Research Within Reach:

Science Education
A Research-Guided Response
to the Concerns of Educators

Does research tell us anything about the effects of various
instructional strategies on student achievement?

In this chapter, the generic term ‘‘instructional strategies’’ will be
used to cover instructional strategies, teaching techniques, and meth-
ods. One may view instructional strategies as a limited aspect of a more
complex teaching plan that describes either the teacher’s or student’s
role in the instructional process.. By contrast, an instructional system is a
general plan, encompassing many aspects, for conducting a course over
an extended period of time. In this chapter, we will discuss instructional
strategies and then consider instructional systems. We will conclude
with implications for an effective science classroom.

Instructional strategies may be classified in a number of ways (16).
Strategies in which the teacher has direct control are referred to as
“‘teacher-centered.”” Common examples include lectures, demonstra-
tions, teacher-led discussions, and questioning. ‘‘Student-centered”
strategies allow students to play a more active or self-guided role. Com-
mon examples are laboratory activities, use of learning activity packets,
and student-planned activities. Instructional strategies may also be clas-
sified as ‘‘direct’” or ‘‘deductive,”” or as ‘“‘indirect’” or “inductive,”
each encompassing both aspects of student and teacher-centered in-
struction. The use of direct strategies implies that science is being com-
municated by the teacher. to the student. The teacher is in control. In-
direct strategies suggest the teacher plays the role of facilitator, guide,
or catalyst. Science is being communicated through the materials to the
student. The use of different strategies may require shifting role relation-
ships and responsibilities for both teachers and students.

Research on the quality of instruction is extensive, diverse, complicat-
ed, and often appears to be inconclusive. Reviews of hundreds of stud-
ies have resulted in disappointment on the part of many reviewers who
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perceive a lack of substantive research in the quality of instruction and
its influence on student learning (18). Often, attempts at research synthe-
sis, based on the qualitative character of the research, give rise to dif-
fering views on the summative findings in a given research area. Long
narratives citing study after study provide little basis for objective com-
parison and accumulation of results. If study characteristics and out-
comes could be quantified, research synthesis might gain a new preci-
sion and objectivity, providing a finer measure of what is known, as well
as giving a better picture of the gaps and flaws in the accumulated re-
search (4).

A technique that allows quantitative symthesis of a large number of re-
search studies is meta-analysis (9, 10). Meta-analysis is proving useful in
translating the results of numerous studies on a particular topic into a
concise form that is understandable to those who may be in a position
to apply the results. (For a fuller discussion of meta-analysis, see
Chapter 1.) )

From the results of recent meta-analyses of instructional strategies,
some clear directions can be indicated for constructing a working model
of effective classroom practices. The first major meta-analysis of instruc-
tional strategies was conducted by Boulanger (4). The purpose of his
study was to synthesize quantitatively the published science education
research conducted during 1963-1978 with students in the 6th through
12th grades. Through a simple count of independent variables (instruc-
tional strategies), he identified from fifty-one studies six instructional
clusters that related to cognitive outcomes.

The instructional cluster that produced the most significant gains in
improving student conceptual learning was the use of preinstructional
strategies such as behavioral objectives, advanced organizers, or set in-
duction. These studies compared the effects of using a preinstructional
strategy with a comparable instructional treatment, where no preinstruc-
tional strategy or placebo was used.

Preinstructional strategies may take any of several forms. A teacher
may communicate the behavioral objectives to the class prior to begin-
ning instruction. Set induction strategies prepare students for learning by
directing or focusing attention on what is to be presented or learned, by
frequently motivating students to attend to the lesson, and by encourag-
ing students to become interested. Set induction strategies may take the
form of questions that interest the student and can be answered later in
the lesson. Advanced organizers allows the teacher to relate what is to
be learned to what is already known. For example, this might be done
by comparing the circulatory system to a hot water system prior to a
presentation on the circulation of the blood. Advanced organizers relate
the unfamiliar to the familiar. Use of any or all of these preinstructional
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strategies can improve student conceptual learning, especially when
used with other instructional activities by classroom teachers.

Boulanger also found that greater realism or concreteness of sup-
porting instructional materials was associated with greater cognitive
achievement. Instructional materials may be placed on a continuum
from concrete to symbolic: manipulatives are more concrete than are pic-
torial stimuli, which, in turn, are more concrete than printed text materi-
al. Similarly a student’s lab experiment is more concrete than is a
teacher’s demonstration, and the teacher demonstration is more con-
crete than a lecture. All the studies Boulanger looked at showed that
greater realism or concretness in supporting instructional materials led to
greater cognitive achievement. When given a choice, those teachers
who utilize manipulatives, pictorial stimuli, or hands-on experiences in
appropriate instructional situations will be more effective in producing
cognitive achievement.

