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PREFACE

The Summary of Research in Science Education series has been
produced to analyze and synthesize research reslated to the
teaching and learning of science completed during a one-year
period of time, These summaries are developed in cooperation
with the National Association for Research in Science Teaching.
Individuals identified by the NARST Researcn Committee work with
staff of the ERIC Clearinghouse for Science, Mathematics, and
Environmental Education to review, evaluate, analyze, and report
research results. The purpose of the summaries is to provide
research information for practitioners and development personnel,

ideas for future research, as well as an indication of trends in
science education research.

Read~rs comments and suggestions for the series are invited.

Stanley L. Helgeson

Patricia E. Blosser

ERIC Clearinghouse for
Science, Mathematics, and
Environmental Education
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FORWARD

When Stan Helgeson called o5n July 27th to ask if I would
consider writing the annual review of research in science
education for the year 1987, I listened quietly to the parameters
involved, asked a few questions, then requested a few days to
contemplate the task. After hanging up the telephone, I
swallowed hard, but it failed to remove the sudden lump in my
throat. On one level the task seemed simple enougk, to summarize
the nearly 300 or so documents on science education filed in ERIC
and other abstracts, to interpret and synthesize their results
and conclusions, and to complete the work by November l, 1988.
The lump kept growing, possibly because there was no way that I
could accomplish this in three months. Or possibly because I was
to leave the University of Illinois at Chicago in two short days
to begin my new responsibilities as Director of the Center for
Science Education at Kansas State University. Or possibly
because I was in the middle of writing a research grant to NSF on
mole concept and stoichiometric problem solving. Or possibly
because I was aware of the excellent work done on previous
reviews by colleagues for whom I have the greatest respect. Or

possibly because a million other reasons crossed my mind. Stan,
why now?

But I knew that Stan Hel¢eson needed help, and he needed it
quickly. He usually assigns this task in early spring, and the
author(s) of the annual review are able to proceed at a more
leisurely pace. But things had not worked out, and he was asking
me. Now. I felt honored as well as terrified. The more I
thought about the task, the more I concluded that there was but
one scenario whereby I could agree to do tne review. I needed
lots of help, and I had an idea as to where I could get it. As
the new Director of the Center for Science Fducation at Kansas
State University, my duties are to direct and coordinate the
operation of a state funded, university based center for
research, curriculum and materials development, and outreach.
Nearly twenty faculty members across the various colleges of
Kansas State University are associated with the Center. That was
where I could get help. I called Emmett Wright, the former
director of the center, who is presently Head of the Division of
Teacher Education at Kansas State University, described Star
Helgeson's request and its parameters, and asked him to poll tne
faculty in science education who are associated with the center
about participating in the endeavor. Emmett called the next day
to inform me that all the faculty members in science education
would help. The lump began to shrink. That weekend I had lots
of time to think as I drove from Chicago to Manhattan, Kansas
with two cats and a load of boxes (I would return to Chicago by
plane and make the same trip in six days with my wife, Pat, our
two children, Amanda and Emily, and our household belongings).
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Previous authors had devoted significant amounts of time to the
gelection of an organizational framework for the reviey. We had
no such luxury. But a team of colleagues made the task seem not
only possible, but one that would continue the trend of quality
work done by previous authors. I called stan Helgeson and
accepted for our entire tean. The lump was almost gone. It was
time to get to work.

The first task was the selection of an organizational
framework for the review. T had faced such a problem before when
I edited the 1982 AETS Yearbook (Staver, 1981l). 1In that case T
had revigited the writings of Ralph Tyler and Joseph Schwab and
decided to use Tyler's (1949) rationale as a framework for
a2nalysis. Now faced with ga similar problem, I remembered that
Schwab (1978), in a series of essays, discussed at length the
concept of commonplaces and their application to the task of
curriculum development. To Schwab, commonplaces were factors
associated with the process of curriculum development. The
entire set of factors represented a map upon which each part of
the process could be located relative to other parts. For
Schwab, defensible educational thought and curriculum development
resulted from the consideration of four commonplaces, each equal
in rank. The commonplaces theuselves were the learner, the
teacher, the milieu, and the subject matter. Any overpowering or
intimidation by one of any or all of the others resulted in a
narrow curriculum focus. Schwab believed that the coordination,
not the: superordination or subordination, of the learner, the
teacher, the milieu, and the subject matter was the proper blend
of commonplaces that produced lasting, well balanced curriculum,
Moreover, he maintained that the short life of the child-centered
curricula of Progress.vism, the social-change-centered curricula
of the 1930s, and the subject-matter-centered curricula of recent
reforms were due in part to their dominance by a single
commonplace. The key word is coordination., 1In summary, when
curriculum moves into action through the act of teaching, one
person (the teacher) teaches another person (the 1learner)
something (a subject matter) within a context (a milieu). A
curriculum developed by coordinating the aspects of all four
commonplaces was, according to Schwab, one that could stand the
test of time, unlike the aforementioned bandwagon curricula that
represented dominance by a single factor.

Other scholars have utilized Schwab's notion of commonplaces
in their own writings. For example, Lanier and Little (1986)
organized their chapter on research in teacher education in the
Bandbook of Research on Teaching, (Wittrock, 1986) arcund the
commonplaces of teacher, student, curriculum, and milieu.
Similarly, Shymansky and Kyle (1988), the authors of the 1986
Summary of research in science education, acknowledged Wittrock
(1986) and Joyce and wWeil (1986) as key in their organizational
scheme which included teaching and the teacher, learning and the
learner, curriculum and instruction, and instrument development

iv




and analysis. In turn, I acknowledge each of these scholars in
helping me to decide upon the four commonplaces of the present
review of research in science education: (1) Learners and
learning; (2) teachers and traching; (3) curriculum and
instruction; and (4) contexts and settings. Schwab's apparently
absent commonplace, the subject matter, is, of course, spread
throughout, as it is research on science learning, science
teaching, science curriculum and instruction, and science
contexts and settings that is reviewed.

The second task involved decisions as to what should be
included in the review. Our writing team held the view that
three major sources should be represented: (1) Research
catalogued in tne ERIC system; (2) research published in
journals; and (3) dissertations and theses filed in Dissertation
Abstracts International. Much of the research cited in this
review qualified on two counts, as it was published in journals
monitored by ERIC; the remaining research was reviewed because it
was filed in one of the sources.

Associated with the task of inclusion was that of exclusion.
The proceedings of conferences relevant to science education were

-found in the ERIC system. The proceedings themselves were

acknowledged; however, the individual papers and/or presentations
were not. Exceptions occurred when an individual paper was
catalogued in the ERIC system. We trust that those papers of
highest quality will be published in appropriate 3ournals,
thereby justifying their inclusion in future reviews of the
research in science education. Examples of such conference
proceedings included the following: (1) National Association for
Research in Science Teaching, Washington, D.C., April 23-25,
1987; (2) Second International Seminar on Misconceptions and
Educational Strategies in Science and Mathematics, Ithaca, New
York, July 26-29, 1987; and (3) International Conference on
Physics Education, Nanjing, China, August 31-September 5, 1986.
Also excluded were analyses and critiques of published research
in Investigations in Science Education. In this instance, the
original research was already published and reviewed in an
earlier edition of this annual review. Readers who wish to
examine the analyses and critiques should obtain volume 13 of
Investigations in Science Education (Blosser and Helgeson, 1987).

The third task focused on the assignment of each research
report to a single commonplace. Each contribution to the
literature was surveyed and assigned to one of the four above
mentioned commonplaces by at least two members of the writing
team. Most fitted well into one place; however, some contained
more thar one major emphasis and thereby could have been placed
in more than one category. Nevertheless, we assigned them to
only one commonplace. Also, we decided to have a single
reference list at the end of the review. 1In order to facilitate
the inquiries of readers, we created an alphabetical index of
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authors and keyed the number of the section in which research by
each author was reviewed to the names of authors.

The fourth task involved the assignment of members of the
writing team to rsview and interpret the research in a particular
commonplace and to write a first draft. This was accomplished
easily, as cthe range of schelarly interests of authors aligned
well with the different commoinplaces. Production of first drafts
was followed by my initial editing and suggestions for revision,
then the production of revised drafts with later editing and
revisions done by the entire writing team. In the end, each of
my co—-authors made an egual contribution to the writing, editing,
and revising of this review; thus, they were 1listed 1in
alphabetical order.

The format of the review follows a repeating pattern. Each
commonplace begins with an introductory paragraph which sets the
stage for the studies reviewed therein. Discussions of the
studies reviewed, their concordance or divergence from the
existing body of research, and implications for practice and
future research occur at the conclusion of each section and at
the end of the Commonplace itself.

John R. Staver
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1.0 LEARNERS AND LEARNING

We begin our Review of Research in Science Education - 1987
with a focus on Iearners and learning. We have chosen this
commonplace first because learners are at the center of our

enterprise. Moreover, according to Linn (1987), interdis-
ciplinary research has resulted in the recent emergence of
several research themes in science education. One of these

themes is represented in a growing consensus of the nature of the
learner. Presently, broad-based agreement exists that learners
actively construct their own world views based on the
interactions of their minds with the world outside through
observation and experience. Thus, learners must respond to
teachers, curricula, instruction, and contexts in terms of their
present world views as they construct new world views. Within
the commonplace of learners and learning, we have separated the
research into two areas as follows: (1) concepts and reasoning;
and (2) attitudes and beliefs.

1.1 Concepts and Reasoning
1.11 How do specific concepts change with age?
Four studies traced the development of understanding over a

number of grade levels. Bar (1987) gave direct ratio, inverse
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ratio, and proportional problems to Israelij 3rd, 4th, and 5th
graders in two content areas, electrical circuits and sugar in a
water solution. The stages of understanding were different for
the two domains. Direct ratio and inverse ratio were learned
earlier than proportional ratio in the area of electrical
Circuits. However, in the area of sugar solutions, previous
understanding helped children in the direct ratio, but made the
inverse and proportion problems more difficult. Raven (1987)
studied the use of ratios in high school science problems and
found that freshmen tended to select solutions using only one
variable, while juniors more often used two variables in a rule.
Dickinson (1987) reported an attempt to map the development of
children's concepts of what something is ‘'made of' by having
children sort 1like objects. Improvement was found from 1st to
4th to 7th ecrade in the ability to correctly sort materials
(e.g., to recognize powders as made of the same stuff as the bulk
version of the material). Finally, Perry and Obenauf (1987)
looked at the order of development for the concepts of movement
and speed and at the relationships among task variables.
Evidence was found which confirmed the work of Piaget on the
development of the concept of qualitative speed.

1.12 What naive theories and misconceptions do
novices bring to the study of science?

Rice and Peher (1987) studied 9- to l3-year-olds in a
science museum setting to determine their naive theories ahbout
light propagation and image formation. They assigned children a
series of tasks involving predictions about light traveling
through a pinhole. Through interviews, they found that the
children's mental model was generally one of light that traveled
as a whole, carried information from the object toward the
pinhole, and then to the Screen, Children did not have the
notion that each part of the source emitted light in all
directions, a notion which was critical in predicting a wide
array of images, including the invarted pinhole images.

Hastings (1987) interviewed students in grades 2, 4, and 6
in rural, suburban, and city schools about their knowledge of
food as a prerequisite topic for understanding photosynthesis.
The children tended to understand 'food' to be edible substances,
and 'making food' to be cooking. Consequently, when they dealt
with these notions in the area of animal and plant food, they
brought misconceptions such as these: (1) animals planted their
food or produced food products; (2) plants did not make their own
food; (3) plants did not need energy; and (4) a plant's food was
absorbed from outside sources. All second graders held these
notions, but some of the misconceptions changed over grade
levels. Older children began to see food as a source of energy
for animals, and to understand how plants made food, but not how

2




food and energy were related in plants.

Dupin and Johsua (1987) studied conceptions of electric
current in french students from grade 6 to the fourth year of
university. From this and previous work, they found that the
naive view of electric current was the ‘metaphor of moving
fluid,' and that this view was mixed, partly material and partly
energy. As children tried to overcome contradictions associated
with their mixed view, they developed a second misconception
which was particularly difficult to change, namely, that a
constant current was delivered by a battery and that part of the
current was used up as it traveled through a bulb. This
misconception did not begin to clear up until about 10th grade,
and then was not properly generalized even through university
level. It was suggested that this misconception endured because
it was effective in dealing with most of the electric current
problems students encountered in school,

Konold (1987) 1looked at the reasoning patterns of
undergraduates about probability by videotaping interviews in
which students were asked to make predictions about an individual
trial and then to show whether or not the prediction was porne
out. Students often held a deterministic model which was
inconsisternt with probability theory but was quite reasonable in
the ordinary decision making of the lay person.

Roth (1987) tried a new methodology to study naive physics
reascning in an attempt to resolve some inconsistencies in the
literature regarding the abilities of novices to per form
qualitative analyses of a problem. His method enabled him to
discover details about the qualitative knowledge of novices,
including their beliefs and their generalities as well as their
incorrect and partially correct propositions. Among other
things, Roth found that most errors were a product of
misconceptions rather than of faulty reasoning, that novices held
some contradictory conceptions, and that novices did not have the
same strength of belief for all propositions.

We again call readers' attention to the Proceedings of the
Second International Seminar on Misconceptions and Educational
Strategies in Science and Mathematics. Many studies deal with

misconceptions.

1.13 What distinguishes successful from
unsuccessful students?

Lawson (1987) classified 100 high school students as
concrete operational or formal operational, and tested whether
these two groups could understand reasoning-to-contradiction
arguments. Students were tested before, immediately after, and

3




one month after an introduction to this type of argument. Most
concrete operational students were unable to deal with this type
of reasoning, either immediate or delayed, while most formal
operational students were able to comprehend it under both
conditions. The author arqgued that reasoning competence might be
more critical in logica® performance than content and recommended
instruction in reason’ ..g.

Krajcik and Haney (1987) reported a study in which they
identified test items on a nationally standardized chemistry test

necessary for success in high school chemistry. Lawson's
Classroom Test of Formal Reasoning was used to classify students
into formal and non-formal types. The 1981 edition of the

used to measure achievement in high school chemistry. The 170
subjects were students from a private, all-male, college
preparatory school in Wisconsin. Results showed that two
students were classified as concrete operational, 42 as
traditional, and 126 as formal operational. Analysis showed that
18 (58%) .of the 31 discriminators required the use of
proportional reasoning; however, only three (6%) of the 49
nondiscriminators required this form of reasoning. Of the 13
remaining discriminators, six required the recall and application
of a functional relationship. Of the remaining nondiscriminating
items, a majority required the recall of factual information and
often its application to a given situation. The sharp contrast
between the percentage of discriminators and nondiscriminators
that required proportional reasoning Suggested that the ability
to apply proportional reasoning patterns was a major Zactor that
differentiated the ACS exam performance of students classified as
concrete, transitional, or formal operational according to their

Stringfield (1987) categorized high school students as
concrete, transitional, or formal operaticnal, and examined the
effects on each group of computer- vs. print-presented lessons.
The only significant differences in achievement were among
reasoning ability groups.

Rotran (1987) assessed the developmental level and cognitive
performance of 9th grade biology students and found a significant
relationship between them. Students at the four developmental
levels profited differentially from the instruction and utilized
different mental operations.




Anamuah-Mensah, Erickson, and Gaskell (1987) found that 12th
grade chemistry students who solved volumetric analysis problems
by algorithm without understanding were not influenced by
proportional reasoning strategies, while those who used the
algorithm with understanding did make use of these strategies.

Lavoie (1987) studied prediction behaviors of high school
biology students as they used a computer simulation program about
water pollution. Students were categorized into concrete and
formal operational, and their interviews were coded and compared.
Successful students Systematically manipulated independent
variables, took notes, and correctly identified independent and
dependent variable relationships; they also had high initial
knowledge of biology and were formal thinkers. Unsuccessful
students lacked motivation and persistence and were not
Systematic. Also, they were more often concrete thinkers and hagd
low initial knowledge of the subject matter.

In a study of Venezuelan science students by Niaz (1987),
Success in chemistry, biology, and mathematics was predicted by
formal operational reasoning ability, memory, and field
independence.

In a study by Runco, Okuda, and Hwang (1987), two measures
of creativity, the How Do You Think Test and the Teachers'
Evailuation of Students'® Creativity, were found to be predictors
of success in a high school science program for talented students
offered at The University of Hawaii.

Tan (1987) added another level of analysis to the discussion
of understanding in science and what might make students
successful by raising the question of what high school students
mean by understanding. Four conceptions of understanding by
these students were “described as follows: (1) relating new
physics knowledge to knowledge of the world outside the physics
classroom; (2) being able to solve successfully physics problems
in the phyeics classroom; (3) relating new physics knowledge to
other experiential knowledge inside the classroom; and (4) being
able to use classroom physics knowledge to explain a wide range
of experiences in the real world.

Swamy (1987) reported that 97% of a group of college
chemistry students solved three gas problems correctly, but only
3% had a good understanding of gas pressure, as determined from

interviews. Misconceptions held by most of thesc students
included equating temperature with heat and a molecular view of
kinetic energy. Those who performed well understood gas

pressure theoretically as well as empirically, while poor
performers showed understanding only of the empirical
relationships.

Robertson (1987) analyzed think-aloud reports of college
physics students to determine whether they had a connection




bet:zeen Newton's Second Law and the concept of 'systems' relating
to that equation. Students tended not to make the connection,

but those who understood the connection tended to perform well on
a transfer test. '

Smith and Waterman (1987) examined the categorizations that
undergraduates made of Classical genetics problems. Successful

students categorized problems as similar that were solvable in
similar ways.

1.14 What distinguishes experts from povices?

Four studies focused on expert-novice differences in
chemistry, biochemistry, or physics, using novices from high
school to medical school. A fifth study looked at the
interrelationships among process skills in novices. A sixth

study presented a theoretical argument on the ways that experts
and novices use scientific Observation.

college novices solving chemical equilibrium problems to those of
Ph.D. students and professors, Experts used several chemical
Principles and related skills from other domains, better
heuristics such as looking back, and usually twe: different
methods of solution. Novices, however, generally ignored the
principles involved, revealed a large number of misconceptions,
and used heuristics infrequently and not very well.

chemistry equilibrium Problems and found that novices tried to
recognize problem types and apply algorithms rather than analyze
the problem systems, had difficulty visualizing the problem
system, and confused amount and concentration.

Ploger (1987) qave medical student novices ard biochemistry
experts problems in which they were to account for the existence
of an abnormal biochemical Function. Experts decomposed the
problems from the point of view of normal functioning and from a
known pathology, while novices reasoned from the normal

functioning only. Experts considered more alternatives and
reasoned less quickly than did novices.

