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PREFACE

Science education probably has the longest and richest
tradition of research of all the subject fields in education.
With a background in one of the natural sciences, it is not
surprising that university personnel in science education
would have been interested in empirical studies. The interest
was strong enough ttat over a half century ago they formed
their own research organization, long before analogous- research
organizations were commonplace in other subject areas. The
interest persists; well over 3000 dissertation studies alone
have been conducted in s?ience education since mid-century.
Science educators have beén interested in conducting research
and in examining its impl&cations for classroom practice.

But when translating research results into practice, science
educators have faced thefsame difficulties encountered by other
educational researchers énd scholars in all areas of social
research, namely, how can you integrate the many findings
acquired from varying research settings and having conclusions
with less than perfect agreement. The numerous variables and
less than perfectly controlled situations common to all social
research have left science education with the task of finding
meaning in a complex set of research findings.

Quantitative procedures for integrating research findings
give hope that the extant body of research literature can be

given increased meaning and clearer implications for practice.
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The recent emergence of meta-analysis led to its application

in several rtlaces in science education and finally to a proposal

to the National Science Foundation seeking support for the
project reported herein. Its purpose was to (1) identify the
ma jor areas of science education research in which sufficient
studies have been conducted to permit useful generalizations
for educational practice, (2) conduct meta-analysis of each
of these areas, and (3) prepare a compendium of these meta-
analyses along with interpretive and integrative statements.
‘This report constitutes that compendium.

A project of this scope, of course, involves a large
number of people and acknowledgment of their extensive efforts
is gratefully given. Although varied in terms of their role
and involvement, each made important contributions to the
overall endeavor.

The local pfoject staff included Stuart R. Kahl, who
served as associate divector during its first year. His
work in coordinating the literature searches and coding
form development, as well as in preparing common data file
formats and serving as a statistical consultant to the
research assistants, was of major importance. Other local
staff included Gene V Glass and Mary Lee Smith, developers

of the meta-analysis technique, who were a guiding force in

the development of the project, trained the research assistants,

and served as consultants to them in their work.' Other key

people in the project were the secretaries, Ellen Ward and

later Lisa Hamilton, whose sterling performances were invaluable.

The staff extended far beyond the University- of Colorado



and included personnel from six other universities. The
original participants were an advisory committee consisting
of one person from each institution as follows:
J. Myron Atkin, Stanford University
Robert Howe, Ohio State University
James Okey, University of Georgia
Lee Shulman, Michigan State University
James Shymansky, University of Iowa
Wayne Welch, UnivePsity of Minnesota
All played an important role in shaping the project at its
inception; two of them, James Okey and James Shymansky,
continued in the project as researchers.

' The extensive work of the many researchers involved in
this project is reflected in their authorship of *he several
chapters of this report. In addition to persons already
mentioned they include a cadre of people appointed as research
assistants at each of the institutions involved. Among this
staff were William C. Kyle, Jr. and Jennifer M. Alport of the
University of Iowa, John B. Willet and June J. M. Yamashita
of Stanford University, Keven C. Wise of the University of
Georgia, Gerald W. Lott of Michigan State University, Gary
L. Sweitzer of Ohio State University, Cynthia Ann Druva of the
University of Minnesota and Mark R. Malone and M. Lynnette
Fleming of the University of Colorado. Their work reflects )

not only the many hours required in the labor-intensive meta-




analysis process but their high level of professional competence
and scholarly ability.

RDA
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SCIENCE EDUCATION: A META-ANALYSIS OF MAJOR QUESTIONS

While meta-analysis (Glass, 1976) has been on the educa-
tional research scence for only a few years, it has become
established as an important technique. It is proving useful
in translating the results of numerous studies on a particular
topic into a concise form that is reflective of the multiplicity
of data found in the many studies, and understandable to the
educational practitioner who may be in a position to apply
the results. The characteristics of this methodology and
guidelines for employing it are well documented (Glass,

McGaw, and Smith, 1981). While this approach already has been
utilized for several science education questions, it has
additional potential value if applied to the wide sweep of
major science education research questions in a systematic
manner. Such an approach requires focusing on the major
reseaf&h questions in the field, giving attention to various
subquestions subsumed under e;ch ma jor question and examining
common themes that cut across the major questions.

A project of this design -was conducted under National
Science Foundation Grant No. SED 80-12310. Within the
conceptual framework described above, a large number of
research studies were integrated with t“e results providing
1 basis for interpretive and integrative statements about

the major questions addressed in the science education

research literature.




//\\ A MULTI-INSTITUTIQNAL ENDEAVOR

Although primarily conducted at the University of Colorado,
major portions of the project work were done under a multi-insti-
tutiot al arrangement involving researchers from six other irsti-
tutior.s. A leading researcher from each of these institutions
constituted an advisory committee to aid in identifying the
research questions pursued and assisted in designing an
endeavor encompassing the work of cne or more researchers
from their home institutions in this project. The actual
coding and analysis work was conducted by researchers located
at the indicated six research centers and the University of
Colorado. At each location an individual or a team of up to
three researchers conducted this work.

Prior to beginning this coding and analysis work, all
of the researchers attended a week-long session for training
and coordination of work. During this time each individual
or team developed the initial version of the coding forms
with 2 large percentage of the categories and format in common.
This process resulted in a data base which can be examined
across research questions.

This multi-institutional approach had both advantages
and disadvantages. It was possible to involve a large research
group which was not already extant at one institution. It
had further advantage of stimulating meta-analysis work in
a variety of locations where in many cases it was not already
underway. One of the disadvantages was the inability to
readily shift manpower among questions as their scope became

more clearly identified during the actual coding process. As

iy



a result there is variation in the thoroughness with which

the literature has been sampled for each of the research
questioné. Though this variation is identified here as a
disadvantage, it is not a serious problem as indicated in a
later section of this report.

IDENTIFYING THE; RESEARCH QUESTIONS

The first step in the Project was to identify the major

.

science education question"to pursue. It was accomplished
by a combination of (a) empirical analysis of the extant
research, and (b) expert judgment as to the importance of
particular questions. Major attention was given to the
empirical analysis rather than the expert Jjudgment, however,
in that the basic approach was to include whatever empirical
analysis showeq to be the subject of a substantial number of
research investigations.

The first step was initiated by collecting and examining
"a representative sample of science education research studies.

Literature was sampled across time and type oS publication and

included studies from The Journal of Research in Science Teaching,

Science Education, Dissertation Abstracts, and the most recent

rbstracts of presentations for the National Association for

desearch in Science Teaching annual convention. About 300 such

research articles were sampled, and the major (as well as

subsidiary) questions addressed recorded.




