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ABSTRACT

This digest provides an overview of several
meta-analysis studies which focused on various aspects of science
instruction. These studies examined: productive factors in science
learning for grades 6 through 12; quality and quantity of
instruction; effects of various teaching strategiec on science
achievement; instructional systems in science education; inquiry
teaching and advance organizers; and other areas. Some possible
generalizations from these studies are included. For example, it is
noted that instructional techniques which help students focus on
learning (preinstructional strategies, increased structure in the
verbal content of materials, use of concrete objects or realism) are
effective in promoting student achievement in science. (DH)
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META-ANALYSIS RESEARCH

positurs or policy

ON SCIENCE INSTRUCTION

Even before the apraarance of the various 1983 reports

on the state of education in American schools, science -

education researchers were interested in learning how to
improve the quality of instruction in science. Numerous
instructional techniques have been investigated for their
impact on student achievement, use of process skills, at-
titud2s, or other outcomes. In 1969 Howe and Ramsey
published a two-part article in The Science Teacher on
research on instructional procedures (Part |—outcomes of
instruction. 56 studies; Part ll—instructional procedures,
103 studies) (1969).

Since 1969, Gene Glass has described a technique known
as meta-analysis that is used to analyze the results of a
number of studies on a related topic. This digest has been
developed to provide ERIC users with an overview of several
meta-analysis studies focused on science instruction.

Meta-Analysis Procedures

Kulik has described the four basic steps involved in meta-
analysis: (1) reviewers first locate studies of an issue, using
ciearly specified procedures; (2) the outcomes of studies
are characterized in quantitative terms; (3) as many features
of the ctudies as possible are coded; and (4) statistical
procedures are used to summarize findings and relate study
features to s‘udy outcomes (1983:957).

Meta-analysis involves calculating a common measure-
ment for each defined variable within a study in order to
compare the magnitude of difference between groups. This
measurement, known as effect size, enables researchers to
measure the difference in performance of two groups on a
dependent variable (Kyle in Research Within Reach: Science
Education, 1984, p. 9).

Meta-Analysis Findings

Herbert J. Walberg and four colleagues conducted a meta-
analysts of productive factors in science learning for grades
6 through 12 (1980). using those grades because science
is usually either required or elective and because they con-
sidered the grade levels involved in their study to contain
students at least at the onset of formal operational thinking
(1980:B2). Walberg considered that learning could best be
explained by a model that has eight constructs linked to
learning outcomes: quality and quantity of instruction; stu-
dent ability; motivation. age or developmental level, home,
peer. and classroom environments {1980:B1).

David Boulanger focused on the first two constructs of
Walberg's model for his part of the meta-analysis project
and examined 137 published studies related to the quality
of instruction construct and 3 on the quantity of instruction.
For his final analysis. Boulanger examined 52 quality of
instruction studies grouped into six clusters: preinstructional
strategies. indirectness of instruction. inductive vs. deductive
strategies. traning in scientific thinking, structure in the
verbal content of matenals. and realism or concreteness in
adjunct materials (1980.F6). Achievement outcomes for which

Boulangar looked were factual learning. conceptual learning,

oo

attitudinal learning, or laboratory performance (1980:F8).

Boulanger found significant positive outcomes for four
types of instructional interventions: the use of preinstruc-
tional strategies, training in scientific thinking, increased
structure in verbal content of rateriais, and increased re-
alism or concreteness in adjunct materials (1980:F20). Al-
though indirectness of instruction or inductive strategies
were not shown to be significantly superior to direct or
deductive strategies, Boulanger noted what he termed a
“trend"’ toward more effectiveness of indirect or inductive
methods with pupils in grades 10-12 and direct or deductive
approaches for students in grades 6-8 (1980:F21). He con-
cluded that *'. . . Combining the results of all clusters, sys-
tematic innovation in instruction resulted in significant positive
improvements over the norm or traditional practice'’ (1980-
F21).

Only three studies related to quantity of instruction were
identified. Boulanger wrote, "Taken as a whole, the three
studies indicate that simply expanding the amount of time
spent on a given unit of material holds no special relationship
to amount learned ..." (1980:F20).

Several meta-analysis studies resuited from a large meta-
analysis project coordinated by Ronald D. Anderson at the
University of Colorado (Anderson, 1983). These included
work by Wise and Okey, Willett and Yamashita, and Lott.
(Information is available in the final report by Anderson and
also in Volume 20 of the Journal of Research in Science
Teaching, issue 5, 1983))

Wise and Okey (1983) looked at the effects of various
te.ching strategies on science achievement. They identified
12 categories of teaching techniques: (1) audio-visual, (2)
focusing (alerting students to objectives or intent of instruc-
tion), (3) grading, (4) inquiry-discovery. (5) manipulative, (6)
modified (usually a revision in instructional materials), (7)
presentation mode, (8) questioning, (9) tacher direction,
(10) testing, (11) wait time, and (1 2) miscellaneous (1983:421-
423). An effective science classroom as depicted by Wise
and Okey's analysis of effect sizes of teaching strategies
is as foliows:

. The effective science classroom appears to be one
in which students are kept aware of instructional ob-
jectives and receive feedback on their progress toward
these objectives. Students get opportuniiies to physi-
cally interact with instructional materials and engage in
varied kinds of activities. Alteration of instructional ma-
terial or classroom procedure has occurred where it is
thought that the change might be related to increased
impact. The teacher bases a portion of the verbal in-
teractions that occur on some plan, such as the cog-
nitive level or positioning of questions asked during a
lesson. The effective science classroom reflects con-
siderable teacher planning. The plans. however. are not
of a ‘cookbook’ nature. Students have some recpon-
sibility for defining tasks (1983:434).