Veldhuis (1987) compared beginning undergraduate physics
students, advanced underg:aduate physics student
on one problem solution arnd 3 sorting of prob
types. He found that experts categorized problemg by their deep
structural properties, while novices used surface structures,
which were descriptive features that made unlike problems seem

similar. Moreover, novices were found to be less consistent in
their categorizations.
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Martin (1987) compared the problem solving ability of
physics and engineering students in a two year college. Twenty-
six (26) engineering and 23 physics students participated in the
study. Results showed a significant difference in problem
solving ability in favor of the engineering students. This
difference was present on engineering problems, physics problems,
and overall problem solving.

Willson (1987) discussed the distinction between scientific
observaticn as a theory-confirming activity and as a theory-
building activity. Willson arqgued that both types of observation
were central to science, but that theory-confirming observation
was more often used by the expert scientist, who possessed
excellent domain specific knowledge and sophisticated problem
solving processes. For novices the absence of domain specific

1.15 Hental models: what differences are there
between experts and novices?

These two articles might well be subsumed under one or more
of the above categories. However, they are separated here
because the subject of mental models is important enough to
discuss separately.

Leeds (1987) interviewed undergraduate students who had
completed a basic nutrition course to compare their mental models
of energy metabolism to a standard model broken down into links
and nodes. She found that undergraduates had information
available in nodes or organized concepts, but these were not
linked to other nodes in a formal schema. Novices also dealt
better with nodes and links that were concrete rather than chose
which used formal operational thinking.

Kleinman, Griffin, and Rerner (1987) compared the mental
images of beginning chemistry students for such notions as
solubility mole, and energy, to those of graduate students and
expert che.’sts. They found that the quantity and the level of
abstraction of images were greater (an expert image was more
likely to be a model) at a higher level of expertise, and that
images of novices tended to be simply associations with the word.
All groups had all three kinds of images which included the
following: (1) associations; (2) concrete images; and (3)
abstract models.




What characteristics of the learner can
predict success in science?

Three studies reported the relationship of spatial ability
and other cognitive factors to achievement in chemistry. Carter,
LaRussa, and Bodner (1987) reported that science, engineering,
nursing, and agriculture majors who scored high on spatial
ability scored significantly better in chemistry than did 1ow
spatial ability students. Pribyl and Bodner (1987) found that
high spatial ability students performeg better
chemistry, where problem solving ski
thinking about two-dimensional models of molecules was necessary.
Chandran, Treagust, and Tobin (1987) found that prior knowledge
and formal reasoning ability were related to chemistry

achievement in the lab, in calculations, and in content
knowledge.

Loughner (1987) studied high school chemistcy achievement
and related it ¢o visuo-spatial learning, verbal cognition,
spatial cognition, and multiple choice test behavior information.
She looked at predictions from three theoretical perspectives and
found, among other things, that the multiple choice test answers
of a student could be analyzed for cognitive meaning, and that

the four independent variables were all major influences on
chemistry achievement.

Blatnick (1987) studied the effects of using three-
dimensional models on chemistry achievement with ninth graders.
One hundred fifty-two (152) students were pretested on their
educational, verbal, and spatial abilities, then randomly
assigned to one of two groups. The experimental group received
verbal instruction, observed teacher demonstrations with
molecular models, and assembled the same models. The control
group received only the verbal instruction. Results showed no
significant treatment effect on higher-order cognitive skill
questions, chemistry achievement, or gains in spatial ability.

Biermann and Sarinsky (1987) analyzed selected cognitive
i associated with the performance of

students in a biology prepar
college. Discriminant analysis showed that mathematics
was the primary factor in passing the course.
analysis revealed that mathematics ability,

the type of high school diploma accounted for
in the preparatory course grades. Only 16% of the students who
originally enrolled in {he pre, 'ratory course continued on to
take and pass a follow-up course in biology. However, the

breparatory course grade for this group was found to be a good
predictor of the grade in a subsequent course.

ability
Redression
reading ability, and

33% of the variance

Enstice (1987) examined the effect of a remedial chemistry

8

r/‘gl




course on the success of students in a regular general chemistry
course. Eighteen (18) pairs of students were matched for their
performance on the Toledo Chemistry Placement Examination, then
assigned to the regqular or the remedial chemistry course. All
students would normally have been assigned to the remedial
course. Results indicated that students who took the remedi-1
course sccred significantly higher on the Toledo Chemistry
Placement Examination after the course. However, there was no
significant difference between the groups in the regular
Chemistry course grades.

The design and content of a 'preparatory crash course' in
science and mathematics for adult students was discussed in a
paper by Zoller, Ben-Chaim, and Danot (1987). Over a period of
six years, 170 students participated in one or more of the crash
- courses. The performance of science ‘attentive' adults wwas
compared to that of high school graduates holding science
oriented matriculation certificates. Their findings sugges*ed
that unpreparedness in science could be modified through remedi.>
crash courses, especially in those situations where highly
motivated adult students were involved. They concluded that

Success in crash courses could lead to success in later academic
science.

Harpole (1987) studied the relation of achievement 1in
physics and chemistry with selected aspects of students, their
teachers, and schools. Thirty-nine {32) pb "2 teachers, 32

chemistry teachers, 616 physics students " \2 chemistry
students participated in the study. A R g1 a1 of: (1)
teacher certification in chemistry; (2) unue " .e hours in

physics; (3) the percentage of students who rC_vrted an "A" high
school average; and (4) a teaching 1. d that did not include
general science accounted for 48.7% of the wariance in the
physics achievement. With respect to chemistry achievement,
44.3% of the variance was accounted for by: (1) student
participation in science focus; and (2) a teaching load that
included advanced chemistry.

In a related study, Harpole (1987) investigated the relation
of gender and learning style with achievement and laboratory
skill development for high school chemistry students. Forty-one
(41) high school chemistry students participated in the study.
Results showed that males preferred using numbers and logic, and
computing and solving quantitative problems. Males benefitted
most when course work was Clearly and logically organized.
Females preferred situations in which they could work with and
help each other. The author suggested that these differences
shculd be taken into account in the planning of laboratory
exercises.

Harty, Hamrick, Ault, and Samuel (1987) investigated middle
school girls and boys to see whether there might be a difference




between the genders in their concept structure interrelatedness
competence (ConSIC). No significant differences were found.
However, scores of males were found to be correlated with
Previous experience, time on task, scholastic aptitude-verbal,
and scholastic aptitude-quantitative, whereas scores of females
were unrelated to these variables. ConSIC was discussed a3z a
potentially equalizing factor jn the science classroom, which
might both uncover cognitive structures and provide praciice
manipulating concepts.

Selvadurai (1987) examined the extent of transfer of
learning from an introductory biology course to an advanced
course in biology. Lecture sections were randomly assigned to
treatment or control conditions. Students in the treatment
condition were taught transfer of learning techniques as they
were taught biology throughout the introductory course, whereas
control students were taught only biology. Analysis of the
Cumulative lecture tirades of students revealed a significant
difference between the two groups in the means of these grades.

1.17 How can we improve the acquisition of

concepts, reasoning, and other knowledge
through instruction?

Blackwelder (1987) studied the ~" ‘ects of computer
Programming on logical thinking. She found hat 9th graders who
studied a semester of Logo programming scored significantly
higher than a control group on the Test of Logical Thinking
(TOLT), and that a gender difference existed within the treatment
group in favor of males.

Saunders and Shepardson (1987) compared concrete and formal
science instruction on the science achievement and reasoning
ability of gixth graders. Four intact classes were assigned to
concrete or formal treatment conditions. Students were pretestad
and postte..ed on their reasoning levels as well as in saven
areas of the sixth grade science curriculum for achievement.
Results suggested that significantly higher levels of achievement
existed in the concrete instruction group as well as the presence
of a significant gender effect favoring males.

Mpi (1987) raported a study on the effects of the mode of
pPresentation of science objects on recall. e subjects were
volunteer high school students who were assign-? to groups based
on their field independence/dependence. One~half of each group
was randomly assigaed to the models presentation or pictures
preser®-tion. Results showed that subjects who were pPresented
mode outperZformed their counterparts who were presented
Pictures and that field independent sfudents outperformed their
field dependent ccuucerparts. No gender effects were found.
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Gabel and Enochs (1987) found that pre-service elementary
teachers, particularly those with low visualization scores, often
confused surface area and volume. These students benefitted
considerably when volume was taught as capacity and introduced
before the concepts of area and length. ©This made volume easier
to visualize and therefore less likely to be confused with length
and area.

Lord (1987) tested science majors at a junior college and
found that women, who began with lower spatial ability than men,
improved at a faster rate than men when mixed classes v e given
specially designed visuo-spatial interventions.

Lewis (1987) introduced concrete experiences into class
sessions of an experimental group of 10th graders, while allowing
classes to proceed as usual in the control group. For the
experimental group, logical thinking scores and some process
skills were found to improve significantly.

Musonda (1987) analyzed data collected over 12 years from

the Audio-Tutorial Elementary Science Program. Tapes were
analyzed from 21 matched pairs of first graders who either
received instruction by audir-tutorial methods or no

instruction. a concept-mapping was ,erformed on the children's
understanding of the structure of matter over time. Instructed
childrer tended to hold more foundation knowledge which helped in
the quality of their conceptions; the diversity and inclusiveness
of their conceptions were also superior. Uninstructed children
were more likely to develop misconceptions.

1.18 What tools might help to initiate novices
into the cultures of science?

Lippert (1987) reported on the potential for teaching
problem solving in mathematics and science with computer-based
expert systems. She suggested taat the construction of a
knowledge base and its implementation in an expert system shell
clearly showed whether students could formulate questions,
perceive the logic of the relations and dependencies given in a
problem, and construct procedures to connect the concepts. Only
when the formal structure of the problem was perceived correctly

the interrelationships. Students could plot their decisions and
associated rules in a tree-like format as they responded to the
prompts of the shell, thereby seeing the hierarchial structure,
subsumptions and branching they had built. Students could
correct, expand, or erase features and retest the rulebase until
they were persuaded that their representation was complete and
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correct. Lippert explained that it was this facility that was
unique as an instructional tool, and particularly attractive
Since it did not depend on the immediate presence of the
instructor. . With this approach, students were no longer
Spectators in problem solving, but engineers of the solutions.

Hawkins and Pea (1987) of the Bank Street Center for
Children and Technology wrote an extremely thought-provoking
piece on the gap between the culture of everyday thinking which
students bring into the cstudy of science and the culture of

the nature of inquiry; they were built around the idea of inquiry
as the accumulation of facts rather than inquiry as coming to
understand science in neyw ways. The child, in learning science,
was socialized into the scientific community, a culture with its
own problem ‘'niches,' standards and modes of explanation, levels

of precision, and ways of communicating. In coming to
understand, the child must give up an alternative way of seeing
things. Rec’ Jnizing science education as Ccross-cultural
education wor be an extremely exciting and fruitful way to

approach the problem of teaching the inquiry process. It would
add to our endeavor, for éxample, the notion that we would be
leading a student from one culture to another on the dimension of

who bring to a learning situation naive or everyday theories of
the domain, misconceptions, incomplete and ‘fragile' knowledge
(Perkins and Martin, 1986), differing views of what it means to
understand a domain, and partial and often inconsistent
conceptions, held as a temporary means of grappling with

reminded again that overthrowing a misconception is’ not only
difficult, it is a constructive process that learners must
accomplish for themselves. Moreover, such a Process depends, at
least sometimes, on the reasoning abilities of students, and the
studies reported during 1987 which continue to show the influence
of reasoning on successfuyl learning.

This set of research is consistent with recent findings in
expert-novice differences, confirming that novices have
difficulty with all the different levels at which they need to be
working. Their knowledge is new, often riddled with
misconceptions, and does not readily hold together; they do not
have a good framework to help them tie information together; and
they do not yet know the conventions, heuristics, or even the
problems of the field. Teaching for the transition from novice
to expert should become a Clearer task as studies like these help
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£ill cut the picture for each domain. One very promising area of
research is the study of learnable mental models which may be
used to help provide a visual framework to hold information
together in a sensible and correct way, yet need not be complete.
Such schemata would presumably help with the problem of
developing 1links among concepts. Another type of exciting
research is the development of technological cognitive tools to
aid in inquiry. Hawkins and Pea (1987), for example, described a
technological tool (under development) for bridging the gap
between the two cultures, one which is expected to help create an
environment for a student's conceptual change. The INQUIRE
system will have a QUESTIONS module, to help students formulate
questions about a problem area and examine their own knowledge
about it; a NOTES module to help students gather in one place the
information from diverse sources (their description sounds very
much 1like hypertext, a systen in which students can readily
connect one piece of information to another in a non-linear
fashion); a SCHEMES module to help organize the student's ideas
about the new information collected in NOTES; and a PATTERNS
module to help students describe and analyze data in graphs and
tables as well as determining trends.

1.2 Attitudes and Beliefs

A great deal of research was published in 1987 that dealt
with the assessment of student attitudes and beliefs. These
articles are broken down into four categories as follows: (1)
factors relating to interest and satisfaction in school science;
(2) factors relating to continued participation in school
science; (3) factors relating to achievement in school science;
and (4) factors relating to understanding the nature of science
and technology.

1.21 What factors relate to interest,
satisfaction, and anxiety?

Obviously, interest and satisfaction are affective factors.
Yet quite commonly, studies involved the use of other affective
factors to examine these. For example, the relationship between
teacher affect and student attitude toward science was examined
by Pogge (1987). No relationship was found between teacher
affect and student attitude, though perceptions of students with
respect to their teachers and their science classes were found to
be highly correlated with their attitudes toward science.
Students who perceived that their teachers liked science reported
more positive attitudes than students who did not have those
feelings. Further, students who found their science classes to
be fun and exciting and those who felt curious and successful in
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science had more positive attitudes toward science. Like many
other studies, attitudes of students toward science were found to
be higher in the lower grades.

In a similar manner, Bishop (1987) examined the relationship
between science learning environment and attitude toward school
science for students in  grades 2 through 12. Perceptions of
students about teacher enthusiasm, teacher fairness, teacher
concern, lesson presentation, teacher effectiveness, pride of the
students in the class, and other related variables were
Positively related to attitudes for students in all grade levels
of the study. Perceptions of students with respect to self-
direction, fear of failure, group work, questioning strategy,
stress on safety, variety of materials, and other related
variables were found to be the variables with the fewest
relationships to attitudes on school science. Predictive models
using the relationship of these variables to attitude toward
science accounted for 32% to 63% of the variance in the model.

An examination of the discrepancy between science learning
environments in rural and urban junior high schocis in Taiwan was
conducted by Lin and Crawley (1987). Their study 1looked at
attitude differences in relation to gender, ability group, and
school sociogeographic location. No differences in perception of
learning environment were reported by students according to
gender or ability group. Metropolitan students did report higher
attitudes toward science, but they also reported higher levels of
speed, friction, favoritism, difficulty, cliqueness, and
Ccompetitiveness in their classes, The authors reported that
learning environment differences, specifically competition,
seemed to lead to higher levels of attitude toward science; they
also noted that although rural school students reported interest
in science careers equal to metropolitan students, rural students
were probably left out of the race for these careers as a result
of the learning environment differences.

Talton and Simpson (1987) demonstrated that attitudes of
Sstudents toward science could be predicted by attitude toward
classroom environment. The composite variable of attitude toward
classroom environment contained measures of emotional climate of
the science classroom, science curriculum, physical environment
of the science classroom, science teacher, other students in the
science classroom, and attitudes of friends toward science. The
model predicted between 56% and 61% of the variance in attitude
toward science.

Accounting for the satisfaction of students was also an
important component of a study by Ulanski (1987). Reporting on a
five year study of student evaluations of an introductory college
physical geology course, Ulanski found that the instructor was
Séen as a major contributor to the overzll satisfaction of the
students, especially, the enthusiasm exhibited by that
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instructor.

Commonalities between science and environmental education
were the subject of a study by Hebert (1987). An instrument was
developed and used with 239 students in grades 5 through 12.
Interest in experiential education was high among students of a1l
grade levels. Middle grade students showed less interest in
health and human welfare than did high school students. High
school males showed an interest in earth science while females
did not. -

The effect of resequencing general science content was the
subject of a study reported by Hamrick and Harty (1987). Using a
subject pool of 203 sixth grade students, respondents were
randomly assigned to one of two treatment groups. The
resequenced content presented to one treatment group was produced
by changing the order of the chapters of the textbook to clarify
the content structure and to explicate interrelationships among
concepts. Results indicated that resequencing the content
produced higher levels of achievement, more positive actitudes,
and greater interest in science.

Paxman (1987) examined the differences in achievement that
occurred as a result of different methods of grading and
returning science homework for 146 seventh grade students over a
seven week period. The treatment conditions included returning
the homework with grades, comments, or both. Findings did not
support the idea that the treatments were effective measures of
increasing student attitude or achievement. Comments or grades
alone were more effective than the combination of the two, but
the control group scored higher than any of the treatment groups.

The relationship of test anxiety to serum beta-endorphin was
examined by Molinaro (1987). Pre-medical students were tested
before and after taking the Medical College Admission Test ( MCAT)
for the degree of test anxiety, as measured by the Text Anxiety
Inventory (TAI), and for levels of beta-endorphin, as measured
from a blood sample. Results showed that test anxiety was
reduced after the MCAT, but levels of beta-endorphin were
elevated. Test anxiety was also shown to be inversely related to
student grade point average. A predictor set of variables for
SuccesSs on the MCAT was found using items from the TAI, grade
point average, and level of beta-endorphin.

1.22 What factors relate to continued
participation in science?

A number of studies attempted to assess why students
continue in or drop out of participation in science. These
studies are largely descriptive in nature and seek to define
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iseline information with regard to persistence in science and
che relationship of persistence to issues such as gender, race,
and age of the students.

Asking the question, "Why do high school students choose
chemistry?," George, Wystrach, and Perkins (1987) examined the
decision by high school students to become chemistry majors in
college. Chief among tne factors reported by students was the
recognition by students for their own high aptitude for
chemistry. This was followed by "inspiring or encouraging high
school chemistry teacher," "excited by laboratory work, etec., "
and "chemistry as an entree to a career in medicine."

Gender-related values and their relationship to persistence
in science was the subject of a study by Worthley (1987).
Beginning with the knowledge that women tend to drop out of
science study at a higher rate than do men, Worthley examined the
hypothesis that persistence in science would occur in those
persons where similarity was found between the values held by the
person and the values that same person felt that a scientist

would hold. The data collected from 173 undergraduates supported
this hypothesis.