The questions collected were then classified into some broad,
general categories. Five persons classified separate bortions of

the questions into categories. These categories, developed independ-

ently by each of the-five persons, had much in common. The entire
group of five then examined the questions and organized them into
a simple classification system. It resulted in thirteen general
areaé encompassing all but a small percentage of studies which
neither fit within these thirteen categories nor constituted a
meaningful grouping themselves.

The researchers then went back to the literature (including

the Curtis digests of Research in Science Education of several

decades ago) to see if additional research questions fit within
the framework that had been empirically derived. This cross-
validation indicated the categories were appropriate.

The next step was to develop a full description of each of
these thirteen areas, They were identified by a generic question
for each area along with sample subquestions. These sample sub-
questions were examples of a larger set of such subquestions; they
were a representative and not exhaustive set. In additica, defini-
tions of terms, descriptions of some variables, and a limited
rationale for considering the questions were provided.

A form was then developed on which responses could be obtained
from other science education researchers concerning these categories.
Twenty people were mailed a full description of the thirteen areas,
a response form, and a cover letter requesting that they be prepared
to discuss the material by phone., All twenty people responded to
a telephcne request for,their judgments on the relative importance

of these questions and the adequacy of the literature for doing a

O
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meta-analysis, While these judgments of the relative importance
of the questions were of value, the judgments of the relétive
importance of the questions were largely subofdinated by ar
empirical search of the total science education research.
Literature searches were conducted on a sampling basis to
* obtain an estimaté of the size of the lite{?ture and determine
if sufficient studies existed for a meta-analysis of each question.
Abbreviated computér searches were conducted using data bases such
» as ERIC, Dissertation Abstracts, and Social Science Research. The
| citations obtained then &ere screened to eliminate those items

which were not research publications. Subsequént investigation
indicated soﬁe problems with the manner in which the computer
searches had been conducted, so additional searches were done

"by hand'" as a check. They were done on a sampling basis using
selected annual reviews of science education résearch and Science

Education - A Dissertation Bibliography, a listing of all Hoctoral

dissertations pertaining to science education conducted between
1950 and 1977. These procedures provided a rough estimate of the
size of the literature pertaining to each of the thirteen questions.
At this point a;two—day conference of the advisory céﬁmittee
was convened to confer with the project staff and produce a final
classification of research qdéstions for meta-analysis as well as
identify important variables to incluae when integrating the research
foy each question.,

- Oné of the original questions ("What are the goals and priorities
of science education?") was eliminated due to an insufficient number
of empirical studies, even though it was ranked high in importance.
The other twelve questions were recombined into a broader set of

[]iﬁ:estions as follows:

Toxt Proviaed by G . . 1 B X
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I. What are the effects of different curricular programs
in science?

II. What are the effects of different instructional systems
used in science teaching (e.g. programmed inétruction,
master learning, departmentalized instruction)?

III. What are the effects Qf different teaching techniques
(e.g. questioning behaviors, wait-time, advance or-
ganizers, testing practices)?

IV. What are the effects of different pre—éervice and in-
service teacher education programs and techniques?

V. What are the relationships between science teacher
characteristics and teacher behaviors or student
outcomes?

VI. What are the relqtionships between student characteristics
and student outcomes in science?

While these six questions as stated were pursued initially,

some of them were delimiied further when subsequent search activities

made it clear that they were too broad to complete within the resources

of the project.
THE LITERATURE SEARCH PROCESS
Identifying and collecting the research studizs to be part
of a meta-analysis is a major step in the total endeavor. This
aspect Qf the project will be described in terms of the (a) limita-
tions plgced on the studies to be included, (b) search strategies
employéd, and (c¢) variations in the literature covered among the

major questions within the total project.
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Restrictions on Scope of the Quescions

Because of the need to keep the meta-analysis to a manageable
size and to maintain some degree of commanality among the studies
included under a particular question, the following restrictions

were placed on the studies to be included.

1. The studies were limited to those conducted in the
context of grades K through 12,

2. The studies included were limited to those conducted
within the United States.

3. For questions I-IV, only those with a control group
were included.

4, The studies were limited to those published in 1950

or later.

.The Search Process

In a departure from many past meta-analyses, it was decided
that the search process would begin with dissertations because
of the thoroughness with which data are typically reported therein,
and because such a large percentage of research studies are con-
ducted within that context. This process of searching dissertations
was greatly facilitated by the existence of the previously mentioned
bibliography which lists all doctoral dissertations pertaining to
science education counducted between 1950 and 1977. This document
lists approximately 3,200 science doctoral dissertations; the entire
document was systematically examined to identify each potential
dissertation which, by title anu qategorization within the piblio-
graphy, appeared to be a potential for the meta-analysis. These

approximately 1,000 dissertations were obtained on microfilm from




the Sci?nce and Mathematics ERIC center at Ohio State University.
Each dissertation was read to determine if it actually pertained
to the topic at hand and, if so, it was utilized in the meta-
analysisl !

.

Another facet of the search process was screening the biblio-
graphies in each coded publication to identify additional studies
to be included in the meta-analysis. In addition to identifying
journal articles through this standard bibliographic search method,
ERIC searches and simple screening of the entire collection of
issues for the relevant years of selected journals were conducted.
Among the various research sites, the procedures fer identifying
journal reports to be included varied considerably. Whatever
mechanism was used, a high percentage of the articles located
were reports of studies already coded from dissertations. Finally,

some studies utilized in this meta-analysis were reported in other

sources such as books or unpublished reports.

Variations in Literature Covered

While there was considerable variation in the amount of litera-
ture covered among the several research sites, there was consistency
in removing many studies from consideration without coding them
once they had been read and their exact éharacter ascertained.

While 769 studies were coded, nearly 2,000 studies were read in
the process. Among the reasons for excluding studies were the

following.

a. The most common reason for eliminating a study was

inadequate reporting, i.e., not enough information

S 10\
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was provided to make it possible to calculate an
effect size.

b. The study did not utilize a control group.