A second large meta-analysis was conducted by Wise and Okey as
part of the University of Colorado Science Meta-Analysis Project (21).
The purpose of this study was to synthesize findings concerning the ef-
fects of various teaching strategies on science achievement. Through
analysis of 160 studies, twelve categories of teaching techniques or in-
structional strategies were identified. All the categories represented a
variety of means researchers have used to bolster science achievement
by altering one or more aspects of the instruction situation.

The average impact of the teaching strategies analyzed in this report
was an increase in achievement of about one-third of a standard devia-
tion, or 13 percentile points. The most pertinent categories (those greater
than one-third standard deviations) will be discussed here to identify
their contribution to an emerging effective science classroom.

The most significant category identified is wait-time. Wait-time occurs
when a teacher pauses from three to five seconds after asking a question
and again after the student response is given. When teachers employ
wait-time, researchers have found the length of student responses in-
creases, the failure to respond decreases, the incidence of speculative
thinking increases, student-to-student interactions increase, and more
questions are asked by students. Wise and Okey found that use of wait-
time strategies increases cognitive outcomes, critical thinking, creatively
logical thinking, and affective measures by .90 standard deviations (21).

Another category of instructional strategies that proved highly signifi-
cant was the use of focusing techniques. Focusing occurs when students
are alerted to the objectives or intent of instruction before, during, or
after instruction. General examples include providing students with ob-
Jjectives, reinforcing objectives at various points during instruction, or
using advanced organizers. Focusing strategies help students focus their
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attention on what is to be learned, much the same as the preinstruction-
al strategies discussed earlier.

Another category Wise and Okey created is one that corresponds to
Boulanger’s cluster of realism or concreteness. Wise and Okey refer to
this as manipulation. Manipulative activities require students to handle,
operate, or in some way work or practice with physical objects as part of
the instructional process. Being involved with concrete manipulatives is
much more effective in producing large effects in achievement than hav-
ing students observe someone else performing an experiment, or merely
reading about it.

Wise and Okey reported a number of other categories in which large
effects in science achievement were shown (21). In all cases, teachers
had altered some aspect of the instructional situation. For example, by
modifying or revising instructional materials, teachers contributed to in-
creased achievement. Materials were rewritten for a specific reading lev-
el or were annotated. Directions were presented erally, pictorially, or by
audiotape.

Another attempt to alter the instructional process was through the use
of questioning strategies to improve achievement. By varying the levels
of questions asked or the positions of questions asked during instruc-
tion, teachers can help increase student achievement. For instance, at-
tempts might be made to ask more questions requiring comprehension,
application, or analysis skills instead of relying on knowledge-level ques-
tions. Or, teachers may ask questions during films, or before, during, or
after assigned reading. The use of questioning strategies represents a de-
liberate attempt on the part of the teacher to involve students in the in-
structional process and helps call the students’ attention to significant
facts or concepts.

Another category of effective strategies related to using tests to im-
prove achievement. Usually this involved a change in the frequency of
testing, the purpose of testing, or the level of test items. Examples of ef-
fective use of tests include formative testing, immediate or explanatory
feedback, diagnositic testing and remediation, optional testing, and
testing to mastery.

Two categories produced smaller achievement effects (around one-
third standard deviations). The inquiry-discovery category included
teaching techniques that were more student-centered and less step-by-
step teacher-directed learning experiences. When teachers utilized in-
quiry lessons, guided discoveries, or inductive laboratories, improve-
ments in achievement were noted. A similar category -called
‘‘teacher-direction’” included variations in the extent to which the
learning task was spelled out for the student. Examples include situa-
tions in which students conduct experiments or activities given only
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sketchy direction, or when students select specific objectives and as-
sume responsibility for learning those objectives.

What is important about the results reported by Wise and Okey is
that a deliberate attempt was made by teachers to alter some aspect of
the instructional environment to produce gains in achievement. The cat-
egories discussed above have resulted in successful teaching and
learning.

The Wise and Okey study offers support for other recent research re-
views that have concluded that direct teaching strategies have greater
impact than indirect ones (14). The large effect sizes of wait-time and fo-
cusing are related to direct instructional strategies. The relatively
smaller effect sizes of inquiry-discovery and teacher direction are relat-
ed to indirect instruction.

While the results of these two meta-analyses are not definitive and
specific toward a particular instructional strategy, they do provide an
overview and suggest some directions for future research. A number of
implications can be drawn upon which to build a picture of the effective
science classroom, which we will discuss later. Upon closer analysis,
these quantitative results agree fairly consistently with the qualitative
summaries of research on instruction that have been reported in the sci-
ence education literature (13, 17).