Cross and Beaumont investigated the effects of task
intervention as a mechanism to eéncourage females to continue with
mathematics and physical science subjects through grade 12, The
project included three types of intervention: (1) subject based;
(2) career based; and (3) gender stereotyping. The subjects were
Year nine and ten Australian females who were separately
presented a series of sessions in which time was made available
for discussion about careers, the value of mathematiecs and
science, and gender stereotyping pressures in society. After a
full semester of contact with intervention staff, 20 students in
years nine and ten were individually interviewed. Data gathered
in the interviews revealed that a high degree of awareness of the
project objectives existed among the participants. The project
increased their appreciation of career opportunities open to
females in non-traditional fields. A majority felt that the
program was a good idea, but some confusion existed as to why
they were separated from the males. Eighty-one percent (81%)
felt that the quest Speakers and videos were useful. Feedback

Examining factors related to the differential level of women
entering science careers was the focus of a study by Baker
(1987). Role-specific self-concept in science and self-
perception in terms of stereotyped gender characteristics were
examined as primary factors. Females preferring science related
careers were found to have a more masculine perception of
themselves and., to a lesser degree, a more positive role-
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specific self concept in science.

Preference for science majors and careers among black
college students was the focus of a study by Salters, Lockard,
and Stunkard (1987). Science self-concept, presence of role
models, image of the field, course counseling, attitude toward
science, and high school science background were significant
effects in a multiple reqgression model that accounted for 42% of
the variance in the dependent variables,

In order to determine the 1level of female and minority
participation in science courses, Wavering and Watson (1987) sent
surveys to all secondary schools in the state of Arkansas. Their
findings indicated that black males were over-represented in
general science and physical science sourses in larger schools,
that females were over-represented in advanced science courses in
large schools and in chemistry in small schools, and that 1in
general black students were under-represented in college
preparatory science courses.

Tobin and @Garnett (1987) 1looked at gender-related
differences with respect to participation in science activities.
Using a qualitative methodology including interviews, they found
evidence to support gender-related differences in engagement
patterns with regard to school science.

To examine the high attrition rate of students from tertiary
science courses, Wilson (1987) conducted research on student
approaches to studying. Although the students were found to have
higher levels of motivation to study and better study strategies
than 3Australian norms, these indicators did not correlate with
academic achievement.

Continued participation in science by Malaysian students was
the subject of a study by Razali (1987). While high school
chemistry teachers felt that mastery of knowledge in chemistry
was the most important aspect of high school chemistry students,
college instructors viewed the acquisition of traits such as
study skills and strategies for learning as the most important
aspect of high school chemistry.

Audiovisual presentations of women in scientific careers
were Created to examine the effect of depictions of women in
technical careers and on motivation of females to pursue such
careers in a study by Wessels (1987). After the treatment,
females reported that women employed in scientific and technical
careers did not have boring jobs, less femininity, or a lack of
home life. Males reported themselves as more easily employed in
scientific careers than did females. Females did not 1list
scientific careers in their top ten career choices.

Smith (1987) reported the development of an evaluation model
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for a summer research apprenticeship program. The intent of the
Program was to increase the number of minorities pursuing careers
in science and engineering. The target group was high school
sophomores. A follow~up study of those students whq completed

these students were enrolled in science curricula in college with
the intention of pursuing a science or engineering career.
Telephone interviews were conducted with 63 of 72 Previous
participants. Forty-five (45) students were found to be actively
pursuing such careers,. Discriminant analysis was used to
construct predictive models. The models generated predicted
participation with a success of 87% to 90%. Results indicated
that current college enrollment, self ratings of mechanical
ability, use of books and libraries during the program, and
participation 1in special science programs were significantly
correlated with the outcome variable.

develop a set of predictor variables for female participation in
college science courses. Using a sample of 489 females who
earned an undergraduate degree prior to 1984, a set of 43
variables was initially examined for predictive power. The set
was reduced to six primary variables that were significant
identifiers of females majoring in science. This set included
the perception that mathematics would be useful in the future,
high grades in mathematics, the number of science courses taken,
identifying a college science major as a high school senior and
as a college sophomore, and being a member of the Asian race.

school careers. Conducting a five~-year longitudinal study of
students, Oliver found that science self-concept, as assessed in
the 10th grade, was the most important predictor of both high
achievement and continued participation in school science. A
predictive discriminant analysis was used to develop a mcdel for
Participation in school science which was effective with students
who did not go on to study science beyond the minimum level
required by law.

Deboer (1987) developed a path analysis model to determine
whether cognitive motivation could be used to explain couzse
selection patterns leading to continued participation in college
chemistry for men and women, The model demonstrated the
importance of belief in the ability to succeed in chemistry as a
variable to predict future participation in the subject.

females in science was conducted by Gardner (1987). The study
included both high school and college students and involved the
use of gender~free resource materials, instructional techniques,
and presentations by female science~career role models. Although
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the discriminant function analysis was able to differentiate
women in nursing, biology, and engineering, few differences in
attitudes or demographic characteristics were found. The
suggestion was made that intervention strategies that succeed in
retaining college women in male dominated majors may be equally
effective for women in non-gender dominated majors.

Kurth (1987) reviewed the literature on the factors related
to the decisions of females to remain in science. The annotated
pibliography that she produced covered a wide range of areas
related to this topic including biological, cognitive, and
attitudinal factors. Xurth summarized the findings and suggested
that the role of the parents, significant others in the life of
females, and extracurricular activities were of great importance
in encouraging females to persist in the study of science.

1.23 What affective factors relate to achievement
in science?

Achievement in chemistry by Nigerian students was examined
by Okebukola (1987). Student participation in laboratory
activities was found to be the most important factor in the
relat.ionship with achievement. In order of importance, student
attitude toward Chemistry as a subject, teacher attitude toward
laboratory activities in chemistry, and availability of chemistry
~aboratory materials made significant contributions to the
variance in achievement.

Examining differences in responses to test items was the
subject of a study by Linn, DeBenedictis, Delucchi, Harris, and
Stage (1987). Explanations for gender differences were
hypothesized to include differential prior instruction,
differential use of "I don't know" as a response, differential
response to figurally presented items, and different attitudes
toward science. Results showed that females were lesz successful
on science content items than males, but were equal on items
related to scientific inquiry. Females alsc used "I don't know"
more frequently than did males. It was suggested that females
should be encouraged to take more science courses, especially
courses aimed at general audiences rather than pre~scientists.

Roberts, sSarigiani, and Petersen (1987) examined the
relationship between self-image and achievement in science for
males and females. Males were shown to exhibit a much higher
relationship between self-image and achievement than females in
sixth and seventh grade populations. A covariance structural
model wusing LISREL was constructed to examine these
relationships. Longitudinal follow-up of the students showed
that the strength of the self-image and achievement relationship
increased over time for males and decreased for females.
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Schumm (1987) examined differential levels of achievement in
science courses based on the structure of the course in relation
to the locus of control and attribution for success of students.
Students whose locus of control was internally oriented performed
better in traditional course structures. When failure in the
Course was attributed to lack of ability, students achieved lower
grades across course types. Females tended to attribute success
more to effort than did males.

A sample of 2,277 grade 12 students in Israel participated
in the second IEA science study by Tamir (1987) to examine the
relationship between selected background variables and
achievement in science. Background variables studied included
gender, home background, Prior study in science, school-related
variables, arnd intentions. Results lead the author to make the
following conclusions: (1) the highest achievement was reached
in earth science and the lowest in physics; (2) two-thirds of
non-science majors were females. Non-science majors achieved
substantially lower than science majors and most of them left
high school highly deficient in scientific literacy; (3) more

in biology while the ratio in chemistry was equal; (4) males
achieved better than females in physics but not in biology nor in
chemistry; (5) home background, attitudes towards school and
science, and motivation and Career expectations all yere
significantly related to achievement; (6) interesting patterns of
effect of prior learning on achievement emerged; (7) students
achieved best in their major field of study with one exception:
chemistry majors achieved as well as physics majors in physics.

Haukoos and Penick (1987) reported a study of the
interactions of personality and achievement in different
Cclassroom climates. Discovery learning was encouraged in one
classrocm and not in the other. The authors concluded that
student achievement was affected by the dynamic interventions
within the classrooms.

The relationship of achievement in science to type of
instruction and family background was examined by Lee (1987).
The study was designed to identify predictors of achievement of
elementary school children in grades three to five. A set of
predictor variables was found that accounted for 50% of the
variance in achievement. Family background accounted for 9% to
13% of the variance in achievement. Previous science achievement
accounted for 10% to 15% of the variance, while previous
mathematics achievement accounted for 20% to 30% of the variance.

1.24 What affective factors relate to student
understanding of the nature of science and
technology?
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Literate and non-literate Nigerians were shown to hold both
scientific and traditional notions of the world by Ogunniyi
(1987). Holding both views was evident regardless of the status
of the respondent, though persons who had taken a course in the
history and philosophy of science were shown to have a preference
for the scientific cosmology.

As an introduction to a much larger study, Aikenhead,
Fleming, and Ryan (1987) examined the use of various instruments
and measurement techniques related to the assessment of the
understanding of students about the nature of science. They
concluded that measurement of these constructs using paragraph
style response as opposed to the typical Likert-type response
instrument could lead to fewer misunderstandings of a student's
position on the nature of science. In a second part of this
study, Fleming (1987) investigated the ability of students to
distinquish science from technology. Results suggested that in a
few limited examples students were quite capable of making this
distinction, but generally they were not. The authors believed
that students came to see the science~technology relationship as
a unified ‘'technoscience.' In the third part of this study,
Aikenhead (1987) uncovered beliefs of students about the nature
of scientific knowledge. The findings indicated that high school
graduates generally saw scientific classification schemes as
epistemological, but the majority did not view scientific models
in that way. Almost all students saw scientific knowledge as
tentative and no students reported that the scientific method was
a8 stepped process as it is so often defined. The authors
concluded that views of students on science were very diverse but
also contradictory. In the fourth part of the study, Ryan (1987)
continued to address the issue of beliefs concerning science,
technology, and society among Canadian high school students by
examining scientific literacy and gender related issues in
science. The findings included the following: (1) students felt
that scientists were and should be concerned with the uses for
their discoveries; (2) scientists should be responsible for
making their discoveries public; and (3) perceptions about the
ability of women to enter science careers were similar for male
and female respondents.

In an attempt to expand the base of infurmation concerning
the extent to which the ideas of children about science change
during the years of school, Clough, Driver, and Wood-Robinson
(1987) conducted a longitudinal study over a two year period
using 84 students who were 12 to 14 years old in the initial data
collectica. The students were “interviewed to probe their
understanding of biological and physical science concepts. One
major finding was that conceptions used by the students tended to
change relatively little over the period of the study in spite of
science schooling to the contrary. Of those who 4did change
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conceptual frameworks, the shift was most commonly from
alternative explanations to accepted explanations, though this
was not always true. Recommendations for practice included
capitalizing on the fact that children are active learners,
encouraging students to make their ideas explicit in writing or
discussion, giving children more time to think about their
understanding, recognizing the reasons that children develop
alternative conceptions, and evaluating the good that may come
from encouraging change in their ways of thinking.

In a study that examined the view of science held by
teenagers, George (1987) found that the students saw the role of
science and the role of the scientist as the same. The notion of
truth was found to be a central issue in the way that students
viswed science. Moreover, this notion of truth might be related
to the gender of the student giving the response.

Snively (1987) explored the relationship between the
orientations, beliefs, and experiences of students during science
instruction relative to the Seashore. Prior to the instructional
Sessions concerning the ecological principles exhibited by
seashore relationships, the orientation of the students toward
science was evaluated. Most students were found to hold views of
the ecological principles that were not in line with accepted
science prior to instruction. Beliefs did become more consistent
with accepted scientific concepts after instruction. Moreover,
these scientifically acceptable beliefs were still in Place six
months later. In addition, students were able to view the
seashore from a variety of orientations after instruction,

In 1987, attitudinal research examined the attitudes of
students from several perspectives. Relatively 1little of the
work studied the typical attitude change as a result of an
instructional or learning style treatment. Student attitudeg and
interests in relation to teacher affect were the subjects of
several studies. The general finding was that attitudes of
students were strongly related to perceptions of the attitudes of
their teachers. In short, enthusiastic teachers of science
tended to have students who reported enthusiasm for science. 1In
addition, attitudes and interests of students were found to be
predictably based on classroom and school variables.

The most consistent finding concerning further participation
in science was the evidence supporting the role of academic self-
concept in science. Though studied under a variety of names and
descriptions, the belief of a student in his or her ability to
succeed in science was found to relate frequently to future
participation in science. Other variables found to relate to
participation in science included inspiring teachers, motivation
to achieve in science, consistency between the views of science
held by the respondent and scientists, gender-related
differences, approaches to studying science, and presentation of
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material related to careers. Models designed to describe the
relationship of variables to participation were being built from
a wide variety of perspectives.

The relationship between affect and achievement in science
has received much attention in the past. During 1987, research
in this area examined issues such as type of student
participation in science, academic self-concept, attribution of
success, classroom climate, and family background variables. In
the studies reported, all of thewe variables were found to be
significant cortributors to the variance in achievement in
various populations. Gender-related differences were
consistently reported in the studies including the observations
that males had equal success to females on tests of scientific
inquiry, males reported a stronger relationship between self-
concept and achievement 1in science, and females tended to
attribute success more to effort than did males.

Beliefs of students about ang understanding of the nature of
science are an areas of growing interest in the research
literature of science education. Results generally indicated
that the perceptions of students about science were modifiable by
instruction, but that naive conceptions of science persisted
despite@ instruction in some cases. Importantly, some studies
recognized that a naive conception of science served an important
purpose for the student. These ‘'alternative' conceptions gave
students a framework from which to perceive the world. The
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2.0 TEACBERS AND TEACHING

Whereas learners occupy the center of our enterprise,
teachers shoulder the responsibility for learners and learning.
According to Linn (1987), a new view of the role of the teacher
is emerging. She maintains that instruction depends on the
teacher's perspective of the learner and the subject matter, then
argues that teachers formulate their own views of a discipline,
learners, and schools largely irdependent of gnuidance. Moreover,
the new consensus of the learner suggests that general
pedagogical skills cannot be applied indepandent of discipline
centered knowledge, a position contrary to current wisdom in
teacher education. Thus, teachers must understard the discipline
they teach. They must have a working environment which fosters
the continued development of teaching skills, of sharing ideas
with colleagues, and of thinking about teaching and learning.

In focusing on the second commonplace, teachers and
teaching, we examined research in 1987 with the perspective of
its contribution to the development of a new view of teachers and
teaching. The studies reviewed in this section deal with two
general areas, methods that teachers use and characteristics of
teachers, teaching, and thé profession itself. Within methods,
studies focus on two specific themes, effective teaching and its
impediments. Within characteristics, studies center on three
specific topics about teachers, their understanding of the nature
of science, their concerns about research, and their professional
behaviors.

2.1 Impediments to Exemplary Teachin¢

2.11 What factors impede the development of
exemplary science teaching practices?

Widespread teaching excellence is an ideal we must
continually strive to achieve. This lofty goal, howevaer, is
mitigated by numerous bpragmatic considerations, many unique to
given contexts. Despite the most well intended and rigorous pre-
service programs of preparation, on-site classroom instructional
practices often fall short of the ideals taught in on-campus
methods courses. The studies discussed below address some of the
impediments and Persistent problems that must be overcome if
progress towards excellence is to continue,

Borchardt (1967) Surveyed 218 elementary teachers, who
ranked the impediments to teaching science in the elementary
schools. The results ywere then compared with a National Science
Foundation (NSF) study of 1977 (Weiss, 1978). The present survey
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reported the most significant problems as f9110ws: ‘1)
inadequate set-up time; (2) inadequate preparation time; (3)
equipment deficiencies; (4) insufficient time to teach all units
of study; and (5) lack of time to develop new units. -\
comparison with the NSF 1977 results revealed no significant
differences for 6 of the 18 primary grade (K-3) impediments and
12 of the 18 intermediate grade (4~6) impediments. Implications
for addressing these persistent problems were discussed.

Tobin (1987) performed a desCriptive study regarding the
delineation of exemplary science teaching practices of Western
Australian science and mathematics teachers. The study involved
13 science and 13 mathematics teachers from grades 1 to 12;
however, two sixth grade and two high school science teachers
were selected for the purpose of describing effective as well as
less effective teaching strategies. The most pPrevalent problems
identified were associated with inadequate content knowledge.
Recommendations included the need to provide elementary teachers
with a resident science specialist to assist efforts among them

teaching practices.

Many problems face secondary teachers attempting to promote
higher order cognitive thought among students. Using a
qualitative research design, Sanford (1987) collected data from
four science classes, two junior high general science and two
higis school biology classes, for the purpose of comparing
relative patterns of occurrence and the management of higher
order tasks. The results of this study indicated that, even
under ideal conditions, teachers were not consistently successful
either in engaging students in Oor managing the engagement of
higher level cognitive tasks. A salient implication was to have
practicing teachers as well as teacher educators devote more
direct attention to decision-making strategies regarding the
management of diversified academic work.

Higher salaries continue to be reported as an impediment to
the recruitment and retention of potential 'teaching oriented’
undergraduate science majors. Evans (1987) used the instrument
entitled Self-Directed Search, to identify 'teaching oriented’
personality types among 98 randomly selected freshmen
undergraduate students. Those identified as 'teaching oriented’
also completed several author-constructed instruments to
determine major concerns about the teaching profession. The
results indicated the most critical concern to be low starting
salaries. Other reasons given for not selecting the teaching
profession were, in rank orvder ©f concern: (1) don't want to do
the things teachers do eacn day; (2) not much job security; (3)
low maximum salaries after years of work; (4) poor job
availability; and (5) discouraged by family, counselors, or
friends. The crucial change cited by students to alleviate their
concern regarding the attractiveness of a teaching career was
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higher starting pay, an average starting salary of $21,693 and an
average salary of $32,600 after ten years of experience beyond
the baccalaureate degree.

Stronck (1987) reported a study which determined the form of
district~level science coordination perceived as most
satisfactory by science teachers of British Columbia. Survey
results supported the need for a science coordinator in order to
meet the curren* needs for improved science instruction. In the
opinion of teacners, the loss of such coordinators in previous
Years had contributed seriously to the reduction of science
teaching, at least in the elementary schools.