¢. The study was not within the K-12 limit: most studies
eliminated were college level.

d. The study was conducted outside the United States,

Even given this limiting of the studies included, many of
the researchers were faced with a body of literature larger than
was possible for them to code and analyze completely within their
time limitations. The means of limiting the number of studies
varied from one site to another but generally were one of the
following threeoapproaches. (a) Some sites found it possible
to code and ana.yze essentially the entire body of literature
located through the search procedure described above and contained
within the boundaries cited earlier. (b) Some sites chose to
limit the scope of their original question to one or more key
subquestions. (c¢) Some maintained the scope of their coverage

but selected only a portion of the studies for analysis,

CODING THE STUDIES
Meta-analysis endeavors are very labor-intensive; the most
time consuming part is reading each study and recording on the
coding sheets each relevant piece of information. Of the dozens
of items of information potentially available for a given study,
the major one is an effect size that provides a quantitative
comparison of the effects of the experimental and control group

Q@ or in the case of a correlational study, the correlation between
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two variables). For an experimental study, an effect size is
calculated which provides a normalized measure of the difference
in performance of the two groups with respect to a specified de-
pendent variable such as achievement, attitude toward science,
or any other outcome variable. Symbolized by the Greek letter
A and abbreviated E.S., effect size is defined as the mean
difference between the given variable for the experimental

group and control group divided by the 'standard deviation of

the control group.

Sc
where §+ = mean of experimental group,
Xc = mean of control group, and
SC = standard deviation of the control group.

The calculations involved in determiﬁing the effect size
vary considerably depending upon the particular form of the data
reported in a given study. The numerous procedures réquired in
the various situations are well developed (Glass, McGaw, and

Smith, 1981).

INTEGRATING THE RESULTS
Once the coding (recording information on all demographic,
independent and dependent variables available in the report) for
all of the studies in the meta-analysis has been completed,
attention is turned to integrating this information. This step

involved calculating an average effect size (A, a simple arith-

Iy

)




metic average) {rom all those obtéined on a given outcome variable
such as achievement (and/or some particular category of achievement),
attitude toward science, laboratory skills or whatever outcome ‘
variable has been examined within some subset of the studies
invol&ed. Furthermore an ﬁverage effect size can be calculated

for a particular outcome variable frém all studies with a parti-

cular independent variable and this average effect size then can

be compared to the average effect size on the same outcome variable
for those studies having a different independent variable. TFor
example, in the meta-analysis of studies of instructional systems

in science (at K-12 levels) the average effect size on cognitive
achievement for S5 studies of audio-tutorial systems was .09 standard
deviations higher than the control groups, while the average effect
size on cognitive achievement for 7 studies of "Keller Plan"

systems was .49 standard deviations higher than their control

<

groups. This same type of comparison can also be made 7ur other

outcome variables. TFor example, one of the audio-tutorial studies
had an affective measure, it was an effect size of .33 in favor of
the experimental group. Two "Keller Plan" studies had an affective
measure with an average effect size of .52. Similar statements
can be made about these two instructional systems with respect
to any other outcome measures included in some of the studies
and similar comparisons can‘be made with other instructional
systems with respect to any outcome measures included in studies
of these systems.

A variety of issues have been raised about the interpretation’
of such results as descrihed above. For a discussion of the issues
the reader is referred to a recent article (Glass, 1982) or book

on the topic (Glass, McGaw, and Smith, 1981).

)
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PROJECT RESULTS

The results of the meta-analysis in this project are reported
in the following chapters of this report. They include one chapter
associated with each of the previously identified questions (two
chapters in the case of question ILI) and a chapter dealing with
research issues for which data is drawn from one or more of the
separate meta-analyses, Brief descriptions of tﬁe data files
acquired are provided in each of the individual research papers.
Copies of the coding sheets used and the complete bibliography

of research studies coded are provided in the appendices of this

'report of the project. The total data base has been compiled

on one master file at the University of Colorado and is available,
along with a User's Manual (Kahl, Anderson, 1982), to other

rescarchers who wish to use it.
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THE EFFECTS OF NEW SCIENCE CURRICULA

ON STUDENT PERFORMANCE

An Abstract
o

Elementary, junior high and secondary school science experienced
2 tremendous curriculum development and growth beginning in the late
1950's, through the early 1970's, that can be described only as
phenomenal. -Several groups of concerned scientists and educators
developed modern science programs with a major emphasis on the nature,
structure, and unity of science while accentuating the investigative,
exploratory phases of science, and the development of scientific
inquiry. In contrast to these new curricula, "traditional" courses
generally tended to concentrate on the knowledge of scientific facts,
laws, theoriés, and technological applications (Haney, 1966; Klopfer,
1971; Schwab, 1963).

The public became very science end technology conscious following
the historic launching of Sputnik I by the Soviet Union on QOctober &4,
1957. The numerous "alphabet-soup" curricula which were developed
as a result of public outcries and financial support from federal
agencies and private foundations were aimed at rekindling student
interest in science and upgrading the lethafgic science curriculum in

the schools. Morris Shamos, a noted physicist, science educator, and

curriculun director, estimated that 5 billion dollars were spent to

improve K-12 science education during the 15 years following Sputnik 1
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(Yager, 198la). A substantial amount of this support was from the
National Science Foundation (NSF).

Since the inception of the NSF sponsored curriculum development
era there have been numerous evaluation efforts to assess the impact of
the new science curricula versus traditional science courses. The
question as to whether the newly developed curricula were any 'better"
than the traditional courses became a leading issue in science educa-
tion. The large body of research on the effects of the new curricula
is generally viewed as inconclusive. A brief scan through the litera-
ture reveals that some,studies claim that the new curricula facilitate
cognitive and/or affective achievement while others élaim that they
do not. Thus, after 25 years of sporadic implementation, the question
of how effective new science cuv-ricula actually are in enhancing
student performance is still unanswered.

This study utilizes the quantitative synthesis perspective to
research integration known as meta-analysis (Glass, 1976) to synthesize
the results of 105 experimental studies involving 45,626 students.
Thus, this study is a quantitative synthesis of the retrievable primary
research focusing on the effects of new science curricula on student
performance. A total of 27 new scienre curricula involving one or
more measuces of student performance are included in this meta-analysis.

Data were collected for 18 a priori selected student performance

measures. These 18 criterion variables were grouped into 6 criterion

clusters as follows:




d D

l. General Achievement Cluster :
&, Cognitive - low
. b. Cognitive - high
S c. Cognitive - mixed/general achievement

-~ \\ .
2. ~Perceptions Cluster
a. Affective - attitude toward subject

-

b. Affective - attitude touward science
c. Affective - attitude toward procedure/methodology
d. Self-concept -

3. Process Skills Cluster
a. Process skills
- b. Methods of science f

4. Analytic Skills Cluster f -
a. Critical thinking
b. Problem solving

5. Related Skills Cluster
a. Reading
b. Mathematics
: c. Social studies
d. Communication skills

6. Miscellaneous
a. Creativity
b. Logical thinking (Piagetian)
c. Spatial relations (Piagetian)

effectiveness, the data are arranged in three broad categories: cur-
riculﬁm characteristics, student or teacher factors, and study design
features. The variable analyzed in all cases is student performance
measured in terms of the meta-analysis common metric known as 2ffeect
size (Glass, 1976). The effect size is a common metric derived from
the various tests of student performance in all the studies analyzed
and provides a basis for comparison across the many studies addressing
the broad question of curriculum effectiveness.
The results of this meta-analysis reveal definite positive

patterns of student performance in new science curricula. Across all

new science curricula analyzed, students exposed to new science

\

In addressing the overall question of new science curriculum
|
|
|
\
|
|




curricula performed better than their traditional counterparts in

achievement, analytic skills, process skiils, and related skills, while
developing a more positive attitude toward science. On a composite
basis, the average student in new.science curricula exceeded the per-
formance of 63% of the students in traditional science courses.