Inquiry-teaching and learning have been prevalent aspects of the sci-
ence education literature of the past quarter century. The results of four
meta-analysis studies point to positive results from inquiry teaching (2).
Separate meta-analysis studies of elementary and secondary science cur-
riculum projects found the use of curriculum materials developed with
an inquiry philosophy to be more effective in enhancing student per-
formance than most critics were willing to admit. Student achievement
scores, attitudes, and process and analytic skills were either raised or
greatly enhanced by participation in the new science curricula. Wise
and Okey, in their analysis of instructional strategies, found an increase
in cognitive outcomes when the inquiry-discovery strategy was used in
science classrooms (21).'In a study of the effects of inquiry teaching
compared with inductive and deductive teaching approaches, positive
support was given to inductive teaching strategies (12).

While the support for inquiry teaching and learning is not significantly
conclusive, inquiry teaching appears to be a viable strategy that science
teachers need to consider in any attempt to increase their effectiveness.
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What does the research say about how an effective science
classroom looks?

The effective science classoom is one in which instructional objec-
tives are formulated and communicated to the students prior to the start
of a unit of instruction. The objectives are carefully planned by the
teacher and may have criterion-performance levels identified that are
needed for mastery. Throughout the process of instruction for each
unit, students receive feedback about their progress toward those ob-
jectives.

Teachers use set induction and advanced organizers to direct or focus
attention to the lesson and provide connections between new learning
and previous learning. These may take the form of questions that inter-
est the student and that can be answered later in the lesson, or they
may be short activities, demonstrations, or the presentation of familiar
ideas that are related to what-is to be learned. In effect, students are
prepared for instruction either at the start of the unit or daily as a result
of deliberate planning and actions taken by the teacher.

Students interact physically with instructional materials whenever
possible through handling, operating, or practicing. Efforts are made
by the teacher to provide greater realism or concreteness with the mate-
rials of instruction. Greater efforts are made by the teacher to incorpo-
rate use of manipulative and pictorial stimuli along with printed matter.

Teachers alter instructional materials or classroom procedures when
they think that these alterations will increase the impact. For example,
materials may be rewritten for clarity or reading level. Alternative read-
ing materials may be provided for those students who have reading dif-
ficulty. Directions may be presented in other than written forms. Altera-
tions occur as the result of deliberate action on the part of the teacher.

Greater attention is given by teachers to the types and placement of
questions asked in the classroom. Attempts are made to ask fewer
knowledge-level questions and to ask more questions requiring students
to show that they comprehend, can apply, and can analyze what they
have learned. Questions may be asked to cause students to hypothesize
about what might happen, to make inferences about what is observed,
or to apply what they have learned in a different context. The teacher
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asks questions throughout the lesson at appropriate times so that stu-
dents attend to the instructional process. Yet, a barrage of questions is
avoided. Questioning is part of the instructional plan. Teachers give stu-
dents more time to respond to questions and wait longer before they act
on a student’s response. This action increases the length of student re-
sponse, decreases the failure to respond on the part of students, in-
creases the incidence of speculative thinking, promotes more student-
to-student interactions, and causes more questions to be asked by
students. In effect, the teacher bases verbal interaction with students
on a plan that is formulated to yield desired results.

Greater use of formative (progress) testing techniques is made in con-
junction with immediate or explanatory feedback, with possible reme-
dial activities. Students select from a ‘‘menu’’ of remedial activities.
Whether mastery learning has been adopted totally or not, some of the
features of mastery learning will be utilized as part of a plan to assist stu-
dents with their learning. .

The effective science classroom reﬂects considerable teacher plan-
ning. More thought and care are given to maximizing learning outcomes.
Teachers are aware of ways to utilize the time available in the classroom
to increase the amount of academic engagement time (time-on-task) on
the part of their students (5). Classrooms in science are better managed
by the teacher. All of this reflects considerable effort and planning on
the part of the teacher with the aid of the students.

Will science teachers still use lectures and recitation? Probably so.
Will the textbook still be the key to new information, determining the
sequence of instruction and what is learned? Probably so. But not to the
extent revealed in studies of current practice. Lectures will be shorter,
more interesting and meaningful; discussions more involved. A portion
of the textbook will be read very carefully. The students will learn more
and will find greater satisfaction in science classes.

The picture of an emerging effective science classroom is a vivid con-
trast to the typical or traditional classroom described earlier. In order to
achieve it, science teachers need to realize that choices are available in
terms of possible actions to take. Science teachers must make decisions
in light of their own particular instructional context about how to pro-
ceed to implement an effective science classroom based on research
evidence. The teacher is still the most important variable in the class-
room (6).

Summary

A probable cause for students’ failure to achieve in science classes is
the use of teaching strategies that are text-based rather than learner-
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centered. Meta-analyses have shown that several teacher practices are
associated with increased achievement. The use of pre-instructional
strategies (set-induction, advanced organizers), the use of thoughtfully
altered materials, and the use of more concrete experiences all lead to
greater cognitive gains.

Research also indicates that the diagnostic remedial cycle, and the
increase in time for learning, that is a feature of mastery learning leads to
increased learning. Thus, specific strategies for teaching an instructional
management system that permits feedback to students will lead to im-
provements in students’ learning.
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