Leonard (1987) conducted a study to determine the
perceptions of North Carolina elementary (K-6) public school
Principals about their role and participation in the Science
programs of their schools. The majority of those sampled were
comfor table to highly satisfied with their handling of the
science curriculum. TIess than half (40%) provided science in-
service during the past year while slightly over 50% of the
sampled principals indicated the availability of 1local school
funds for science. Science fairs had been held in over 60% of
the schools, but less than 35% of the sampled principals reported
use of NSF-developed curricula. Less than 50% indicated the
presence of a special facility for science teaching. These
principals perceived their teaching staff as comfortable with
science material, primarily using the lecture/discussion method
of teaching science, and teaching science for more than 30
minutes every day.

Champagne and Hornig (1987) synthesized and interpreted the
significance of several issues related to science teaching, with
special emphasis on science teacher quality, supply, and demand.

for School Science, sponsored by the American Association for the
Advancement of Science (AAAS), which convened in Washington,
D.C., October 10-11, 1985, The AAAS National Forum series was
initiated, in part, to respond to the conclusions made by several
reports and books with respect to the condition of education and
teaching in the United States. The authors concluded that the
issues are extremely complex; science teaching quality, embedded
within our social, economic, and political system, cannot be
defined since the forces that drive it are not themselves well
understood. With respect to the shortage of science teachers and
the potential demand for science teachers, indications were that
the problem has existed for the past ten years or more and will
continue to intensify as increasing retirements occur during the
next ten years. Their final conclusion noted that any progress
towards improving science teacher quality and towards reducing
the gap between the demand for science teachers and the
available/projected supply will likely be slow.
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Finally, Rollins (1987) performed a study to assess the
certified qualifications of higher mathematics and physical
science teachers in the State of Utah. A review of 362 teacher
credentials indicated that only five teachers did not meet the
standards for Utah certification in the above disciplines.

The impediments to enhancing teacher effectiveness are well
entrenched in the work place and its workers. They will be
difficult to remove. Among the most prevalent and persistent
problems addressed are inadequate content knowledge,
inconsistency among teachers to promote higher order cognitive
tasks, low teacher salaries, and the need to provide elementary
teachers with an on-site science specialist to provide assistance
in improving elementary science instruction.

2,2 Effective Teaching

2.21 What strategies have emerged or continue to
be promoted for enhancing science teaching
effectiveness?

A variety of strategies, both traditional and novel, were
reported on the enhancement of teaching effectiveness in science.
Three doctoral dissertations studied the use of questioning
strategies, lesson plan development techniques, and willingness
to implement novel curriculum programs. One . additional study
examined the effect of cognitive style and science instruction.

Crooks (1987) examined the development of questioning
techniques for two groups of pre-service elementary science
teachers. The two groups, constituted by 38 participants,
enrolled in a seminar designed to promote questioning strategies.,
One group received videotaped and written models, whereas the
second group received lectures and written models of instruction
on effective questioning techniques. Upon completion of the
formal seminars, each participant presented three science
lessons. No significant differences were found between groups
for either the number of questions asked or appropriate use of
wait time; however, a significant finding was reported with
respect to the use of high-level divergent and convergent
questions for the group that received videotaping during their
seminar course,

In a related study, Kellogg and Leonard (1987) investigated
the use of a single classroom computer to foster the improvement
of questioning techniques of teachers. Results indicated that
project teachers effectively used interactive questioning
techniques to supplement computer assisted instruction.
Questions asked varied in terms of quantity as well as quality,
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The authors concluded that teacher behaviors could be modified
from a lecture role toward a facilitator role through the use of
computer technology.

Demchik (1987) investigated the ability of senior pre-
service elementary education majors to plan and evaluate science
lessons. The 38 seniors were randomly assigned to one of two
treatments, The experimental group received intensive
instruction in lesson plan development and evaluation, as g3
Ssupplement to formal lesson planning experiences provided in a
traditional methods class context. Both groups were required to
prepare and evaluate lesson Planning activities within their
respective methods classes. Multivariate analysis of variance
was used to assess the effect of the intensive instruction as
well as the potential interaction of intensive instruction with
cognitive functioning (formal versys non-formal) and science
experience. Results indicated that intensive instruction was a
highly significant main effect variable with respect to the
ability to plan and evaluate science lesson plans.

Rivers (1987) conducted a survey of earth science and
physics teachers, administrators, students, and parents, to
assess the teaching effectiveness of earth science and physics
teachers in Virginia. The results of the survey indicated a
general lack of perceived professionalism by these science
teachers with respect to teaching effectiveness, renewal of
certification by means of taking additional science courses, lack
of use of informal modes of science instruction, and low student
involvement in science laboratory activity.

Regarding the influence of coaching on the willingness of
practicing elementary teachers to implement a laboratory-based
science Drortam, Lockard (1987) reported that cteachers who wer~
coached demonstrated a higher level of program use. He further
noted that coaching had a positive influence on teacher concerns,
from those related to 'self' towards those more related to the
'impact' of the program on students, as well as more positive
attitudes for learning science among students of coached
teachers. Attitudes among elementary teachers towards science
teaching, howevar, did not change as a result of coaching. A
follow-ug 2%udy might be of interest to determine if, after
formal coaching efforts have ceased, teachers continue to make
use of the program, especially since no significant change in
overall attitude towards science instruction was evident,

A potential insight for the lack of change in attitudes of
teachers toward science was delineated by Conwell, Helgeson, and
Wachowiak (1987) in the ¢ report on the potential mismatch
betwee x cognitive style preferences of pre-service elementary
education majors with science instruction. Using the well known
Myers-Briggs Type Indicater, the investigators reaffirmed that
tue predominant cognitive style among elementary school educators
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is the Sensing Feeling type. This type is in sharp contrast to
the Intuitive Thinking style, which is predominant among
scientists. The study consisted of 56 participants, all Sensing
Feeling types. randomly assigned to one of two treatment gronns.
The first group of 32 participants experienced nine scieuce
activities matched to their cognitive styles, while the other
group of 24 participants experienced nine science activities
mismatched to their cognitive styles. Results revealed no
significant differences between matched and mismatched groups in
knowledge of the material presented or overall at-itude toward
science and toward science teaching. The authors concluded that,
although it was possible to tailor science activities that ywere
well received by students as a result of cognitive preference
matching, the concept of matching cognitive style illustrated
only modest insights in the present context of this study. The
critical variables in making cognitive style matching a reliable
and predictively valid phenomenon are yet to be identified.

The ability to predict and enhance teaching effectiveness
continues to be somewhat elusive. Factors such as questioning
strategies, lesson planning and reflective evaluation, wait-time,
and cognitive style mismatches continue to be reported as pre-
service activities pPossessing positive contributions toward
teaching effectiveness. Although these pPlanning and
instructional elements continue to be reported as influentcial
considerations, studies of in-service teachers seem to illustrate
a continued demand for follow-up (i.e., coaching), in corder to
support positive attitudes toward science and as a consequence,
effective science teaching. This demand appears to be of far
greater frequency among elementary teachers.

2.3 Teachers and the Nature of Science
2.31 How well do teachers understand the nature of
science?

If teachers are to promote an adequate understanding of the
interdependent relationships among science, technology, and
society, it is paramount that they possess an understanding of
the nature of science and the ways that scientists go about
generating new knowledge. The enhancement of this understanding
is a continuing concern of science educators. Two doctoral
dissertations and several other research reports considered this
issue.

Mikael (1987) examined the perceptions of 29 pre-service
secondary science teachers about the nature of science using the
Nature of Scientific Knowledge Scale (NSKS) and the Process
Orientation to Science Scale (POTSS). Entry 1level results,
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assessed prior to enrollment by students in a secondary science
teaching methods course, indicated that students possessed an
adequate understanding of the following NSKS subscales: (1)
developmental; (2) testable; and (3) parsimonious. However,
after methods course instruction that contained explicit
instruction on the nature of science, gains were not uniformly
significant for any of the six subscales of the NSKsS. In
addition, the total NSKS scores were significantly correlated
with total PoTSS Scores, but were not significantly correlated
with other study variables.

In a related study, Blakely (1987) explored the
understanding of the nature of science among 91 middle school
teachers. Data were collected using the Test of Understanding
Ycience (TOUS) as well as a survey to assess several demographic
variables. Although middle school science teachers scored higher
on TOUS than their non-science counterparts, an item analysis
indicated that (1) at least 25% of the science teachers failed to
Ccorrectly distinguish science from technology; (2) failed to
discriminate among laws, theories, and hypotheses; (3)
misunderstood Cooperation among scientists; (4) believed that
Chance and trial and error were major factors in scientific

research efforts; and (5) were unclear of the overall aims of
science.

3

administered to 18 tenth~grade biology teachers as a pretest and
a8 posttest to control for any changes in their conceptions
during the investigation. With the exception of down time, none
of the 44 classroom variables significantly differentiated
between the 'high' and 'low teachers. Thus, the data of this
investigation did not Support the prevalent assumption that the
classroom behavior of the teacher is directly influenced by his

or her conception of the nature of science. The most intriguing
result.of this investigation was the failure of those classroom

of science and specifically targeted teaching behaviors/skills in
Pre-service and in-service 5cience~teacher education to
Successfully promote more adequate conceptions of the nature of
science among science students.

-nétta and Cheng (1987) provided a discourse on an
alte: .tive means for examining the nature of science using the
ancie.t Chinese concept of tai-chi. Tai~chi recognizes that
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although there may appear to be dualistic perspectives, one
perspective considered without its counterpart loses its richer
and more universal meaning and/or balance. The authors proposed
that many science education issues such as theory and practice,
static and dynamic, lecture and lab, content and process, etc.,
should be examined together as single, more comprehensive
entities rather than as individual components.

A reflective summary of the relationship between science
teaching and values clarification was undertaken by Thelen
(1987). The report contained an articulate representation of the
problems associated with attempts to more accurately portray
science, how scientific knowledge is generated, and how classroom
science instruction often fails to take cultural values into
account in presenting scientific theories. The author accurately
described that decision-making, intelligent conclusion-reaching,
and action-taking depend on scientific investigation, the method
of the investigation, and the place for scientifically-based
beliefs in the domain of reason. The author concluded that the
opportunity to examine scientific values, make critically
reasoned judgments about them, and illustrate the process of the
selection of criteria to evaluate conflicting perspectives as
objectives in science education were goals of contemporary merit.

Shuell (1987) provided a reflective interpretation of the
influences of cognitive psychology and conceptual change and
their implications for the teaching of sciencr The author
distinguished two components engendered by a’ learning from
instruction, the learning in which stucdents engage and the
teaching in which educators engage. With respect to this
distinction, the author discussed four areas of concern to
science education: (1) the nature and role of knowledge; (2) the
active, constructive nature of learning; (3) the descriptive
nature of science versus the prescriptive nature of teaching; and
(4) the relationship between general principles of learning and
teaching. The author concluded that alternative conceptions held
by students, teachers, and researchers for any task were
potentially quite differen. from one another. Awareness of the
alternative conceptions held by all parties in the teaching and
learning process was important 1f improvements in science
education as a discipline were to occur on a long-term basis.,

2.32 What are teachers' thoughts and perceptions
about Science—Technology-Society curricula?

Bybee (1987) reported a survey of science educators in the
United States which addressed general issues related to Science-
Technology-Society (STS). Responses clarified several issues
within the current debate and, more importantly, provided a basis
for answering some basic questions about the STS theme and
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science programs. According to the findings of the survey,
science educators (1) ranked population growth, water resources,
world huager and jood resources, air quality and atmosphere, and
war technology as the most important STS issues; (2) indicated
that most social problems related to science and technology would
become worse by the yYear 2000; (3) were most knowledgeable about
population growth, energy shortages, and water resources; (4)
were least knowledgeable about mineral resources, war technology,
hazardous substances, extinction of plants and animals, and
nuclear reactors; (5) indicated that elementary and middle
schools were teaching very 1little or nothing about 8TS issues;
(6) pointed out that high schools and colleges were teaching some
information about grs issues; (7) Suggested that it was fairly
important to study STS issues in elementary schools; (8)
maintained that it was important to study STS issues in middle
school; (9) indicated that it was very important to study STS
issues in high school, college, and adult education; (10)
Suggested that the minimunm peércent of instructional time
emphasizing STS issues in elementary, middle, and high schools
should be 10%, 15%, and 20% respectively; (11) implied that
courses in which STS issues were bresented should be required of
all students; (12) Suggested that science and social studies
aspects of STS issues should be incorporated into one course;

about STS issues have progressed from 'not prominent' in the late
1950s to 'moderately prominent' in the 1last Years of this
century. Bybee commented that the views of science educators in
the United States supported the contention that the Science-
Technology~Society theme was established in contemporary science
education. Because the STS theme was a part of science
education, it was clear that there yere implications for
curriculum and instruction, teacher education and developing

public support for teaching about Science-Technology-Society in
school programs.

Bybee and Bonnstetter (1987) conducted a survey of science
teachers to ascertain their perceptions c¢f global problems,
policy issues, and récommendations for curriculum and instruction

confronting the task of implementing new concepts of scientific
and technological literacy into school programs. Recommendations
included: (1) implementation of in-service, workshop, and summer
programs as well as ccllege courses; (2) publication of theme
issues in professional journals; (3) creation of an informational
clearinghouse; and (4) financial support for implementation
activities,

A naturalistic research design was used by Pantone (1987) to
study the perceptions of janior high school science teachers
toward the implementation of a Science-Technology—Society (STS)
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curriculum. The intent of this investigation was to identify and
validate critical factors, using triangulation data collection
methodology, occurring among 14 "junior high science teachers.
The foci were: (1) on-site classroom cbservations; (2) clinieal
interviews with teacher participants; and (3) a course-related
documents analysis. Data analysis indicated Ffive critiecal
factors which all participants perceived to be important with
respect to the implementation of a Science-Technology-Society
curriculum as follows: (1) content concerns; (2) frustrations
with student populations; (3) evaluation uncertainties; (4)
discomfort with grouping; and (5) teacher role uncertainty. The
author noted that until these critical factors are systematically
addressed, teachers may not view a Science-Technology-Society
curriculum as possessing sufficient validity to promote its
implementation as a viable alternative to more traditional
curricular models.

Mikael and Blakely (as well as Lederman and Zeidler) cited
the need for an increased emphasis on the philosophy of science,
without which, science teachers run the risk of presenting an
inaccurate view of the nature of science, scientific knowledge
generation, and discernment betyeen science and technology.
Bybee reported on the major Science-Technology-Society themes
that should be inteqrated within instructional practice, and
Bybee and PBonnstetter discussed a sound rationale for the
inclusion of Science-Technology-Society themes 1in science
teaching practices. However, Pantone noted a high degree of
concern and resistance among science teachers, regarding the
validity of the STS alternative. A lack of comprehensive
understanding of the nature of science may well be an impediment
associated with the perceptions of teachers about enhanced
curricular alternatives and their willingness to adopt them,
especially those that consider science teaching from a Science-
Technology-Society theme. Such a position was supported in the
reflective analysis performed by Thelen.

2.4 Research Interests
2.41 What are the research interests of elementary
teachers?

Gabel, Samuel, Helgeson, McGuire, Novak, and Butzow (1987)
reported the results of an in-depth survey which examined the
research interests of elementary teachers. The present study was
conducted as a companion to a previous effort which focused on
secondary teacher research interests. The Likert-type instrument
used to conduct data collection consisted of 28 items, for which
an alpha reliability of 0.80 was reported. The data were
dichotomized as '1' (important) and '0' (not important), which

33

45

s




***** T

produced two groups of response categories whose frequencies
could be compared. The Cochran Test was used to identify
potential differences in pPerceptions among elementary teachers
regarding the importance of 28 research topics. Significant
differences were detected for the 28 items, when anclyzed
according to the demographic information collected. Results
indicated the top five research interests were: (1) hands-on
experience; (2) science content; (3) cognitive development and
learning styles; (4) problem-solving; and (5) teaching
strategies. The authors also indicategd the potential
significance of research topics selected with the icast degree of
frzquency, which consisted of research on sex differences and
Science misconceptions research. The authors noted the lack of
interest by elementary teachers for research on sex differences
as- highly disconcerting, especially since the sampled teachers
were predominately women. This finding was, in addition, also
reported to be the lowest priority for the previous study on
Ssecondary teacher research interests.

2.42 Should teachers be researchers, too?

Good and Smith (1987) presented the argument that science
teachers should visualize themselves as researchers as well as
teachers in order to improve their own teaching and their
students' learning. The authors focused on research in problem
solving and reviewed briefly several trends such as the
information processing approach, expert-novice differences, and
the use of non-standard problems to study misconceptions. Next,
they discussed methods and techniques that teachers could use in
the classroom to study the problem solving capabilities of their
studants. Included were pair problem solving, the think-aloud
technique, and diagnosis of student difficulties.

Inquiry on the research interests of teachers is sorely
needed. Yet, only two studies were reportied during 1987. These
studies indicated that the research interests of teachers were
centered around classroom variables such as learning styles,
problem-solving, and teaching strategies. 1TF dearth of studies
concerning research by teachers is particularly significant
considering the emphasis by national science associations on
bridging the gap between research and practice. Certainly
involvement by teachers in research can enhance these efforts to
bring what we know in line with what we do.
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2.5 Professional Behaviors

2.51 What personal characteristics serve as
influential determinants of professioral
teaching behaviors?

We consider here a wide variety of teacher characteristics
relative to concerns in evaluation, curriculum, instruction,
teaching environment, functional paradigms, and reading patterns.
Although these studies could quite easily be subsumed under other
rubrics, they are summarized here in terms of qualitative
professionalism.

In noting that it is increasingly difficult to maintain
currency in the wake of continuing advances in scientific and
methodological practices, Koballa (1987) examined the
professional reading patterns of 136 Texas middle school 1life
science teachers. Data were collected by means of a 1l12~item
survey, which included teacher demographics, factors affecting
instruction, needs for teacher assistance, types of teaching
techniques, informational Sources regarding new scientific
developments, and equipment/material availability. Of the 136
teachers surveyed, 46% indicated professional journals/
periodicals to be very useful as sources of information
concerning new developments in 1ife science. The journal
perceived by teachers as most popular was The' Science Teacher,
followed by Science 85, National Geographic, and Science World.
Notable omissions, those journals reported as possessi~. »oo0r
readership, included Science Scope and American Biology Teacher.
The former was noted by the author witn considerable dismay,
especially since it was specifically intended for the middle
school science teacher. Finally, Koballa reported that no
significant relationships existed between reading practices and
any of the demographic variables.