Further breakdowns of the student performance data reveal other
interesting characteristics of new science curricula. For example, new
science curricula in biology (i.e., the BSCS programs) produced the
most positive performance scores among the science disciplines, while
chemistry and earth science curricula appear to have had the least
positive impact. Also, studies involving new science curricula judged
to have a low emphasis on laboratory activity showed students out-
performing their traditional course counterparts by larger margins
overall than those new science curricula judged to have a high labora-
tory emphasis. On the other hand, studies involving new science
curricula judged to have a high emphasis on process skill development
shnwed students out-performing traditional course students by larger
margins on analytic skill measures than those involving curricula
judged to have a low process skill emphasis.

In terms of overall performance, science curricula produced
equally positive results when broken down by grade level (K-35, 7-9,
10-12, post secondary). However, student performance in new science
curricula was significantly enhanced where mixed samples of male and
female students were studied compared to either predominantly male or

female samples.

b}

14}
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Finally, the quantitative synthesis revealed that student per-
formance in new science programs was adversely affected when teachers
received inservice or preservice training in the use of the new curric-
ulum materials. Alternative explanations for this and other findings

i
are thbroughly discussed in this study, l
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THE EFFECTS OF NEW SCIENCE CURRICULA

ON STUDENT PERFORMANCE

INTRODUCT ION

Since 1955, and particularly during the 1960's and early 1970's,
elementary, junior high, and secondary school science curricula
experienced considerable growth and substantial change which can be
described only as '"'phenomenal." It is generally accepted that the
launching of Sputnik I on October 4%, 1957 stimulated this sudden
growth and concomitant curriculum development. In an attempt to "make
up lost ground" in the technological race with the Soviet Union,
American sciéntists and educators initiated an all out effort to up-
grade science curricula and science instruction. The public became
very science and technology ccnscious during this period of time as
federal agencies and private foundations provided financial support
for the resulting wave of new science curricula.

New science programs emerged quickly for high school physidé,b
chemistry, and biology. The development soon encompassed the junior
high and elementary science programs. Within 15 years of the his-
torical launching of the Rus;ian satellite, dozens of "alphabet-soup"
science curricula were developed including‘such well-known programs

as PSSC, CBA, BSCS, CHEM Study, ESS, S-APA, SCIS, and ESCP; as well

as other lesser known programs such as COPES, ISLI and IS. One noted
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scientist and educator, Morris Shamos, estimated that approximately
5 billion dollars were spent on K-12 science improvement during the
15 year post-Sputnick era (Yager, 198la).

A complete set of goals and objectives for the new science curric-
ula were never really articulated by the numerous new curriculum
designeﬁ%. The prevailing notion, however, was that the traditional
courses which tended to concentrate on the knowledge of scientific
facts, laws, theories, and technological applications were somehow
ineffective in developing the creat}ve genius needed to forge ahead
in a rapidly evolving scienctific world (Haney, 1966; Klopfer, 1971;
Schwab, 1963). . The new science :urricula were supposgd to rekindle
student interest in science and accelerate the development of a 21st
century science perspective by emphasizing the structure and process
of science. Rather than allowing the students to get bogged down in
the rhetoric of conclusions as was the pattern with traditional
courses, the new curricula were to stress doing science and learning
how to learn. New science curricula quickly came to be associated
with process objectives and skills while traditional scgence curricula
were tabbed as being fact-oriented. The process versus product

characterizations of new and traditional science curricula still per-

»
/

sists.

After nearly 25 years. and over 5 billion dollars, the question
of how effective new science curricula actually were in enhancing
. student performance is still uvnanswered. Money for continued develop-

ment of science programs has been withdrawn and public sentiment
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apparently favors a move back to the basics. This move back to the
basics would imply support for more traditional, fact-oriented science
courses. However, the decisions to withdraﬁ\éupport for curriculum
development and implementation and to re-emphasize traditional course
objectives should be based on a ééreful examinatior of evidence, not
on some gravity-like force that moves the curriculum pendu?gm back

and forth. This report addresses the question of new scielce curric-
ulum effectiveness by meta-analyzing the results of many studies which

have addressed this issue during the past 25 years.

STATEMENT OF THE PROBLEM

This study was designed to synthesis éuantitatively the collec-
tive r;;earch dealing with the effects of new science curricula on
student performance. This meta-analysis incorporates large numbers of
studies pertaining to the overall assessment and evaluztion of new
science curricula (versus traditional courses) on student performance.
The meta-analysis approach to research integration, developed by
Glass (1976), applies the attitude of data analysis to quantitative
summaries of individual studies. Meta-analysis is a statistical
analysis of the results of a large number of analyses of' original
research on a common topic.

For the purpose of this report, new science curricula are defined

as those courses or curricular projects which: ‘

a) were developed after 1955 (with either private or

public funds),
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b) emphasize the nature, structure, and processes of
science, .
c) integrate laboratory activities in daily class
routine, and
d) emphasize higher cognitive skills and appreciation
of science.
Traditional curricula are‘defined as those courses or programs which:
a) were developed or patterned after a program developed
prior to 1955,

b) emphasize knowledge of scientific facts, laws, theories,

and applications, and

c) use laboratory activities as verification exercises or

as secondary applications of concepts previously
cover'd in class.

In applying the above criteria to research studies reviewed, the
identification of new curricula was much more clear cut than the
identification of the traditional courSes due to the lack of detailed
information supplied in the studies. Similarly, it was difficult to
establish the level of treatment fidelity in most studies for both
the new curricula and the traditional; new curricula may have been
used jn traditional ways in some cases and vive versa. Where infor-
mation about such anomalies was available, such information was coded
and analyzed separately.