Willett and Yamashita (1983) Ir ked at instructional sys-
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tems 1n science education, defining an instructional system
as a general plan for conducting a couise over an
extended period of time It 15 general in that it often en-
compasses many aspects of a course (e.g. presentation of
content. testiny. size of study groups)” (1983:406). Like
Wise and Okey they had 12 categories: (1) audio-tutorial,
(2) comguter linked. subdivided into computer assisted, com-
nuter managed. and computer simulated experiments; (3)
contracts for learning. (4) departmentalized elementary
school. (5) individualized instruction; (6) mastery learning:
(7) media based instruction, categorized into film instruction
and television; (8) personalized system of instruction (Keller
PSI). (9) programmed earning. including branched and linear;
(10 self-directed study: (11) use of original resource papers
in the teaching of science: and (12) team teaching. After
examining effect sizes they concluded that the most inno-
vative nstructional systems for positive cognitive outcomes
(as well as other vanables) were mastery learning and PS!
(1983:414 . Media based systems in general appeared to
pertorm at a lower level than the traditional instruction used
as the control group. and most of the remaining systems
operated at a level very little higher than the conventional
instruction they replaced (1983:414-415).

Lott s (1983) part of the Colorado meta-analysis project
nvolved looking at research on inquiry teaching and on
advance organizers. After examining 39 studies, Lott re-
purted that he found essentially no differences in mean
eftect sizes between inductive and doductive approaches.
However, he did report

~the apparent positive effect the nductive approach
has at the intermed:ate level. Mo  ver, this approach
seems to be more useful m those situations where high
levels of thought. learning experiences, and outcome
demands are placed upon the subjects. In addition the
inductive approach appears to function better when the
curriculum organization 's formulated across units to
involve the complete program (1983:445).

When advance organizer studies were analyzed, Lott said
that the use of advance organizers seemed to have been
more advantageous with urban students than these in rural
or suburban schools but that there was little effect de-
pending upon grade level. style of organizer. or character-
stics of materials (1983:449).

The previously-described meta-analyses were limited 10
K.12 Kulik (1983) analyzed 312 studies of the effects of
educational technology in college teaching. involving five
types ot educational technology frequently used at the col-
lege level Keller's personalized System of Instruction, com-
puter based teaching. programmed instruction, adio-tutorial
ngucton, and visual-based instruction. He concluded that
nstructional technology has a basically positive influence
on student examination performance. Although the effects
of teaching varned with educational level. the use of PSI
preduced strorger results than did technologies used in
other studies

Yeany and Miller (1983) used meta-analysis to examine
28 experimental studies (middle school through college) basecd
on diaghostic-prescriptive instructicn as it influenced science
achievement Studies were classihied into one of three groups:
| no diagnosis. no remediation: Il. diagnosis. feedback only;
and !ll. diagnostic feedback and remediation. They found
the results from groups Il and Ill to be essentially equal in
ther eftect on science achievement. Their conclusion was
that achievement can be significantly and positively influ-
enced through diagnostic remedial nstruction. with the in-
fijence appranng to come from the diagnostic feedback to
students

Some Possible Generalizations

it spems possible to say that instructional techniques
which help students focus on learning (preinstructional strat-
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intermediate grades. while

\ egies, increased structure in the verbal content of materials,

se of concrete objects or realism) are effective in promoting
stydent achievement in science. Teachers can help students
leatn to think scientifically. Although the effect sizes for
inductive teaching were not as large as one might hope for,
the indirect approach to instruction does appear of value
when a teacher's gcal is to help students think at higher
levels than factual recall. )

Boulanger and Lott appear tu be in conflict with their
dentification of the grade level for which the inductive ap-
proach is most effective, with Lott finding it effective for
Boulanger reports it more effec-
tive for older students in elective courses. This variabl2
should receive further study to determine whether all rele-
vant studies were included in both reviews. If they were
not. then a more complete review is needed. If all existing
studies were analyzed, then procedures used in the two
meta-analysis reviews should be compared to determine
how the reviewer's methodology influenced his conclusions.

The findings of Willett and Yamashita, Kulik, and Yeany
and Miller serve to reinforce instructional techniques focused
on the progress of the individual student. Mastery learning.
Keller's PS|, and diagnostic feedback all appear to involve
careful planning and sequencing of instruction with the mon-
itoring of student progress. the provision of diagnostic feed-
back to students, and the avaifability of alternatives. This,
in turn. relates to the findings of Wise and Okey that
considerable teacher planning is evident in effective science
classrooms.
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