Continuing on the same theme, KRoballa (1987) conducted a
descriptive study on the science-oriented journal reading habits
of elementary teachers in central Texas. His purpose was to
expand the database regarding science reading habits of teachers.
A thirty~-item questionnaire was designed to collect data
regarding science reading habits. Items were organized into
three sections: (+) teaching demographics; (2) time spent
reading science journals; and (3) titles of 22 science-oriented
journals. Two hundred thirty-seven (237) elementary teachers
participat~d in the study. Of the sample, 202 were Ffemale.
Eighty~-seven (36.7%) reported that they typically did not read
science-oriented journals, Eighty~four (35.4%) reported reading
science journals from 1 to 30 minutes per week while sixteen
(6.8%) reported reading them 31 to 59 minutes per week. Twenty-
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two (9.3%) teachers read science-oriented journals from 60 to 120
minutes per week and 28 (11.8%, read for more than 120 minutes
per week. Relationships between time per week and gender, degree
attainment, size of district, and teaching experience were found
not to be significant. Fowever, a significant relationship was
found between time spent per week and grade level taught, with
teachers of grades 4 through 6 spending more time than teachers
of K through 3.

Ayers (1987) reported a study that analyzed six primary
science education journals published in 1985 and compared the
results with baseline data collected in 1970. fThis comparison
indicated that the amount of material published per year during
that period increased, with additional emphasis on methods of
teaching.

Corcoran (1987) investigated the influence of natural
history curriculum materials upon science teaching behaviors. A
volunteer population of 140 teachers, who had previously
responded to a survey of needs, was selected for this formative
evaluation study. It was reported that teachers who had been

active in out-of-doors éxperiences as children and who had

materials.

In a study of two different science teacher education
programs, Conrath (1987) identified teacher characteristics and
contextual variables that were related to -attitudes toward
inquiry, use of inquiry in the classroom, and use of effective
classroom management strategies. The comparison groups for this
study consisted of 51 full-time teachers who received teacher
certificatior within the last five years and were graduates of
one of two teacher education programs, a traditional
undergraduate or a post-~baccalaureate degree program. Post-
degree graduates were reported to possess significantly greater
positive attitudes toward inquiry and inquiry-oriented laboratory
preparation. No significant differences between groups were
found, however, for either effectiveness of classroom management
practices or for the use of inquiry tcaching behaviors.

In a closely related study, Stalheim (1987) surveyed 398
high school biology teachers from an eleven state region. The
intent was to identify professional teacher behaviors that might
be significant predictors of their use of inquiry laboratory
activities. Qualitative data were collected by means of a 66-
item survey questionnaire. Results indicated that inquiry
teaching was more a product of the level of personal motivation
possessed by an individual teacher and the strength of that
teacher's curiosity about the natural world than it was the
product of education and training.
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Turner and Turner (1987) surveyed 158 faculty members at 36
universities in the United Kingdom to determine the emphasis
pPlaced on science education in a multicultural society as a
feature in science methods courses. Forty-six (46) faculty
members at 30 universities responded. Only seven universities
devoted a full day or more to the issue of multiculturalism. The
authors found that very few faculty members actively considered
the multicultural aspects of their subjects. Many expressed the
opinion that multicultural issues were important, but that they
did not know how to approach them or did not have sufficient time
to address them. The authors suggested that teacher training
needs to emphasize the issues raised by a multicultural society.

Jungwirth (1987) tested secondary pupils, student teachers,
and teachers from 1Israel, Australia, and South Africa to
determine their critical thinking ability. Participants
responded to a test that included eight categories of logical
fallacies relevant to science education. Jungwirth found thut
most respondents either picked a logical fallacy or attended to
contextual aspects of a problem instead of selecting the
logically sound conclusion. The author concluded that the
concept ‘'control of variables' was either not learned or not
internalized because respondents chose pliausible answers instead
of testing for validity. Respondents relied heavily on personal
knowledge and did not respond to logically parallel situations in
similar ways. The author arqued that teachers must be able to
think 1logically and Ccritically themselves in order to help
students develop their own thinking skills. Therefore, teacher
training needs to emphasize the importance and development of
critical thinking skills.

Two additional studies performed an assessment of
professional behaviors and teacher Characteristics relative to
the respective functional paradigms used by exemplary secondary
biology and chemistry teachers.

To interpret why exemplary high school biology teachers and
their classrooms function so successfully, Tomkiewicz and Abegg
(1987) performed an assessment of functional paradigms of
experienced teachers. A sample of 28 biology tea. bers,
identified as outstanding teachers and possessing high degr:zs of
professional involvement, were selected as participants. The
intent was to determine commonalities that existed among these
teacher participants with fespect to recognized traditional role
eXpectations of teachers: (1) teaching; (2) leirning
facilitation; (3) curriculum development; and (4) gover ince.
Data were collected by means of modified clinical interview
techniques supplemented by a variety of questionnaires. The
authors reported functional paradigms for the following
categories: (1) teacher; (2) curriculum; (3) student; and (4)
governance.




Lantz and Kass (1987) performed a qualitative research study
to identify the functional paradigms of secondary chemistry
teachers. Observations and interviews were conducted on three
teachers who were representative of a range of esxperience and
school settings. Each school was visited five times over a four
month span of time. The curriculum Program ALCHEM was selected
as a specific context for the study. Results indicated that
although differences existed among the three teachers with
respect to how they interpreted curriculum materials, the use of
the functional paradigm concept in resrarch allowed for
variations in individual beliefs, values, techniques, exemplars,
ard routines; commonalities were far greater than differences
among individual teachers. The authors also found that teachers
placed a greater value on teaching theoretical chemistry and a
relatively low priority value on teaching either the nature of
science or Science-Technology-Society themes. Finally, the
authors reported that teachers modified curriculum materials into
classroom practice on the basis of pedagogical efficiency,
academic rigor, and student motivational levels for which the
curriculum materials were intended. 1Implications were reported
regarding an increased awareness by curriculum developers and

Although pre-service and in-service teachers were reported
to possess an adequate understanding of the nature of science,
teachers at both levels not only fail to make additional gains in
an understanding of the nature of science after the completion of
undergraduate study, but they also seem to regress in their
ability to demonstrate a comprchensive understanding of the
distinctions between science and technology and the overall aims
of science. Such a lack of inderstanding of the role of science,
its philosophical premises, and consequential impacts on
technology and society may be a critical factor in developing
professional inguiry teaching behaviors, the reported patterns of
elementary teachers' research interests, and the relatively low
Priority reporteda for teaching either the nature cf gcience or
Science-Technology-Society themes. Moreover, if we accept Linn's
(1987) observations concerning the learner as an active
coenstructor of knowledge, then we must also tonsider the
implications +hat a constructivist's view of learners and
learning has for teachers and teaching. At the outset of this
Commonplace, we noted Linn's position, that a new view of the
teacher and of teaching is emerging, that this view stands in
contrast to well entrenched principles of teacher education, that
much of teacher education reflects the premise that general
pedagogical skills can be applied independent of Subject mattevy
and knowledge. Linn {rgues against this premise on the grounds
that specific subject matter knowledge is required and integral
to effective teaching. Teachers cannot design ind carry out
instruction that helps learrers to construct discipline-centered
knowledge without having such knowledge themselves.
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2.6 Professional Concerns

2.6], What are the most important professional
concerns of teachers?

Barker (1986) conducted a study designed to identify major
work place variables that affect job satisfaction within
educational organizations and to utilize these variables to
construct an intervention framework grounded in the principles of
the Quality of Worklife (QWL) paradigm. The QWL wvariables
perceived as most important were the extrinsic factors of
resources, support systems, and work load. Those perceived as
least important were recognition, inclusion, and growth, all
intrinsically related to work place satisfaction. QWL variables
viewed at a relatively high level of satisfaction were sense of
achievement, resources, job enrichment and support systems.
Areas of least satisfaction included growth, status, and formal
rewards. Several significant relationships existed between
demographic factors representing age, experience, salary, and
level of education and the QWL variables of highest concern.
Based upon the findings, a model was developed to integrate
aspects of the QWL approach with work place satisfaction.

Smith (1987) reported a demographic profile of Tennessee
secondary school science and mathematics teachers including their
general levels of job~related satisfaction, future plans,
perceptions of the extent to which they possessed certain skills
and abilities, the values which they placed upon certain job-
related variables, and their achievement in the teaching
profession as well as possible relationships among the variablas.
As a group, the science and mathematics teachers were highly
educated. Almost one-half of the teachers indicated that they
woul” be unlikely to choose education as a career again, and 35%
indicated that they anticipated leaving teaching. Teachers noted
that an improvement in extrinsic factors would improve their job
satisfaction. Regression analysis linked satisfaction with: 1)
valuing and achieving a sense of doing well; (2) recognition from
family, friends, students, administrators, and supervisors; (3) a
chance to contribute to important decisions; and (4) wvaluing
opportunities to learn. Satisfaction with teaching appeared to
be linked to intrinsic rewards. These teachers rated themselves
relatively low on their abilities to use computers and to analyze
printouts.

Jbeily (1987) studied the needs and concerns of English-
speaking public secondary physics, chemistry, and biology
teachers in the five geographic regions of Lebanon. A set of
three questionnaires was used to conduct the study, a demographic
questionnaire, a modified version of Moore Assessment Profile
(MAP), and an instrument based on the Concerns-Based Adoption
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Model (CBAM). All teachers repour i~ many high priority in-
service needs. All teachers had mostly medium level task
concerns involving issues related to management, efficiency,
organization, scheduling, time demands, adequacy of curricula,
and availability of instructional materials and laboratory
equipment. All had high level impacts cencerns involving issues
related to the impact of teaching on the performance and
competence of students, and changes needed to increase student
outcomes.

Gremli (1986) conducted a case study which examiaed the
implementation of a new inquiry-based, guided discovery science
curriculum in Singapore lower secondary schools and the resulting
changes in teacher and student roles and role relationships.
Gremli found little evidence of change during the first year the
program was implemented. This lack of role change appeared to be

students' limited command of English, and the meritocratic nature
of the education system as a whole. Potential for change was
further constrained by the fact that the curriculum materials
were not entirely consistent with the purported goals of the
program. Furthermore, inquiry teaching behaviors were neither
adequately explained nor appropriately modeled in the teacher in~
service experience. The results suggested that established role
relationships were indigenous to the research setting and were
unaltered by the implementation of the new program. Moreover,
they served to maintain existing patterns of role and role
relationships, rendering the kinds of changes anticipated by the
curriculum developers very difficult to achieve.

2.62 What are teachers doing in the classroom?

Gallagher and Tobin (1987) investigated the activities and
interactions of teachers and students in two Western Australian
high schools. This ethnographic study examined activity
strrctures, reward systems, teacher expectations, and disruptive
students. It also examined contrasting managerial styles of
three teachers. The authors derived several conclusions as
follows: (1) secondary science teachers equated task completion
with student learning; (2) a majority of class time was devoted
to whole-class instruction during which the pace of instruction
depended on the responses of 5-7 more able students; (3) teachers
held different expectations of their students during class work
and laboratory work; (4) the level of cognitive demand placed on
students during science classes and labs tended to be relatively
low; (5) students with poor achievement and motivation frequently
were problematic to secondary science teachers who offered
watered-down versions of regular classes to them; (6) disruptive
behavior often appeared to occur when the cognitive demand of
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tasks exceeded the capabilities of students to respond; and (7)
Preparation for examinations was continually reinforced by
teachers as the purpose of instruction, class work., homework, and
lab work.

Working on the premise that a lack of a Clear role
definition limits the effectiveness of the science supervisor
position and that any given role in an organization is perceived
differently by different groups or individuals, Madrazo and
Hounshell (1987) analyzed the role expectancy of the science
supervisor in North Carolina public school systems as perceived
by superintendents, principails, elementary teachers, secondary
science tearhors, college science educators, and supervisors
themselves. Results indicated significant divergence in role
definition for the science supervisor, especially concerning
evaluation functions. The authors recommended that science
supervisors should examine carefully the role expectations of the
various groups of individuals in their school systems. A clear
definition of the requirements and role description for the
position should serve as a basis for the training of supervisors
in general and science supervisors in particular. It was also
recommended that the role function of the science supervisor
undergo continuous evaluation. Only through reassessment of the
role expectancy.of the various groups involved will science
supervisors and other educational leaders keep abreast of
changing attitudes and perceptions concerning their roles.

Searles and KRudeki (1987) reported a study that determined
the level of agreement between Principals and teachers when using
established criteria to measure the effectiveness of a science
teacher. Results indicated that participating high school
principals and science teachers agreed on the relative importance
for most evaluative criteria. Using these results, the author
constructed a profile of the attributes of an outstanding science
teacher, and made recomme-dations to school board officials,
school principals, science ¢t achers, and researchers in the field
of education.

Affannato (1987) conducted a survey of high school biology
teachers in public and private schools to determine their
opinions about the teaching of evolutionary theory and/or the
creation model. Resulis showed that the religious preferences of
the respondents influenced their opinions more than did their
educational preparation. Most respondents indicated that the
specific ceontent of a biology course should be determined by
biology teachers, not by federal or state lesi iacive bodies.

Bush (1987) examined the rciationships between teacher
characteristics and science achievement for seventh grade
teachers in selected small South Carolina schools. Data
concerning the certification and education level of teachers were
compared with the mean normal curve equivalent score gain in

41

Al

-




science on the Comprehensive Tests of Basic skills (CTBS) from
grades 4 to 7. Analysis indicated no significant relationships
between any teacher characteristics and science achievement on
the CTBS.

Boyes (1987) reported an analysis of teacher interest in
science and mathematics recertification programs. The results
showed that 26.4% of the teachers studied were interested in
¢cience and/or mathematics recertification programs. However,
most of these potential recertification candidates were not
interested in pursuing recertification programs based on existing
school district contractual/policy decisions. Among the
alternatives presented, teachers were most interested in
assignment guarantees and full~time paid leave for study. In
terms of program design features, potential candidates preferred
college-based courses and a full tuition waiver or subsidy. The
most frequently cited reason for interest was job security.

Initial ané perhaps idealistic satisfaction with teaching as
a profession is certainly related to intrinsic revards; however,
as both Barker and Smith indicated, a maintenance of long term
satisfaction among experienced teachers depends largely upon the
need to perceive eventual extrinsic rewards as complements to
intrinsic reinforcers. Both authors noted that teachers desire
more oppor unities to contribute to the overail decision-making
process in schools. Their findings are consistent with the
conclusions of several national reform groups, which were
reported earlier in this decade. As a result of the diminishing

perhaps the conclusions drawn by Gallagher and Tobin should not
be surprising. The fact that teachers equate task completion
with student learning, instruction with test readiness, and a
predominance of whole-class instruction, seems to be symptomatic
of a sense of 1loss of idealism. Thus, without extrinsic
complements, many experienced teachers may begin to treat
teaching more as simply a job and less as a professional career.

2.7 Pre-service Teacher Education

Several studies were reported in 1987 which dealt with the
preparation of teachers. The topics and questions range from
evaluations of teacher education programs to the abilities of
pre-service teachers to deal with specific misconceptions. We
focus first on studies of pPre-service teacher education.
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2.71 Can standardized test scores predict success
in student teaching?

Olstad, Beal, and Marrett (1987) investigated criteria
currently used for admission and exit standards in student
teaching in order to identify effective predictors for student
teaching success. The authors exami.aed grade point average.
California Achievement Test of Basic Skills - total score, and
the National Teachers Exam Specialty Tests for chemistry,
physics, general science, and biology in order to predict student
teaching competence as measured by a performance -~ sed
assessment. The results confirmed previous research in that
standardized test scores were not effective predictors of student
teaching success.

2,72 What knowledge, skills, and attitudes are
importart for pre-service teachers?

Strawitz and Malone (1987) examined the acquisition and
retention of integrated process skills of pre-service elementary
teachers. The purpose of their study was to compare the effects
of two methods of instruction, teacher-directed and gelf-
instructional, designed to teach prospective elementary teachers
Lo acquire and retain integrated science process skills. Thirty-
two (32) female students were randomly assigned to one of two
sections of an undergraduate science methods course. Instruction
was provided by the teacher in the teacher-directed section,
whereas instruction was provided by written self-paced, self-
instructional materials in the self-instructional section. The
Test of Integrated Process Skills (TIPS) was used to measure the
acquisition and selection of integrated process skills. Results
indicated that the self-instructional method was significantly
more effective than the teacher-directed method. No breakdown of
the individual process skills was presented.

Zeitoun (1987) examined the competencies of pre-service
Egyptian biology teachers in identifying and correcting
misconceptions about photosynthesis., His purpose was to search
for relationships between each competency and background
knowledge, field independent/dependent cognitive style, and
previous experience of scoring student assignments or tests; and
to select the best predictors of each competency. Two hundred
(200) were selected from a pool of prospective teachers enrolled
in two colleges of education in Egypt. A study-specific
instrument was developed to assess misconceptions about
photosynthesis. The findings of this study implied that teacher
training programs should increase pre~service teacher
competencies in diagnosing and correcting miscouceptions of
students.
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In another study involving pre-service elementary education
majors, Hunn (1987) investigated the comparison between self-
concept in science teaching and the type of science methods
course taught. Central to this study was the development and
partial validation of the Self-concept in Science Teaching Scale.
A test-retest reliability of 0.94 and content validity with
Scott's coefficient of interrater reliability of 0.73 were found.
Students in a field-based science methods coyurse and a
traditional science methods course completed measurements of
self-concept in science teaching, general self-concept, locus of
control, and achievement in science. Additional academic data
included total hours completed, total hours in science completed,
total grade point average, science grade point average, and an
achievement test for the 100 subjects. Findings included strong
relationships favoring the traditional methods group on the
variables of locus of control, total hours of credit, and total
hours of science. The author also reported significant
differences among levels of self-concept in science teaching,
general self-concept, total grade point average, science grade
point average, and science achievement test. Factor analysis of
the items on the newly developed self-concept in science teaching
scale yielded three distinct factors: (1) general self-concept;
(2) quantification; and (3) memecrizing. A step-wise multiple
regression analysis predicted several contributors to tr: self-
concept in science teaching score, including general self-
concept, grade point average 1in science, methods course
achievement, and locus of control. The study indicated that
self-concept in science teaching was a worthwhile and measurable
construct.