In addressing the overall question of the effectiveness of new

science curricula developed since 1955, the data in this report are

organized in three broad categories: curriculum characteristics,




student or teacher characteristics, and study or design cheracteristics.
The variable analyzed in all cases is the effect size (labeled E.S.

or A in the remainder of this report). The effect size i's a common
metric derived from the' criterion variable data réported in the indi-
vidual studies included in the report. -Representing both a magnitude
and direction of group differences, the effect size metric facilitates
a quantitative synthesis of individual studies in which student
performance in new science programs and traditional science courses

are compared.

In this meta-analysis, effect sizes were calculated for one or
more cf the 18 g priori discrete criterion variables selected for
analysis. Calculated effect sizes were analyzed for each of the
eighteen criteria separately and in clusters of related criteria.

The individual criteria (letteved) and the criterion clusters
(numbered) are as follows:
1. Achievement Cluster
a. Cognitive - low
b. Cognitive - high
c. Cognitiye - mixed/general aghievement
2. Perceptions Cluster
d. Affective - attitude toward subject
e. Affective - attitude toward science

f. Affective - attitude toward procedure/methodology

g. Self-concept




3. Process Skills Cluster

h. Process skills
i. Methods of science
4. Analytic Skills Cluster
j. Critical thinking
k. Problem solving
5. Related Skills Cluster
l.'Reading
m. Mathematics
n. Social studies
o. Communications skills
6. Miscellaneous
p. Creativity
q. Logical thinking (Piagetian)
r. Spatial relations (Piagetian)
Using the effect sizes calculated from the eighteen individual
criterion measures and the composite effect sizes calculated for the
six criterion clusters as the dependent variables and the three broad
factors (i.e., curriculU& characteristics, student or teacher charac-
teristics, and study or design characteristics) as the independent
variables, a series of specific questions dealing with the effect of
new science curricula on student performance were generated and
analyzed. The individual criteria and criterion cluster effect size
measures were analyzed by specific curriculum (e.g., PSSC, CBA, ESS),
by curriculum type (e.g;, physical science, life science, ezrth

science), by grade level, community type, student gender, student race,




student socio-economic status, teacher training, teacher characteris-
. tics, length of study, validity of study, curriculum profile, method
of. testing, and form of publication. The "Results" section of this
report provides a complete description of each question analyzed along

with the appropriate statistical summaries.

‘BACKGROUND -

Science courses have been a part of the school curriculum for
well over 200 years. During this period of time educational philoso-
phies, fanctions, purposes, goals, and objectives have changed drama-
tically. Similarly, the role of science in education has changed. 1In
assessing the impact of the new science curricula developed during
the past 25 years, it seems appropriate to reflect upon some of the
historical events leading up to the curriculum development era imme-
diately followin~ the launching of Sputnik.

To begin, what is referred to as "traditional" science courses
actually are courses or textbooks written in the post-World War II
era (1945-1956). Immediately following the war, the science curriculum
lacked articulation and coordination. General science was considered
a junior high subject, biology was typically required in 10th grade,
and chemistry and physics were offered as 1llth and 12th grade electives
and viewed as college preparatory courses. By 1950, some additional
courses such as applied science, physiology, electricity, earth
science, and physical science were offered.

During the post-World War II period, less emphasis was placed on

the memorization of information and more emphasis was placed on the




functional aspects of science. Although information acquisition was
still considergd the most important goal in education, the under-
standing of scientific principles and the development of problem
so%ving skills were also stressed. The laboratory gained new accep-
tance and importance during this period as well (Collette, 1973).
The latter stages of this period'saw several changes in the
science curriculum{ curricula were developed for gifted science
students; new courses in earth science were developed; attempts were

made to correlate science with other curricular areas; and, for the

first time, attention was given to elementary school science., Competi- |
tion in the textbook industgy intensified resulting in improved and |
updated textbooks and laboratory manuals in all science areas. Manu- l
facturers of scientific materials and equipment also began making '
serious efforts to improve classroom products (Lacey, 1966; Richardson,
1964; Thurber and Collette, 1368).
By the mid-1950's, scientists and educators were becoming increas-
ingly concerned over the decreasing percentage of high school students
enrolled in science courses -- especia}ly in physics. Colleges were
also beginning to express concern about the quality of the student's
high school science preparation (Novak, 1969; Washton, 1967). The
rapid scientific and technological advances of this period began to
pose a serious societal and educational problem. An understanding of
science and technology was becoming imperative, As Hurd (1961) noté&,'
the nature of this education had not yet evolved.

The National Science Foundation (NSF), conceived in the 1940's

and born in 1950, was ready to go to work when the nation became

‘ 34




concerned about the scientific capability and the status of science

»

education in the Un;ted States. NSF began locating brilliant investi-
gators and got them to work doing imaginative fundamentai research.

As NSF began to establish itself as the primary supporter of basic
research, they also began to get involved with public education. The
initial educational efforts were conservative in that NSF provided
graduate fellowships to the brightest young scientists in order to
attract them into becoming research scientists. Within a shopt period
of time, however, NSF realized that if a dramatic growth in the scien-'
tific and technological workforce was to be accomplished without
reducing quality, then the entire talent pool from which scientists

are drawn had to be greatly enlarged@. NSF began to support the efforts
of outstanding university scientists, educators, and learning theorists
in an effort to develop science courses new in conception, design, and
content and to educate teachers. Many scientists turned their atten-
tion from the laboratoFy to the classroom and became actively involved
in the curriculum reform movement. What followed was what many have
come to regard as the Golden Age of Science Education (Rutherford,
1980).

One of the first tasks in order to initiate the reform was to
examine the existing courses of study in science. Upon this examina-
tion of the science textheoks of the 1950's, it was evident that
sporadic attempts had been made in order to keep texts up-to-date by
adding bits and pieces to already existing content. The major problem,

however, was that traditional topics were never deleted. Science

. . . 0y
textbooks, in general, contained a mass of often unrelated information

o
<
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——— - - -- —much—of which was incorrect, outdated, and. irrelevant. to modern. . . .. .. . ___
science. The conclusion was that existing courses were not able to be
salvaged and that new courses of study in line with modern science and
modern learning theory would have to be developed (Collette, 1973).

The curriculum reform movemént had a gradual beginning with the
formal organizition of the Physical Science Study Committee (PSSC)

( . - late in 1956. This committee was the result of the 1954 recommenda-

tion of the Division of Physical Science df the Netional Academy of

Science that professional physicists work with high school and college

instructors in order to develop new physics courses and materials.

The plan was to bring about "immediate" change.