The effect of an activity-based model on the reduction of
science teaching anxiety was the subject of a study by Goldsmith
(1987). This study introduced a structured teaching unit

‘consisting of eight hands-on activities to determine if breaking
down general concepts such as 'the scientific method' into
smaller units to be taught through process skill activities would
lower the anxiety of pre-service elementary teachers toward
teaching such material. Also, the author attempted to
characterize developmental antecedents by relating science
teaching anxiety with Type A behavior patterns. mTwo sections of
a science methods course ywere divided into experimental and
contrel groups. Four weeks of activities were presented to the
experimental group, while the control group received usual
instruction. Results indicated that anxiety towards teaching
Science was positively and significantly reduced in the
experimental group. Further, Type A behavior pattern had no
association with anxiety in this study.

Okeagu (1987) studied the effects of a science methods
course, including its field experience, on the attitudes,
concerns, and anxiety of pre-service elementary teachers toward
teaching science. The purpose of this study was to evaluate a
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science methods course as presently structured in terms of
effectiveness 1in producing a shift toward more desirable
affective responses. The impact of the entire course, changes in
the order of component parts, and inclusion of a field experience
were examined. The subjects of this study were pre~-service
elementary students in their third undergraduate year. All were
females enrolled in science (two experimental groups) or
mathematics (the control group) methods courses. Findings
indicated that the field experience comporient of the science
methods course did not significantly affect the attitude toward,
concerns, and anxiety about teaching science. Also, the
instructional phase of the course made a significant difference
on the impact of the concerns of the subjects. No significant
difference was found batween the experimental and control
groupsin terms of attitude toward, cencerns, and anxiety about
science teaching. Finally, placement of field experience at the
beginning or end of the science methods course did not produce a
significant difference.

A study by Anees (1987) focused on a meta-analysis and
partial validation of the attitudes toward science, science
teaching, and understanding the nature of science for pre-service
elementary teachers. A meta-analytical study of experimental
literature related to attitude toward science, science teaching,
and understanding the nature of science comprised phase one of
this research. ‘Studies of the last 25 years in four journals,
Journal of Research in Science Teaching, Science Education,
School Science and Mathematics, and Science Teacher, were used.
The second phase consisted of an experimental partial validation
involving pre-service elementary teachers regyarding the three
constructs 1listed above. In the meta-analysis phase, 348
citations were collected, encoded, and subjected to a series of
€xclusion analyses to determine common statistical denominators.
This step resulted in the reduction to 188 citations. A final
yield of 16 citations was then statistically treated to calculate
a delta index of 0.959 (SD = 1.425). Ir the experimental phase,
three instruments, a science attitude scale, an understanding the
nature of science scale, and a study~-specific pre-service
elementary teacher attitudes toward science teaching scale, were
administered to 71 pre-service elementary teachers who were
exposed to three different instructional sequences as follows:
(1) Science Process-Content Methods-Field; (2) Science Process-~
Methods; and (3) Methods. Findings indicated that field
experiences had 1little influence on students' attitudes toward
science teaching. The three groups were significantly different
with respect to their understanding of the nature of science. No
significant differences were found in terms of attitudes toward
science and attitudes toward science teaching.

45




2.73 What are the strengths and weaknesses of
teacher education programs and their
faculties?

An evaluation of the science teacher education program at
the University of Iowa was conducted by KRrajcik (1987). As one
part of this longitudinal study, students of 39 program graduates
completed a questionnaire which measured their attitudes toward
science teachers, science classes, and the study of science.
Analysis of additional attitudinal data from 2,871 students
indicated both favorable and unfavorable results. For example,
89% of the students perceived their teacher as asking questions
and £J% perceived their teacher as letting them ask dquestions.
However, only 32% of the students perceived their teachers as
taking personal interest in them. 1In another part of the study,
30 program graduates completed the 1985 National Survey of
Science and Mathematics Education. These responses provided
information on objectives, teaching strategies, equipment use,
time allocation, and text uyse. Responses were compared to a
Select nationai sample of teachers invited to NSF~funded Honors
Workshops in 1985. Analysis of the responses indicated that both
Iowa graduates and Honors Workshop teachers had similar cnurse
objectives and teaching strategies, used materials and equipment
for a similar amount of time, and allocated class time in similar
ways.

An ethnographic study designed for program evaluation was
conducted by Perkins (1987). The program was non-traditional ir
that it integrated knowledge and skills from a variety of
academic areas, including communications, field biology, and

natural resource management, Analysis of the participant
Observational data was done in terms of program goals and issues
surrounding the teaching and study of science. Thirty~-six

students participated in the study. Results indicated that while
the program Planners intended to provide an integrated
curriculum, there ywere several shortcomings. These included a
lack of consideration for the complex nature of integrating
curriculum on the part of the planners, minimal cooperation
between program faculty, minimal coordination between courses,
faculty did not prepare students to analyze and synthesize
information, 1little direct help from faculty to help students,

Professional preparation and responsibilities of pre-service
elementary science methods faculty were examined by Barrow
(1987). The author collected data concerning the professional
preparation, related work load responsibilities, elementary
teaching experiance, as well as demographic information about
each faculty member. A 77-item questionnaire was designed and
reviewed by 3 elementary science education faculty to determine
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validity. Instruments were mailed directly to 91 elementary
science methods instructors from 8l institutions in 6 New England
states. Fourteen institutions did not offer elementary scienca
methods and were dropped from the study. After a follow-up
letter, a return of 59% yas obtained. Findings indicated that
larger institutions had the highest percentage of trained science
education faculty (75%). Moreover, 14% had taken nine or less
hours in science content. The majority of the respondents had
elementary teaching experience. In terms of gender, 33% were
female and 67% male. Mean age was 46.9 years, and 61% had
obtained a terminal degree. 1In terms of course load, 54% taught
one section of elementary science methods per year; 1ll% taught
three or more such courses. Only 33% had published an article
within the last two years.

In a related endeavor, Barrow (1987) gathered demographic
data about New England teacher education institutions and their
programs. Specifically, data were collected about the amounts
and types of science content, science processes and methods,
science teaching techniques, effectiveness, of science
preparation and general preparation as an elementary science
ceacher. A 28-item Survey was mailed to all 97 teacher education
institutions in New England. There was a 83% return rate on the
survey. Almost 50% of the responding institutions were private,
with 19% being church affiliated. The results underscored the
fact that New England pre-service preparation were generally
inferior to programs in the 50 largest teacher education programs
across the nation. For example, 26% of New England institutions
did not require the completion of methods in science courses.
However, New England programs provided greater options in the
choice of science courses for students.

Barrow (1987) also gave a descriptive report of science
teacher education programs in New England. He reported that most
institutions were not meeting NSTA or NCATE standards for science
teacher preparation, but most administrators claimed to have
excellent or good preparation programs. Other findings suggested
a future shortage of science teachers, especially in the area of
chemistry and physics. La3t, the results indicated that science
teachers were not being trained in the area of Science-
Technology-Society.

Prather and Shrum (1987) discussed the need for an increased
emphasis on science education for out-of-school adults. They
bresented a historical overview of the change in the nature of
the American work force and examined problems to be encountered
in the preparation of science teachers to fill this anticipated
demand.

In response to an alarming trend toward emergency and
temporary certification practicas and critical shortages of
qualified prospective scie.ice teachers, Moore (1987) providad a
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reflective analysis comparing traditional and enhanced programs
of preparation for teaching science. To enhance the quality of
Sscience teacher preparation, Moore (1987) made several
suggestions, as follows: (1) develop a nationally recognized
Certification program for science teachers; (2) promote the
establishment of science teacher education as a five-year program
resulting in a Master's degree upon its completion; (3) develop
more stringent criteria for admission to the teaching profession
at the undergraduate lavel; (4) establish greater cooperation and
articulation between higher education and public school science
teachers; and (5) utilize multiple evalu. tion techniques to
assess science teacher competence throughout undergraduate
experiences. Many of the above suggestions were consistent with
policies adopted by the National Science Teachers Association,
parameters promoted by several national reform initiatives issued
earlier in this decade, and recommendations alluded to by
prominent educators such as Goodlad (1984). The author concluded
that such a search for excellence must be viewed as more than a
passing fad and called for the return of a general respect for
the profession of teaching with specific reference to science
teaching.

Research on pre-service teacher education included
investigatiors on student teaching, affective attributes, and
Pre-service programs. Only one study involving student teaching
was reported. This study confirmed that standardized test scores
are not effective predictors of student teaching success.
Studies involving knowledge, skills, and attitudes of pre-gervice
teachers suggested that field experliences had no effect on pre-
service teachers in terms of attitude toward science, science
anxiety, or science teaching. These studies are both confirmed
and disputed by previous research. Another study developed and
validated an instrument to measure science self concept. Results
indicate that this instrument will be an important contribution
to pre-service science teaching research. Reduced anxiety in
pre-service science teachers was the target of another study. In
this investigation, activity-based science instruction reduced
science teaching anxiety. Finally, several studies were
conducted involving pre-service science programs. In one study
science education graduates were compared with a national sample
of honors workshop participants. No major differences were
found. Professional Preparation of science education faculty and
teacher education programs in science :ducation were the targets
of two studies in New England. Most results of these studies
were not surprising. Many faculty (40%) did not have a terminal
degree and only 33% had published. Generally, most institutions
weére not meeting prescribed standards, These studies were
restricted to the northeast and should not be considered
generalizable to other areas.
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2.8 In-sexvice Teacher Rducation

The continuing education of practicing teachers was the
subject of several studies during 1987. Topics ranged from the
organization and evaluation of staff development workshops to the
needs of teachers concerning professional development. We begin
with a focus on evaluation.

2.81 What effects are observed in staff
development programs?

Staff development and science teaching was the subject of a
study by Bowyer, Ponzio, and Lundholm (1987). The purpose of the
research was to focus on staff development delivery variables in
the context of science teacher workshops. Specifically, the
authors studied the effects of variations in workshop design on
science teachers' intentions to use the new ideas in their
classrooms and effects of sponsorship and leadership variables on
the selection of staff development workshop designs, The
theoretical framework for staff development used in this study
was based on Piaget's work on the development of logical thinking
in adolescents. Written staff development materials used to
communicate these concepts were taken from KRarplus, Lawson,
Wollman, Appel, Bernoff, Howe, Rusch, and Sullivan (1977).
Results suggested that 8 to 16 hours was a minimum amount of time
spent in workshops for staff developers to consider if teachers
were likely to use the content in their classrooms. The workshop
design option providing opportunity between workshop sessions did
not differentially affect teachers' repcried intentions to use
the content in their classes. The authors also reported that
their data suggested distinct advantages in having workshops
sponsored by school districts rather than organizations.
Finally, the importance of a strong, active administration to
negotiate the more useful staff development options was suggested
by the data.

An evaluation and analysis of a cumulative elementary
science staff development program was conducted by Stone (1987).
The purpose of this study was to examine the effects of
combinations of four gtaff development activities that were
extensions to a summer workshop in science on the confidence in
and the commitment to teaching science by the workshop
participants. Confidence was assessed by using the State-Trait
Anxiety Inventory and commitment by using a scale from the
Science Council of Canada's Questionnaire for Teachers of
Science. The study involved 67 teachers from 18 schools
representing 9 districts in a metropolitan area. Subjects went
through a self-selection process., Activities were cumulative
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beginning with no activities for the first group, one for the
second, two for the third, etc. The activities were: (1)
attending a 1local science teachers conference; (2) receiving a
monthly newsletter; (3) participating in team meetings each
month; and (4) being observed two times by a science education
expert while teaching a lesson. Results indicated that follow-up
activities contributed to increased commitment to teaching
science for teachers who had attended other in-service training
sessions, Confidence in teaching science was seemingly not
affected by follow-up activities. Years of experience were found
to enhance teachers' confidence in teaching science.

Zielinski (1987) investigated the effects of two models of
science in-service education on the acquisition by participants
of knowledge and stages of concern profiles. In addition, the
students cf participating teachers were evaluated for their
acquisition of knowledge. The independent variable was the mode
of in-service training. One in-service program placed the
participants in an active learning role while the other allowed
them to bz passive learners. Each mode consisted of four, 1-1/2
hour training sessions emphasizing the knowledge and skills
necessary to implement a new energy science curriculum. The
dependent variables included acquisition of knowledje, changes in
stages of concern profiles, and acquisition of knowledge by the
students of participants. A pPretest-posttest design was used.
The sample consisted of 20 teachers and 53 intact classes. No
significant differences were found between active and passive
experimental treatments on the teacher knowledge and student
knowledge variables. The teacher passive group had a significant
increase in knowledge. Significant changes occurred within and
between experimental groups on the stages of concern variable.

The investigation of teacher change and student attitudes
through the use of the Concerns Based Adoption Model was the
subject of a study by Merrick (1987). This investigation
utilized the Concerns Based Adoption Model to design and
implement science in-service training for 31 K-9 teachers.
tages of Concern, Level of Use, and Innovation Configurations
data were collected. These dimensions were placed on a best fit
matrix to determine teacher needs. Matrix use identified
training interventions matched to diagnosed needs. Six 2-1/2
hour training sessions were conducted over a seven week period.
In addition, teachers completed 14 hours of personalized tasks
related to their perceived needs and personal priorities.
Science attitudes of the teachers' students were also obtained.
Significant findings included pre- and post-training concerns
differences, directional change in teachers' concerns, and
increased use of innovation components during training.

Pendarvis (1987) studied the impact of integrated process
skills training for teachers. The purpose of this study was to
assess the impact of an in-service program, Teaching
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Experimenting to Mississippi Teachers (TEMT), on integrated
process skills and anxieties toward teaching science and teaching
experimenting for junior high science teachers. Also, skill
acquisition and attitudes of the students of these teachers were
studied as a measure of teacher classroom performance. The
teacher population consisted of 70 junior high science teachers
from 9 districts. The treatment group, 40 teachers, underwent
extensive integrated process skill training, whereas the control
group of 30 teachers did not. A population of 344 students were
in classes of teachers in the treatment group, while 202 students
made up the control group. Based on the findings, the following
conclusions were drawn. The TEMT program (1) significantly
reduced anxieties of teachers regarding teaching science and
experimenting; and (2) significantly improved the integrated
process skills of teachers. Moreover, the unit emphasizing
integrated process skills significantly improved acquisition of
these skills by junior high students. Finally, this unit did not
affect students' attitudes related to science.

The purpose of a study by sSalas (1987) was to contribute
ideas toward improving the effectiveness of chemistry teachers of
Costa Rica. A review of teacher education literature was
followed by the planning and implementation of an in-service
workshop. A theoretical in-service model and syllabus resulted.
This model was composed of five interdependent programs. No
information as to the testing and/or validation of this model was
made available.

While, Hendrix, and Mertens (1987) reported the findings of
an in-service effort dealing with bio-social goals and human
genetics. This research focused on selected teaching practices
of biology and life science teachers who participated in one of a
series of summer science worksheps held in 1978, 1979, 1980, and
1981. The ex post facto design employed a study-specific
questionnaire to examine content and methods used by the
criterion group of NSF workshop participants and a control group.
The criterion group consisted of 108 teachers from four
contiguous states who had completed the workshop from 1978 to
1981. The control group consisted of 201 randomly selected
teachers with similar backgrounds. Final results were based on
data provided by 217 teachers after purging respondents with
dissimilar teaching backgrounds. The subjects were 72.4% male
and 27.6% female. Teachers in both groups indicated that they
stressed the use of biological concepts to interpret human
concerns. Teachers jin the criterion group tended to delete non-
human topics and incorporate more human topics. NSF participants
also made significantly greater use of outside speakers.
Finally, NSF participants appeared to rely cn non-textbook
material and techniques more than did their control group
counterparts.

5l

e
h:




Evaluation of a teacher in-service training wrogram in
physical science was the topic of a study by Lawrenz (1987). The
purpose of this endeavor was to describe and evaluate an in-
service program for elementary/junior high teachers, thereby
permitting future efforts to capitalize on its strengths ang
veaknesses. First, master teachers were identified. Next, these
teachers attended a summer institute, and, finally, these trained
teachers offered science in-service training in their 1loecal
districts. Twenty (20) teachers were selected from a pool of 41
applicants. After one dropped out, 19 teachers, 11 men and 8
women, comprised the population. Three hundred and thirty (330)
teachers enroiled in the local district classes. The summer
institute teachers were pre- and posttested for science content,
attitude toward science, and beliefg about science teaching. A
random sample of 4th and 7th grade students of tcachers in tha
fall classes was also pre-= and posttested. In the summer
institute, physical science was met with dissatisfaction. Pre-
and posttesting indicated that participants glined in their
beliefs about teaching science but dropped in terms of their
attitude toward science. While conducting local classes, their
attitudes were recharged to reflect positive feeling. In the
local classes, the teachers viewed the program positively. Pre-
and posttesting revealed positive effeqts, The teachers zlso
improved in content rncwlcdge.

Maoldomhnaigh (1987) examined the effects of a five day
-ourse on the teaching methods of Irish primary teachers. The
Course included hands on experiences, discussions, and work cards
that listed the content and procedures the teachers explored
during the workshop. Two cohort groups were compared. The first
group (N=15) took the course in 1983 and reported a significantly
greater number of hours devoted to experimental science in the
Classroom than the second group (N=16), which took the course in
1984. There was a significant increasc inm the rmumber of hours
that both cohorts spent on experimental science after the course.
The author suggested that these increases pointed out the effect
of the in-service courses.

2,82 What do teachers report as important needs
for their prafessional growth?

was established at James Madison University on July 1, 1984 with
funding from the State vouncil of Righer Education in Virginia.
This project was a cooperative effort of the university's
mathematics and science departments, some departments of the
college of education and human services, and 22 school divisions
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in the Shenandoah Valley region. A needs assessment of the 22
school divisions identified general major needs, listed as
follows in order of priority: {l) content courses for both
elementary and secondary teachers in the content areas of science
and mathematics; (2) curriculum development in science and
mathematics; (3) science activities for primary ard elementary
grade students; (4) resource guides for teachers which describe
available instructional television (ITV) programs, computer
software, and human resources to complement thke science and
mathematics curricula; (5) cconference for high school students at
the University in the areas of science and mathematics; and (6)
funds to purchase needed equipment and materials. Additional
needs were identified by some school districts.

Al-Mossa (1987) conducted a needs assessment of Saudi
intermediate school teachers of science. The purpose of the
study was three~fold: (1) identification and adoption of a
reliable and valid needs assessment; (2) use of the instrument to
assess perceived needs of science teachers; and (3) use of the
instrument to examine potential differences in these perceived
needs regarding respondents' role variable and teachers'
variables. The final Arabic version of the STIN Form B was
validated ané distributed to 192 science teachers, 40 principals,
and 43 science supervisors. An interview was used as a
supplemental instrument to elicit more information and to obtain
more information as to the content validity of the main
instrument. Using descriptive statistics, the top 25 needs were
determined. Factor analysis techniques were used to make an
accurate identification of factor needs and to support the
construct validity. This analysis resulted in fifteen factor
needs which were obtained from the six categories of the ::IN-B,
one factor at a time. One-way analysis of variance indicated
that a significant relationship existed between the intensity of
the professional needs of science teachers and the location of
their school (rural and urban), nationality, their attendance at
in-service programs, and their educational level.

In another international study, Adi (1987) looked &t the
perceiv:d in-service training needs of science teachers in public
secondary schools in Indonesia. This study gathered the
perceptions of teachers, administrators, and teacher educators
regarding the in-service needs of science teachers. Respondents
included 133 senior seconldary teachers, 19 teacher educators, and
23 administrators. Each rated the dagree of needs of science
teacher in-service competencies, as mandated by the Ministry of
Education. Data were gathered through a questionnaire. Results
indicated significant differences in perceived needs of nine
competencies among teachers, administrators, and teacher
educators; and eleven competencies among biology, physics, and
chemistry teachers. While teachers and teacher~educators
perceived 'mastery of subject area content' as most imoortant,
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administrators perceived 'use and managemerit of lab teaching for
teaching-learning process' as the most important.

Responses of American pre-service teachers on Kimball's
Nature of Science Survey were used as a basis for comparing their
Nigerian countarparts by Cobern (1987). It was anparent that the
Nigerian students were more inclined to see science as a way of
producing useful technology than were the American students. The
second distinction indicated that Nigerian students perceived
scientists as more nationalistic and secretive about their work.

Actual teaching experience is often an important criterion
in assessing differences between the pre-service and in-service
teacher. Several problems and concerns persist, however, for
both teacher groups related to science teaching, as indicated by
this review. The most pPrevalent similarities, initially reported
for pre-service science teacher education and conti .,uing among
in-service science teachers were: (1) anxiety regarding the
teaching of science content, processes, and specifically science
experimentation; (2) a generally passive attitude toward science
and science teaching; and (3) a lack of adequate understanding of
nature of science. Concerns 1l and 2 were far more common among
elementary science teachers, and the third concern continues to
be a problem at all levels of science teaching.

In-service science teachers, in addition, voiced a strong
preference for district-identified in-service workshops rather
than outside sponsored workshops. If in-service teachers are
expected to implement innovations or ney programs, then
partnerships between districts and the outside delivery agencies
need to be established and maintained with a greater degree of
input from the users of such innovations and new programs, the
in-service teachers themselves.

-Finally, we note with interest that one common reaction to
persistent problems among in-service teachers is to blame pre-
service teacher education programs. Several studies in this
review alluded to the need to improve pre-service science teacher
education programs, in hopes that many of the on~gaoing,
persistent problems cited above couid be addressed and remedied.
While continued research for the purpose of improving our
understanding and design of pre-service science teacher education
programs is extremely important, we should not necessarily expect
such improvements to either remedy the above mentioned problems
OI remove our obligation to consider the lifelong learning needs
of the teachers we produce. As pre-service teachers graduate
from our programs, however improved such programs might become in
the future, we need to continue to solicit, assess, and respond
to the self-perceived needs of our science teacher education
Program graduates.
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3.0 CURRICULUM AND INSTRUCTION

Whereas learners and learning are the central focus and
whereas teachers shoulder the responsibility for learners and
learning, curriculum and instrustion represent vehicles for
achieving learning goals. Linr ‘1987) argues that the goals of
the science curriculum need redefinition and expansion to reflect
new knowledge, technological advances, and societal npeeds.
Curriculum development and instructional design should . clude
factors that motivate students, depth at the expense of bread”h,
integrated rather than partitioned krowledge, and instruction and
feedback through new technologies, Moreover, new tests are
needed which assess the types of complex learning reflected ir a
new science curriculum.

We examined the literature in 1987 keeping in mind Linn's
arguments. Within the third commonplace, we have segmented the
reports into six areas, the impact of technology, the emphasis on
problem solving and inquiry, the use of language arts and
organizational devices, implementation of methods, aspects of the
curriculum itself, and the development and validation of
instruments. Wwe begin with a focus on technology.

3.1 The Impact of Technology

Earlier we noted Linn's (1987) observations and descriptions
of emerging research themes in science education. Another theme
described by Linn (1987) is the utilization of new technologies.
For example, computer technologies not only let studeats
accomplish old tasks in new ways, but permit them to tackle tasks
that were heretofore impossible. Moreover, researchers are using
new technologies to study numerous aspects of curriculum and
instruction. The studies reviewed in the initial section share
the common thread of new technologies applied to research on
curriculum and instruction.

3.11 What problems must be solved to realize the
potential of intelligent computer—-assisted
instruction?

In a theoretical paper, Good (1987) examined the concept of
artificial intelligence as it relates to intelligen* computer-
assisted instruction and science education. He maincained that
the important parts of intelligent computer-assisted instruction
were modeling the student, teacher, and the natural environment.
To realiz> the potential of intelligent computer-assisted
instruction, he stated that researchers must solve three
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problems: (1) the soft knowledge base of teaching and learning;
(2) natural language processing; and (3) machine learning.
Moreover, science educators must learn to make accurate diagnoses
of students' learning states just as physicians do of patients'
health. Good conrluded by describing a revision of the wall
known SCIS 1learning cycle based on cognitive science and
artificial intelligence principles. The revisions included the
addition of the concept ‘prediction’' to exploration, concept
invention, and concept application as well as the transformation

of the learning cycle as a linear model into a rore flexible
model through prediction.

3.12 How will computer technology modify
curriculvm and instruction?

Tinker (1987) speculated that the maturation of computer
hardware and software technology would open new possibilities for
broad-scale, technologically enhanced changes in the mathematics
and science curriculum. He suggested that this would not happen
through small application-specific packages, but through
powerful, general software tools in the same class as those
revolutionizing business. Except for the 'productivity tools'
imported from business, a sufficiently powerful integrated set of
software tools does not exist for mathematics and science
eduvcation. Tinker argued that new opportunities cresated by
emerging technology could make a major contribution to improving
the understanding of mathematics and science ‘by all students.
Capita .zing on these opportunities will require major changes in
the curriculum and teaching methods, changes which, given the
slow pace of educational reform, may well take decades. However,
the beginning steps are clear: (1) train teachers to enable taem
to take advantage of the new opportunities; (2) develop software
and course materials that begin to move in this direction; and
{(3) initiate large-scale curriculum experimentation in schools to
model new directions that must be taken.

diSezsa (1987) published an article titled "rhe Third
Revolution in Computers and Education.” He considered the first

revolution to have begun with the realization that computers

learning. The second revolution was the current decrease in
prices that has mace computers available in school settings. The
third, he orgr 1, is just beginning and will allow us to use
computers to berter understand the fundamentals of knowledge and
learning and "“turn the art of education into a principled
scientific and ergineering enterprise with leverage in terms of
educational achievement far beyond what we historically expect of

an evolving but largely informal and inarticulate profession" (p.
3e4).
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3.13 How is computer technology being used to
enhance student achievement?

Using the Extended Microcomputer-Based Laboratory (MBL)
motion graphing experience, Brasell (1987) studied the ability of
students to translate between a physical event and its graphic
representation as well as the effact of real-time versus delayed
grasring of data. Ninety-three (93) physics students throughout
seven north Florida rural schools participated in the one-day
experiment. The four levels of instruction were MBL real-time,
MBL 20 second delay, a control group that performed paper-and-
pencil activities which paralleled the MBL instruction, and a
test-only centrol group. Results showed that students in the MBL
real-time group outperformed all other groups on post-test
achievement, primarily on the distance sub-test. A reduction in
graph errors was primarily responsible for the difference, and

the real-time graphing feature was att.ibuted as a Principal
source,

In another segment of the study, Brasall (1987) examined the
differences between males and females with respect to their
performance on computer graphing tasks and their attitudes toward
graphs and graph-based activities. Pretesting of 93 students
revealed that about one-fifth possessed an iradequate graph
schemne, Females with inadequate graph schemata seemed
constrained by 1low ability, whereas males were constrained by
lack of interest. Females had lower pre-test scores for speed
and velocity graphing items but did as well as males on distance
graphs. Using a microcomputer-based laboratory (MBL) activity,
18 students constructed distance and velocity graphs for one
class period, while 18 counterparts constructed the same graphs
using paper and pencils. Females in the MBL group scored
significantly better on post-test items about distance graphs
than did males. The reverse was true for the velocity items. Ko
gender differences were found in the paper-and-pencil group.

Nachmias and Linn (1987) examined evaluations by students of
computer-presented information on temperature, heat, and energy
concepts in the science laboratory. Two hundred forty-nine (249)
eighth graders participated in 54 activities over an 18 week
period in two phases using the Computer as Lab Partner
Curriculum. Ir phase one Nachmias and Linn found significant
decreases in ' .e willingness of students to accept inappropriate
graph scaling, probe setup, and probe calibration, but not probe
sensitivity. After enhanced instruction. in phase two, which
emphasized graph scaling, experimental variation, probe
calibration, and graph validity, students in phase two increased
their performance on graph scaling and experimental variation,
showed no significant difference in probe setup and calibration,

and decreased in probe sensitivity relative to their counterparts
in phase 1.
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Berger, Pintrich, and Stemmer (1987) examined the
performance of students on linear and logarithmic estimation
tasks using a microcomputer. Forty (40) seventh ang eighth
graders participated in the study. Results showed that 1linear
estimation by students could be described by a general learning
curve with performance improving over time. Logarithmic scale
estimations of students, however, could be described by a complex
interaction involvine -=e number of estimations trials with the
position of the e~ ition tarzst on the logarithmic scale.
Usage of various strategies 1id not influence 1linear task
performance, but 4id influence 1logarithmic task performance.
Specifically, students who utilized the midpoint of the scale as
a marker did bettar in terms of their average number of estimates
than their counterparts who utilized elimination, counting, or
guessing.

Linn, Sloane, and Clancy (1987) studied 14 high school ap
Pascal programming classes to see ho programming skill was
related to instruction. High, medium, and 1low proficiency
classrooms were found to differ in instructionul chardcteristics
as well, Classes showing the greatest skill also had more
computer access time, more individual attention from the teacher
(rather than lecture), greater encouragement to explicitly plan
their programs before coding, and more prompt feedback.

Pintrich, Berger, and Stemmer (1987) studied Pascal coding
and debugging programming skills, They found that high school
students in general did not plan alead, but started immediately
to code their programs, and that they debugged largely through
trial and error.

Rivers and vocksll (1587) examined the problem solving
performance of high school biology students with computer
simulations in unguided discovery, guided discovery, and control
conditions in three separate studies. For three of the
simulations (OSMO, MONOCROSS, MOTHS), there was no significant
difference in gain rate on problem solving with respect to the
specific subject matter. For the PLANT and BALANCE simulations,
Students in the gquided discovery group outperformed the other
groups, and students in the unguided discovery group outperformed
those in the control group. On general problem solving, students
in the guided discovery group outperformed the other groups.

pite
(AN,

Mokros ¢1d Tinker (1987) reported the results of two
Preliminary studies and a longitudinal study using the
Microcomputer-Based ,Laboratory (MBL) curriculum. The first
preliminary study found graph-as-picture errors and slope/height
confusions among students, but Mokros and Tinker questioned their
status as misconceptions due to the ease of removal of thesge
difficulties via MBL. 1In a three-month longitudinal study using
MBL, students demonstrated significant gains on 16 graphing
items, although the instruction focused on science topics rather
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than graphing skills. The researchers identified MBL features of
multiple modality, real-time pairing of events with their graphic
representations, use of genuine scientific experiences, and
elimination of drudgery in nroducing graphs as contributors to
its success in improving graphical communication.

Hess (1987) reported an experimental test of the
professionally programmed instruction called Watts. Using 223
sixth through ninth graders, heterogeneously grouped in a pre~
tect-post-test design, Hess found significant achievement gains
and a grade 1level effect, but no effect due to gender and no
interaction of grade with gender. Students and teachers reacted
positively to the computer simulation in terms of jits
organization, ease of use, effectiveness, and applicability to
the curriculum.

A number of research studies were conducted that compared
various instructional strategies using either computer
instruction or the conventional mode of instruction. Rowland and
Stuessy (1987) assessed the effects of two modes of
computer-assisted instruction, simulation and tutorial, on the
ability of pre-service elementary teachers to understand
relationships between a number of concepts dealing with home
energy. Inscruments measuring various dimensions of learning
style differences were administered to ascertain which learning
style constructs interacted with mode of instruction to predict
conceptual understanding and scores on an achievement test.
Results indicated that achievement scores were higher for users
of the tutorial; however, the number c¢. valid concept
relatjonships did not differ by treatment. In addition, a
difference in achievement scores favoring the tutorial was found
in subjects exhibiting an external locus of control, field
independence, and/or high discrimination skill. Other
individuals showed no difference in achievement by treatment.
Finally, subjects whose holist/serialist orientation was matched
to the appropriate mode of instruction scored higher on the
achievement test than did those who were mismatchad. )

Dixon (1987) reported an experiment in which the efficacy of
a computer-based model using expert and novice modes fo. teaching
decision makirng in the National Park Service domain was compared
to a traditional method which included lectures, field trips, and
demonstrations for a sample of Natural Resources Management
candidates from the National Park Services. A pre-test-post-
test-control group design <as used. Results suggested that a
computer iased decision-making process could be employed to
enhance the decision making performance of students beyond that
of the traditional instruction.

Eisenkraft (1987) compared the use of comouter simulated
experiments to traditional laboratory work on the comprehension
of physics students. Two hundred twenty-five (225) physics
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then randomly assigned as individuals to perform a pendulum 1lad
and a lens 1lab via computer simulation or via traditional
laboratory work. Results showed that students with higher
mechanical comprehension recorded more data points, discerned the
functional relation better, and scorad higher on the post-test
than did students with lower mechanical comprehension. Moreover,
students in the computer simulation group recorded more data
points, discerned the functional relation better, and scored
higher on the post-test than did students in the control group.
Eisenkraft also found significant two-way interactions, in that
students in the computer simulation were equally suc¢ _assful
regardless of their mechanical comprehension, whereas students in
the technical lab were more f1ccessful if they possessed higher
mechanical comprehension. A.so, achievement test scores were

Choi and Gennaro (1987) studied the acquisition of volume
displacement by junior high school students. The experimental
method, microcomputer simulations of experiences, was contrasted
with the control, hands-on instruction. Using a post-test-oily
control group design, Choi and Gennaro randomly assigned boys and
girls to the experimental or control group. Results showed that
computer simulated experiences were as effective as hands on
experiences, that boys in the control group outperformed girls in
the control ¢:oup on the post-test, but that boys and girls in
the experimental group performed equally well. A retention test
again showed no significant performance differences between the
experimental and control groups, but the males in both groups
retained more than the females on the retention test.

A number of computer studies involved the chemistry
laboratory. Bourque and Carlson (1987) examined and compared the
cognitive effectiveness of a traditional hands~on laboratory
exercise with a computer-simulated program on the same topic. 1In
acdition, they attempted to determine if coupling these formats
would provide optimum student comprehension. The authors
cc.acluded in the first phase of the study that the hands-on
exper.mental exercise produced significantly higher learning
scores in the acid-tase titration experiment and the ionization
constant experiment, but no difference for the determination
Avogadro's number experiment. The results were explained as
follows: (1) the hands-on activities provided students a more
realistic understanding of the trial and error process by
involvement with careful observations and manual skills required
for gathering accurate data. Also, the hands-on labs seemed to
emphasize the mental activity to assimilate the abstract concepts
involved in the complex chemical interactions under study; (2) in
the lab activities, the post~lab write-up required a response to
a series of related questions and problems dependent on the
subjects’ understanding of the experimental concepts and
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problem-solving skills; (3) the simulation programs were not
provided with an equivalent tutorial set of questions or a
conclusive problem-solving activity; (4) within the computer
format all calculations were computer programmed and the students
did not put forth as intense an effort to derive or discover the
mathematical computations. The problem exercises had a direct
relationship with the improvement in cognitive scores; and (5)
there was no difference in the Avogadro's number experiment
because in either instructional procedure, the format was so
structured that the students followed computation in dimensional
analysis without fully understanding what was happening. Results
of the second phase of the study indicated that the hands-on
experiment followed by the computer-simulation format provided
the highest cumulative scores for experiments on the acid-base
titration and the equilibrium constant of a weak acid. There was
no apparent advantage in the performance sequence for the
Avogadro's number experiment. The authors reported that the
students preferred the hands-on experiments before attempting the
computer simulation and 1listed the following reasons: (1)
students 1liked seeing the reagents and actually viewing the
reaction changes; (2) they became familiar with the manipulation
of the laboratory equipment; and (3) they actually saw what was
hagrpening by doing it first and thus gained a greater
appceciation for the simulation program which was used to confirm
&nd reinforce their newly acquired knowledge. Jackman,
Moellenberg, and Brabson (1987) designed a study to determine the
relative effectiveness of different instructional approaches on
chemistry laboratory achievement through investigating
differences in achievement in spectrophotometry among college
freshmen who received either traditional, learning cycle, or
computer simulation instruction. Approximately 300
second-semester general chemistry laboratory college students
participated in the study, with random assignment by sections to
one of the three treatment groups. Subjects worked in pairs in
all instructional methods. The traditional and learning cycle
methods, but not the simulation, contained a pre~laboratory
exercise that was given to students one week prior to the

remainder of the laboratory exercise. All subjects were
administered a pre-test and post-test of spectrophotometry
achievement. Analysis of covariance indicated a significant

difference among the three instructional methods, and the
adjusted post-test mean for subjects taught by the simulation was
significantly greater than the adjusted mean for students taught
by the traditional method or by the learning cycle method. There
was no difference in the means of the subjects taught by the
traditional and learning cycle methods.