. The result was that some of the most innovative and spectacular
changes ever to oc;ur in American public school educétion took place
in the area of science (Collette, 1973). The public became very
science and technology conscious. Along with the increased public
support came increased financial suppart from federal agencies and pri-
va;e foundations. From 1956-1967 the NSF contribution to curriculum
reform projects at all levels exceeded $100,000,000 (Welch, 1968).

NSF also substantially increased the number of programs to improve the
science backgrounds of teachers. éolleges and universitieg estab-

lished institute programs which offered courses in science and mathe-

matics in order to update teachers. Whereas in 1953, there were only
two NST summer institutes in science and 'sathematics, in 1963 there

were 412 such institutes with about 21,000 teachers receiving instruc-

tion (Science Policy Research Division Report, 1975).
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By 1970, after a decate and a half of curriculum development and
implementation, the United States had apparently éstablished a preemi;
nencé in science education to match its status in basic scientific
research (Rutherford, 1980). The hundreds of millions of dollars

spent on curriculum development and Emplementation generally was felt
to be a good investment (Conant, 1976; Schlessinger and Helgeson, 1969,
Welch, 1968). Unfortunately though, many people felt that the job had
been accomplished, and thus the nationally funded curriculum effort;
began to slow'down raéidly. A small cadre of science educators claimed
that only part of the job had been cohpleted and urgéd NSF to continue
its work in‘the area of science education (Rutherford, 1980).

During the period of curriculum development, implementation, and
in-service institutes num;rous evaluation studies were completed to
assess the impact of these innovatiQe programs on.student performance.
The most t&pical assessment was a comparative study measuring one or
more s*udent outcome variablés with one.of the new curricula as a
treatment group and a traditional science course as a control’group.

By the mid 1970's, however, curriculum assessment and evaluation
efforts began to taper off without any real concluéive evidence that
the Golden Age of Science Education had produced any substantial gains
besides updating the subject matter.

During the 1975-76 academic year teacher educition activities werpe

J i
suspended. In 1976, NSF responded to Congressional pressure and

awarded contracts to assess the current status of science education at

the elementary and secondary levels (Butts, et al., 1980; Yager, 198la).
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NSF_funded a Status Study- of three major independent but related. . . . .
studies > be conducted in parallel (Rutherford, 1980). Each study was

designed from a different perspectfve to assess the status of.science

education in the United States (Helgcsop, Blosser, and Howe, 1978;

Stake and Easley, 1978; Weiss, 1978).

The focus of the Helgeson, Blosser and Howe (1978) Status Study,

conducted at.thé Cefiteér for Science and Mathematics Education, The

Ohio State University, was to report on the impact of activity in

curriculum development, teacher educatlon, 1nstructlon, and needs in .
science’education. Spe01f1cally, the purpose of their study was to:

1. review, analyze and summarize the appropriate
literature related to pre- college science instruc-
tion, to science teacher education, and to needs
assessment efforts; and

2, ldentlfy trends and patterns in the preparation of
science teachers, teaching practices, curriculum
materials, and needs assessments in science educa-
tion -during the period, 1955-1975. (Helgeson,
Blosser, and Howe, 1978, p. 1)

Their report is divided into five major sections.. One section deals

with existing practices ahd procedures in schools, another summarizes

science teacher educaticn, the following sectxon deals with controlllng
3
and financing education, the next reports on needs assessment efforts,

and the final section presents a summary ard trends of needs and

practices.

The second Status Study was organized by a team of researchers at -
-

the University of Illinois and was co-directed by Stake and Easley

t

(1978). Case Studies in Science Education is a collection of field

observations of science teaching and learning in American public '




__ schools during the school Yyear 1976-77. . The study .was undertaken. to. ... ... .

provide NSF with a portrayal of the current conditions in K-12 science
classrooms to help make NSF's programs of support for science education
consistent with national goalé and needs. Eleven high schools and
their feeder schools were selected to provide a diverse and balanced

group of sites. Field researchers were on-site from 4 to 15 weeks and

were instructed to find out what was happening and what was felt to be
important in science (including methematics and social science) pro-.
“grams. Each observer prepared an in—dep;th case study report which was
presented intact as.part of a final collection and later augmented with
cross-site conclusions by the Illinois team,

The third Status Study was directed by Weiss (1978) of the Research
Triangle Institute. The purpose was to design and implement a national
survey to answer the following questions:

l. What science courses are currently offered in schools?#®

2, What local and state guidelines exist for the specifica-
tion »f minimal science experiences for students?

3. What texts, laboratory manuals, curriculum kits, modules,
e.*., are being used in science classrooms?

4. What share of the market is held by specific textbooks
at the various grade levels and subject areas?

5. What regional patterns of curriculum usage are evident?
What patterns exist with respect to urban, syburban,
rural, and other geographic variables?

6. What "hands-on" materials, such as laboratory or
activity centered materials, are being used? What is
the extent and frequency of their use by grade level
and subject matter?

* The National Science Foundation defines science to include the
natural sciences, social sciences, and mathematics.
2
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7. What audio-visual materials (films, fllmstrlps/loops,

models) are used? What is the éxtent frequency and
nature of their use by grade level and subject area?

8. By grade level, how much time (in comparison with
other subjects) is spent on teaching science?

9. What is the role of the science teacher in working
with students? How has this role changed in the past
15 years? What commonalities exist in the teaching
styles/strategies/practices of science teachers.
throughout the United States,
10. What are the roles of science supervisory specialists
at the local district and state levels? How are they
selected? What are their qualifications?
11. How have science teachers throughout the United States
been influenced in their use of materials by Federally-
supported in-service training efforts in science?
(Weiss, 1978, p. 1)
This survey utilized a national probability sample of districts,
schools, and teachers. The sample was designed so that national
estimagtes of curriculum usage, course offerings and enrollments, and
classroom practices could be made from the sample data. The sample
included superintendents, supervisors, principals, teachers, and other
school personnel.