Stevens, Zech, and Katkanant (1987) evaluated the
effectiveness of implementing an interactive videodisc science
lesson on titration into a high school science program. Results
were measured on achievement and attitude instruments along with
observational data. The basic conclusion of the study was that
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no significant differences existed in achievement or attitude
between the students who received the interactive videodisc (IVD)
lesson on titration first and students who received the
laboratory experience Ffirst. In other words, as far as
achievement and attitudes were concerned, it did not make any
difference whether students used the IVD lesson befcre or after
conducting the evveriment or reversed the process. The
researchers concluded that this finding was important to
classroom teachers who try to ranage two modes of lab instructinn
with limited equipment and lab stations. The observational datd,
however, showed that time, types af eérrors, and accuracy were
influenced by the order of the events. Students who completed
the titration process using the IVD first spent much less time
setting up equipment and conducting the experiment than students
who began their experiences in the lab.

presented to the learner, the author analyzed and compared the
achievement of high school chemistry students receiving MCIV
inrstruction. Students were randomly assigned to one of three
groups: (1) those presented with lesson objectives, identified
as objectives, through text; (2) those presented with objectives
through text and visualization; or (3) those who heard only the
goals, stated on audio track, but no objectives. Results
indicated no differences among the groups on the learning of
verbal information and intellectual skills, and the amount of
time students spent on the instructional materials, Also, there
was no correlatinn between time and post-test scores. Chi-squ-re
analyses indicated no significant differences among treatment
groups on their responses to attitudinal scores. However, the
majority of students were very positive about their experiences
with the MCIV lessons. The researcher suggested that the finding
of non-significance might be attributed to the effects of
instructional novelty, or to the structured materials being used.

new electrical power plants in two large communities. The
program included a physical mode, printed instructional materials
for students, and lesson plans for teachers. The subjects, from
suburban New York City, were evaluated on a standardized test, an
achievement test, 3 student questionnaire, and a teacher
questionnaire. The achievement test was administered prior to
and at the end of the instructional period. The post-test mean
was about two-fifths of a standard deviaticn above the pre-test
mean, and both eighth and ninth graders had a significantly
higher gain than did seventh graders. Moreover, there was an
effect due to gender with boys at a higher level than girls.

62

T
'O




Data revealed a gain of one-half of a standard deviation. A
Step~wise regression analysis revealed that the predictors
accounted for 61.5% of the variance in post-test scores.
Students reacted positively to the experiences, including the
organization and quality of the instruction. Teacher reactions
were also favorable but less positive than those of students.

El-Assad (1987) surveyed teachers in Los Angeles County to
determine the extent of computer use in teaching biological
sciences at selected public high schoouls, to investigate the
effects and changes, if any, that have taken place in the related
curricula as a result of using computer technology instruction,
and to analyze the attitudes of teachers towards the integration
of this use. fThere were three major findings as follows: (1)
the biological sciences' curriculum had remained constant or
changed very little as a result of using computers; (2) most
teachers rejected the need for a redefinition of the major goals
of science in the school program; and (3; most biology educators
believed that computers could not replace the teacher or the
textbook in the classroom.

Collins (1987) described the problem-solving strategies of
experts solving realistic, computer-generated transmission
genetics fp-oblems and set forth implications for instruction.
Seven experts were involved in the study. Each had a doctoral
degree and experience in teaching and research in genetics. Two
types of data were available for analysis and for the description
of the strategic knowledge that was used by the experts. These
were the transcripts of the think aloud protocols and the
computer printouts of the sequence of crosses for each genetics
problem. Based on the analysis of the results, it was determined
that experts solved introductory level realistic transmission
genetics problems by employing a strat:gy of data redescription
(identifying traits, variations and classes of phenotypes, and
their distribution) prior to the formulation of tentative general
hypotheses. The next step, called hypothesis, was the strategy
of solution synthesis. Hypothesis testing the classes of
problems considered in the study required a definitive cross
usually using zygotes. The third step was the strategy of
solution assessment which consisted of producing addi*ional
evidence to confirm the inferred hypothesis. Experts in genetics
knew when and how to use the strategies to successfully solve
realistic problems. The solution was the identification, by
inference from the problem data generated, of general hypotheses
about inheritance patterns and modifiars. The experts, having
tested and confirmed the hypotheses by using them to explain and
predict data, had a high degree of confidence that was
justifiable from the data.

Fletcher and Collins (1987) designed a study to determine
whether or not biology students were being disadvantaged by
taking computer tests instead of paper forms of the same tests.
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Results indicated that mean scores on computer-administered and
writien forms of the same test were approximately equivalent.

Heath, White, Berlin, and Park (1987) studied the number of
alternatives generated by 2nd and 4th grade students in interview
versus computer simulation of decision-making. They found that
children generated a greater number of alternatives in the
interview than in the simulation setting.

Two studies dealt with the use of microcomputers in the
remediation of scientific misconceptions. Murray, Schultz,
Brown, and Clement (1987) developed a computer tutor designed to
help students gain a qualitative understanding of important
physics concepts. The tutor simulated a teaching strategy called
'‘bridging' analogies that previous research had demonstrated to
be successful in one-on-one tutoring and written explanation
studies. The strateqgy was designed to remedy misconceptions by
appealing to existing correct intuitions, and extending these
intuitions by encouraging analogical situation. Analysis of
these data indicated those situations in which the strategy
worked well and those where alternatives were needed.
Implications incorporated a representation of student beliefs and
intelligent sequencing of example presentations.

Reif (1987) explored the use of instructional design, an
understanding of cognitive processes, and computer technology in
the teaching of concepts in physics. Students were taught an
explicit procedure specifying the concept 'acceleration’ and then
diagnosed and corrected mistakes committed by themselves or
others. Such teaching greatly improved concept interpretations
of students and blocked previous misconceptions. The researcher
conciuded that computers could provide powerful tools for
research on instructional design and for implementing more
effective teaching.

3.14 What are the characteristics of exemplary
computer software?

Krajcik, Berg, and Cathcart (1987) reported on the
characteristics of exemplary science software. In sum, exemplary
science software (1) actively engaged students in the learning
process; (2) enhanced and complemented traditional tearching
instruction; (3) contained dynamic visuals to renresent abztract
concepts; (4) allowed for exploration not normally allowed in the
science classroom due to constraints of time, danger, or money;
(5) permitted the collection, graphing, interpretation and
analysis of data; (6) provided opportunities to plan, synthesize,
question, predict, and apply; (7) helped students develop higher
order thinking skills; (8) contained several levels of difficulty
that could change to meet the needs of the student; (9) provided
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meaningful, informative, and corrective feedback; (10) madc use
of excellent technical features including uncluttered screen
design, lean text, help screens, and self-pacing; and (11)
contained clearly stated objectives. Examples of software
programs that exhibited such features included Baffles (Conduit),
Geology Search (McGraw-Hill), Birdbreed (EduTech), Discovery Lab
(Minnesota Educational Computing Consortium), Models of Electric
Current, Ohm's Law (Conduit), Standing Waves (Conduit), CATLAB
(Conduit), and Factory (Sunburst).

Clearly, computer technology is a powerful tool to study
problems in teaching and learning. As new developments in
computer software become vailable through tne invention of
powerful, generic software packages, opportunities will exist for
large-scale curriculum experimentation and scientific exploration
of teaching and learning. During 1987, a variety of research
studies evaluated the impact of computers on student achievement.
In most cases, the use of Computer technology had a positive
impact on learning. In four studies, researchers found that
araphing skills and linear and logarithmic estimation skills of
students were improved when compared with paper and pencil
instruction. One study discovered differentiated responses
between males and females performing significantly better on
distance graphing and the reverse on velocity.

Most of the remaining computer—-based instruction studies
dealt with the impact of computer technology on problem
solving/de~ision making and the acquisition of science concepts

and principles. When compared to conventional instruction,
cemputer simulated guided~iiscovery and decision making
activities tended to produce superior results. In comparing

hands-on laboratory experiences to computer simulate-=
experiences, the computer instructed students either did as well
Oor were superior in performance. Abstractness of the tasks,
complexity of the data sources, age, gender, and student
aptitudes contributed to various interactions that led to mixed
results. In most cases, students 1liked their instruction with
computers and found their use to be beneficial, even when there
were no data to support the conclusion.

It is clear that computers have a positive impact on
instruction in many cases and 1little negative impact. In most
situations computer-based instruction is time and cost effective
compared to conventional instruction. The interaction of
specific instructional tasks and student aptitudes appears to be
@ very productive line ¢~ raesearch that needs to be emphasized in
the future.
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3.2 Problem Solving and Inquiry

3.21 What is the impact of inquiry and other
problem-s2lving instructional strategies on
science learning?

Faraj (1987) investigated whether using the inquiry method
in teaching science in the State of Kuwait elementary schools was
better than using the existing traditional method. The

The other two classes were taught by the remaining two teachers
using the traditional method. During the teaching of a 13 lesson
unit about magnets, with each lesson having a duration of 45
minutes, the researcher observed the students in order to record
the number of times the students w.re involved in each of five
inquiry science experiences: (1) observation; (2) measurement,
(3) experimentation; (4) interpretation of data; and (5)
prediction. On completion of the unit the researcher gave a
uniform exam to all students. Analysis revealed a significant
difference in favor of the group that learned by the inquiry
method in the number of times the students were involved in each
of the five essential science experiences. When compared on the
final test, the inquiry group students scored significantly
higher than the group that learned by the more traditional
method.

Wirt (1987) investigated the relative effectiveness of a
laboratory oriented, inguiry based chemistry course that included
additional training in logical thinking skills versus the
traditional 1lecture chemistrv course. Both groups were pre-
tested and post-tested using the Cooperative Science Test,
Chemistry, Form A, for achievement and the English version of the
Longeot test for cognitive intelligence. The same textbook and
the same subject matter were covered in all clzases. Chi-square
analysis showed significant differences in the predicted
direction fo. .he use of inquiry in the activities of the teacher
and students, and in the teacher's position in the classroom.
Analysis of pre-test scores indicated no significant differences
between groups on chemistry achievement or cognitive
intelligence, Post-test scores revealed a favorable difference
on achievemeut for the inquiry group with no difference hetween
the groups on cognitive intelligence. Also, multiple regression
analysis indicated that formal operational students consistently
outperformed concrete operational students, who performed the
same regardless of the teaching method. Thus, there was no
interaction between level of cognitive development and t¢aching
method.

Denson {1987) examined the relationships between field
independent or field dependent cognitive stylesc. general
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chemistry knowledge, and process skills of students taught by
either an investigative or a conventional laboratory method of
instruction. 1Intact laboratory sections were randomly assigned
to either the experimental or control group. The American
Chemical Society Examination and the Test of Integrated Process
Skills were utilized to obtain pre- and post-scores. The Group
Embedded Figures Test was used to classify the field independent
or field dependent cognitive style of the students. Significant
relationships were found between cognitive styles and process
skill development of chemistry students taught by either an

chemistry was not significant for either laboratory instructional
method. Data analysis showed that the investigative and
conventional laboratory methods did not produce significant
differences in the knowledge of chemistry or process skill
development of students for either field-independent of
field-dependent cognitive style. Neither the investigative nor
the conventional instructional method was superior to the other
in terms of improving knowledge of chemistry and process skill
development of students with various cognitive styles.

Mulopo and Fowler (1987) examined the di“ferential
effectiveness of traditional and discovery methods ot chemistry
instruction in Zambia. Compared were the teaching of science
concepts, understandings about science, and scientific attitudes
of learners 3t the concrete and formal levels of cognitive
development. The dependent variables were achievement,
understanding science, and scientific attitude. Variables were
assessed through the use of the ACS Achievement Test (high school
chemistry, Form 1979), the Test on Understanding Science (Form
W,, and Test on Scientific Attitude, respectively. Mode of
instruction and cognitive development were the independent
variables, Subjects were 120 11th grade males enrolled in
chemistry classes in Zambia. Sixty (60) of the subjects were
concrete reasoners randomly selected from one of the two schools.
The remaining 60 subjects were formal reasoners random: y selected
from the second school. Each of these groups was randemly cplit
into two subgroups with traditional and discovery apprjaches of
instruction randomly assigned to the two subgroups of concrete
reasoners and the two subgroups of formal reasoners. Subjects
received instructions covering eight chemistry topics during
approximately 10 weeks, Analysis of the data revealed that: (1)
for the formal reasoners, the discovery group scored
significantly higher on understanding science than the
traditional group. For the concrete reasoners, mode of
instruction did not make a difference; (2) overall, formal
reasoners earned significantly hkigher achievement scores than
concrete reasoners; (3) in general, subjects taught by the
discovery approach scored significantly higher on scientific
attitude than those taught by the traditional approach; and (4)
the traditional group cutperformed the discovery group in
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achievement. It was couciuded that the traditional approach
might be an efficient instructional mode for the teaching of
scientific facts and principles to high school students, while
the discovery approach seemed to be more suitable for teaching
scientific attitudes and for promoting understanding about
science and scientists among formal operational learners.

Jordan (1987), using information processing as a theoretical
base, sought to determine whether or not specific cognitijve
strategies could be taught and learned. These strategies dealt
with memory skills which had been shown to occur naturally in
mature learners. However, it had also been shown that even some
university students lacked these basic skills and resorted to
ineffective memory techniques. This resulted in failure to
recall information and an inability to resolve problem solving
tasks. Four tasks were designed as follows: (1) summarizing a
reading; (2) self-testing vocabulary; (3) writing questions; and
(4) writing answers. Grade nine science students were assigned
to an experimental and a comparison group. Both grocups were
asked to follow an outline based on the Canadian British Columbia
Provincial Curriculum for grade 9 science. One group was
assigned predetermined tasks from the text while the experimental
group U .1lized the designed tasks. In the .analysis, the recall
and problem solving segments of the post-test comprised the
variables of the dependent variable set while he pre-test scores
in grade 8 science and the Ariin Test of Formal Reasoning
constituted the measures on the variables for the independent
variakle set. An initial canonical analysis determined the
relationship between t.e two sets of variables. An analysis of
covariance was performed using previous achievement and the pre-
test. A post-hoc Scheffe Test analyzed contrasts between groups
regarding development level. The results showed statistically
significant differences in favor of the comparison grouT on
recall .and the experimental group on problem solviag. Nc
interactions were found between the variables and the grouping.
Further analysis indicated that while the results were
statistically significant, mean score differences were very
small. The observation was made that while results might be
statistically significant, they also might be educationally
questionable. The researcher argued that the unit taught was
incorrectly assumed by teachers, curriculum developers, and the
researcher to be new material. It was further suggested that
this information had become common kn_wledge. Although the
teachers found the materials useful, prior knowledge of the
subjects prevented clear answers to the research questions asked.

Young (1987) evaluated the effectiveness of an instructional
model derived from the research on learning styles, science
curriculum development, and the development of thinking skills.
The model implied that a specific sequence f instructional
strategies which included a discrepant event, discussion,
experimentation, practice, and application would result in
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significantly higher achievement among students of all learn@ng
style preferences compared to traditional science instruction
relying primarily on textbook and ilecture. Seventh grade
students were randomly assigned to one of two treatments for a
total of 24 weeks. Dependent variables included student mastery
of science concepts as measured by the Stanford Achievement Test),
basic skills as measured by the Comprehensive Test of Basic
Skills Science Test (CTBS-Science), and creative thinking as
measured by the Torrance Test of Creative Thinking (TTCT).
Multivariate analyses of covariance were used to examine the
dependent variables with treatment, student learning style
preference, and gender as independent variables, and CTBS pre-
test as a covariate. No significant interactions were found.
Main effects of learning style and gender were not statistically
significant. The main effect of treatment was statistically
significant, affecting a 1linear combinatiou of dependent
variables composed of CTBS, 'Verbal Originality’, and 'Figural
Elaboration'. The researcher concluded that using a variety of
instructional strategies in a preplanned sequence in science
significantly affected student achievement of basic thinking
skills, verbal creative thinking, and figural creative thinking,
while not jeopardizing mastery of science concepts, regardless of
gender, for students of all learning-style preferences.

Brown and Clement (1987) studied the effectiveness of an
analogical teaching technique, which used a connected sequence of
‘'bridging’ analogies, compared with a more standard
teaching-by-example technique. The target concept involved the
common misconception that static objects are unable to exert
forces, Of the 21 high school students with no prior physics
instruction who were individually interviewed, 14 initially
maintained that a table does not exert a force upward on a book
resting on it. The latter were divided into two matched groups.
Students in each group were asked Lc think aloud as they worked
through one of the two written explanations. After instruction,
the experimental group performed significantly better on target
and transfer problems, as well as indicating significantly higher
subjective estimates of how ‘understandable and believable' the
explaration was., The authors drew upon the findings for the
following suggestions: (1) teachers should be aware that certain
examples which they find compelling might not be at all
illuminating for the student; (2) if the examples are compelling
to the student, it still might not be seen as analogous to the
target problem in the lesson; and (3) teacrers should keep in
mind the goal of helping students develop visual, qualitative
models of physical phenomena.

Ross and Robinson (1987) investigated the effects of various
strategies on how to use rules in teaching experimental design in
science classes. The experimental treatments included the use of
three sets of instructional materials for teaching experimental
design, The materials were prescriptive in nature and were
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designed as five 40-minutes lessons. One set of materials
incorporated implicit rules, a method in which the rules were not
made visible to students, although the instruction of teachers
with students was quided by a checklist that outlined the steps
of the procedure. A second set of macerials used the teacher-
enunciated rules procedure in which the student was given the
rule structure at the outset of instruction. The third set of
materials used the student-retrieved rules in which the students,
as a large group, developed a set of rules for designirg
experiments. Two open-ended tests of experimental frame-working
were developed by the researchers. Each was a test of npear
transfer in that the content of the item was unrelated to the
content of the science unit. Post-test scores were significantly
higher than pre-test scores in all three treatments. When the
pre-test scores were controlled for the full sample via analysis
of covariance, the results snowed rio significant differences in
the effects of treatments on simple experiment indicators.
However, significant differences were found ia the effects of
treatments on controlled experiment indicators such that students
in implicit-rules and teacher-rules treatments outperformed
students in student-rules treatment. 1In both cases, there was no
significant interaction of gender and treatment. The author
concluded that varying the treatment of rules in alternate
instructional strategies had 1little differentiating effect on
learning the skill of experimental design. The one excepticn
involved relatively lower performance on one set of indicators in
the student-rules treatment. The a. shors proposed the following
reasons to explain the essentially same effects of different
treatments despite their different theoretical prognostications:

theoretical advantages of different treatments in the operational
forms that were tested; (2) the Ffactor that might have been
observed was the difference between student and teacher rula
treatment and in both cases the rules appeared clearly in the
total sequence of instructional activity; (3) teachers
unconsciously varied 'script' and 'using strategies' from the
other treatments. '

In another article that addressed the use of experimental
design in science instruction, Lucas and Tobin (1987) described
situations in which multiple variables could be used in student
experiments, The authors argued that control of a single
variable was an inadequate conception of experimentation.
Further, they believed that students who learn multiple variable
methods would go on to explore the concept by experimental
methods at higher conceptual levels.

Ost (1987) discussed the model as a tool and modeling as a
process in teaching science and mathematics. He suggested that
there were four basic kinds of models found in contemporary
science which have direc