The Office of Education (OE) also funded a project to assess the
status of science education. The third assessment of science as part
of the National Assessment of Educational Progress (1978) provides

0}
information regarding. the results of science instruction in the United
States. This report is a comprehensive assessment of science knowledge,
skills, attitudes, and educational experiences of precollege students

(Kahl and Harms, 1981). The third assessment included a new battery of

items which provided information regarding affective outcomes of
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s e ‘*-'““scj"ence‘*‘education‘ 'fOI’~~n—i~ne-,~~t-h-i~rteen-—;— -and: 'sevente'en'_‘.yeap_o‘lds-; "as "

well as for an adult sample (Yager, in press).
In 1978, NSF funded a project to synthesize and to interpret the
information from the three K-12 Status Study reports and the NAEP

dssessment. This research effort, called "Project Synthe81s"

examined K-12 science educatlon from five perspectives (blology, physi-
cal science, inquiry, elementary school science, and science/technology
and society) within four goal clusters and critical elements for

teaching (e.g., instructional'procedures, teacher characteristics,

.

instructional facilities and materials, and others) (Yager, 198la).
In an attempt to increase the scope of the three K-12 Status Study

reports, NSF (1980) selected nine professional organizations with

»

different responsibilities and perspectives to analyze the studies
independently and subm.t reports. The organizations selected were:

Teacher Organizations
l. National Council for the Social Studies
* 2. National Council of Teachers of Mathematics
3. National Science Teachers ASsociation
Science Organizations ‘
l. American Association for the Advancement of Science
2. National Academy of Science

Administration and Support Organizations
l. American Association of School Administrators
2. Association for Supervision and Curriculum
Development
. 3. National Congress of Parents and Teachers
4, National School Boards Association
(Rutherford, 1980)

The reports of these organizations provide an interesting and informa-

"tive view regarding the totality of science education in American

schools (Rutherford, 1980) and are available in the NSF document




. -entitled, "What-Are the-Needs-infPrecoiiege“ScieHCE;’Matheméfiés, and

Social Studies Education? Views from the Field."

Finally, in the spring of 197;, NSF funded a Status Study of
Graduate Science Education in the United States, 1960-1980 (Yager,
1880b). The purpose of this project was to consider the current status
of science education at graduate institutions. This study was viewed
as an extension of the three Status Studies for K-12 science education
(Helgeson, Blosser, and Howe, 1978; Stake and Easley, 1978; Veiss,
1978) and as a 1ogiqal next step to consider the unique,features of
the discipline of science education as perceived by science educators
from institutions throughout the United States. Funds fror this
project also allowed a summer writing group to assemble at The Univer-
sity of Iowa. A paper entitled "Crisis in Science Education'" resulted
from this effort (Yager, 1980a).

The three K-12 Status Study .reports (Helgeson, Blosser, and Howe,
1978; Stake and Ea;ley, 1978; Weiss, 1978), the professional reviews
of the Status Study reports (NSF, 1980), and the reports proclaiming
a crisis in science education (Yager, 1980a, 1980b) all provide an
interesting assessment of where science education has been, where
science education is today, and where science education should be
headed. But the hard truth is that none of thg reports has stimulated
the interest of public or private groups to the extent that the groups

conducting the studies had originally hoped. The que litative nature

of these assessments may explain the diminished impact of the results.
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where problems with investigator bias are difficult to control,

Quantitative synthesis techniques considerably reduce the poten-
tial for investigator bias. A meta-analysis of research focusing on Fhe
various criterion variables, criterion clusters, and criterion clusters
by study variables provides a comprehensive assessment of the effects
of the new curricula on student cognitive and affective achievement.
Such a comprehensive assessment should establish specific and firm
conclusions of value to practitioners.

Since curriculum revision and evaluation is a continuing process,
the conclusions of this meta-analysis are important to researchers
assessing curriculum development and implementation for several pea-
sons: (1) those areas where questions of interest have already been

o adequately answered will be identified; (2) those areas where the
research results are inconclusive or are not worthy of further investi-
gation will be identified; (3) those questions which have not yet been
adequately explored will be revealed. This knowledge should result in
fuwer research projects being devoted to duplication of research which
does not appear to be necessary, fewer research projects being devoted
to uﬁimportant questions or issues, and more research projects being
directed to the major questions which are yet unanswered. Such a
synthesis is long overdue.

Finally, the results of this study have potential significance

for groups which establish public and educational policies, as well as

groups which implement these policies. A comprehensive assessment of
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thé effectiveness of science curricula .glg_x‘/_g;opgfl since 1955 should

provide valuable information for future development and reseach activi-

ties.

PROCEDURES
This study was designed to investigate the impact and effects of
the new curricular programs developed for elementary, junior high, and
secondary science education since 1955. The meta-analysis perspective -
of regearch integration, developed by Glass (1976), is utilized to
record qﬁantitatively the properties and findings of studies which

measured and compared student performance in a new science curricula

with student performance in a traditional course. Only studies

)

involving United States samples are included in this meta-analysis.
This groundrule was established since the curricula studied were origi-
nally designed for use in American schools and generally modifications
are made when these curricula are adopted for use internationally.

This section include; a description of: the research methods
involveA in conducting this meta-analysis, the studies included in this
meta-analysis, the coding variables and coding reliability, procedures

regarding effect size calculations, and methods of data analysis.

Description of the Search Methods

The first task in conducting a meta-analysis is to locate and
obtain the relevant research studies in the field of interest. The
first step in this project was to collect and examine a representative

sample of science education research studies in order to map out the

research literature to be meta-analyzed. Literature was sampled across
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time -and type of publication from the following sources: . Dissertation.

Abstracts International, The Journal of Research in Science Teaching,

Science Education, and the most recent abstracts of presentations for

- - - - - - -
the Natioual Association for Research in Science Teaching annual con-

vention. Literature searches were then conducted on a sampling basis

to obtain an estimate of the size of the relevant literature. These

searches were conducted using Dissertation Abstracts International,

ERIC, Social Science Research, and Science Education:. A Dissertation

Bibliography (1978).

Arrangements were made with the ERIC Center to borrow the large
number of dissertation microfilms which were identified. It was deter-
mined that the sequence of searchidg and the subsequent coding of
documents would be as follows: dissertations, researgh documents and
reports available from ERIC or on microfiche, published journal
articles, and other documents identified during the coding process.
The rationale for the above order was the desirability of beginning
with primary and most comprehensive sources, as well as to avoid any’
duplication of data in situations where researchers later reported all
or part of their research studies in professional journals. The final
stage of the search procedure was to review the following journéls for
relevant studies reported from 1955 to 1980 which were not previously

coded: American Biology Teacher, High School Journal, Journal of

Chemical Education, Journal of Research in Science Teaching, Journal

of Secondary Education, The Physics Teacher, Science Education, The

I3 Y 3 -
Science Teacher, and School Science and Mathematics.

st
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Studies Included

Three hundred two studies were examined for this meta-analysis.

One hundred five of those studies contained sufficient data for the

meta-analysis. Studies included in the meta-analysis had to satisfy

the following criteria:

l'

Studies had to be conducted at the elementary, junior
high, or secondary level between 1955 and 1980,

College level studies were included if the curricula

were not modified and if the students had no prior

course in that science discipline.

Stddies had to be conducted in the United States using
United States samples. Thus, comparative studies

between United States samples and international samples
were not included.

Studies had to be an experimental investigation comparing
student performance in a new science curricula to student
performance in a traditional course (e.g., ESS versus
traditional, ESCP versus traditional, BSCS versus tradi-
tional). Descriptive or theoretical studies are not
included in this meta-analysis, nor are studies which
only reported stu@ent performance on variables for

which there was no control group,

Three hundred forty-one effect sizes (A's) were calculated from

the studies included in the meta-analysis, Table 1 shows the distri-

bution of effect sizes by source of study. These studies represent a

-
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TABLE 1

BY SOURCE OF STUDY

Effect Sizes - : SOURCE -
Dissertations ERIC Documents Journal Articles
per Study Studies A's Studies A's Studies A's
1 20 l 20 2 l 2 6 l 6
, 2 20 | 40 | s 7|
3 9 27 1 3 3 9
4 6 l 2y 0 | s 0 5 | 20
5 L 20 1| s o | o
6 6 36 0 0 1 6
7 2 l 1y 1 I 7 0 | 0
8 2 I 16 - 0 I 0 1 l 8
9 0 0 0 0 (4] 0
10 1| 10 R T o | o
11 0 0 0 I 0 0 0
12 0 | 0 0 0 0 | 0
13 o | o o | o o | o
iy 0 0 0 0 0 0
15 0 l 0 0 l 0 0 l 0
16 1 I 16 0 | 0 0 I 0
17 0 0 0 0 0 0o -
18 0 l 0 0 I 0 0 | 0
19 0 ' 0 0 I 0 0 l 0
20 1 20 0 0 0 0
TOTAL 72 l 243 10 l 35 23 ! 63
O
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total sample size of 45,626 students. Table 2 shows the distribution

of the student sample by source of study,

TABLE 2

DISTRIBUTION OF STUDENT SAMPLE
BY SOURCE OF STUDY

Treatment Control Total
Dissertations (N = 72) 13,987 14,569 28,556
ERIC Documents (N = 10) 4,145 3,462 7,607
Journal Articles (N.f 23) u,sﬂg‘ 4,818 9,463

Coding Variables

There are numerous study characteristics which can influence the
effectiveness of treatments in comparative studies. A critical part
of this meta-analysis involved identifying and coding factors related
to studies. In order to make full use of statistical methods in the
meta-analysis, various features of each study were measured or other-
wise expressed in quantitative terms. Many of these features are
expressed in familiar scalés (e.g., date of publication, length of
study in weeks, IQ of students, ,grade level) while other features arve
norordinal characteristics which are coded by indicator variahles
(e.g., form of publication, secondary school background, curriculum
profile, rated internal validity, the speci?ic characteristics of the

treatment). The coding form utilized in this study was developed by
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the investigating team during a week-long meeting and meta-analysis

-,
4

training'§éssion in Boﬁlder, Colorgdo. (Refer to Appendix A for the f
complete coding form.) The coding form is subdivided into the follow-
ing categories: background and coding information, sample characteris-
tics, treatment characteristids, teacher characteristics, and effect
size calculation. Each of these categories is discussed below.

Each study was read and a coding form was completed for each out-
come and each comparison in the study. A list of coding conventions
was developed during the week-long training session. These were used
to guide the classification of studies whose characteristics were

ambiguous. ' These conventions are also explained below.

Background and Coding Information

The numeric coding of each study extended across two computer
cards -- 176 digits of coding in all. The reader ID# identified the
number of the card in the data record of two cards (i.e., ID#: 1 or 2).
Each study was identified by a reader code and a study code. The
reader code identified the proﬂect site and the researcher at that
site who coded the study.

The comparison code refers to the number of different treatments
compared to a control group within a study. A comparison code of 01 01
would indicate one comparison within the study while a comparison code
of 02 03 would indicate the second comparison or treatment group of a
total of three treatments (e.g., ESS, SCIS and S-APA a,l compared to

a control group).

1941
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The outcome code refers to the number of dependent outcome ¢
variables assegsed in the study. The coding system of outcomes for a
study is the same’ as comparisons within a study. Thus, an outcome
code of 01 03 refers to the first identified variablezggded of a total
of three variables coded (e.g., a single study may have assessed cog-
nitive factors,. affective factors, and critical thinking).

The date of publication was recorded as stated on the coded manu-
script. In some cases s£udies were published more than once. In .
these cases the most complete source was coded. yé the manuscripts
were similar, then the earliest date of publication was recorded.

The‘fbrm of’publication was classified»acéording to the form in
which the coded study appeared: journal article, book, MA/MS thesis,
dissertation, or unpublished manuscript. The most complete source of

data was recorded. ‘Thus, if a dissertation was later published in a

joubnal, the dissertation was coded.

Sample Characteristics
' A number of variables were coded which were specifically related
to the studen; sample of each §tudy included in the meta—an;lysis.

The grade level of the students was coded and classified into five
categories: primary (K-3), intermediate (4-6), junior high (7-9),
senior high (10-12), and post secondary, The ;ost secondary classifi-
cation was included for any studies which might have used one of the

newly developed curricula a -ie community college or college level.

The total sample size represents the total number of students in

the treatment and control groups. -
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The length of the study was coded in weeks indicating the duration
of the treatment. Sequential studies were coded up to a duration of
three years. All sequential studies longer than three years. duratign
were categorized together.

Gender was coded as the percentage of female students in each
study. For studies which did not state the percentage of males and
fem;les this figure was inferred. For elementary, junior high, and
required secondary science courses the percentage of female students
in the study was inferred to be 50%. For chemistry courses the per-
centage of female students was coded as 25%. For physics courses the
percentage of female students was inferred to be in the 10-15% range
depending upon the total sample size: This range was used for rounding
purpose;‘since physics studies éenerally had fewer subjects,

The average ability of the students was recorded on the basis of
low (below 95 IQ), average (95-105 IQ), or high (above 105 IQ). The
homogeneity of the IQ was recorded as homogeneous or heterogehous, as
well as the source of IQ (i.e., whether it was stated within +the study

or inferred). If the average ability of the students in the sample

was inferred, it was recorded as being heterogeneous average IQ if the

‘sample was an elementary, junior high, or required secondary science

course. If the samp’z was a chemistry course the average ability was

co@ga as high ability heterogeneous. If the sample was a physics

course the average ability was inferred to be high ability homogeneous,
The race of the sample and the predominant minority was coded if

the Information was provided in the study. Race was recorded as the

percentage of non-white students. The predominant minority categories

ou




e

© 54

were: Mexican, non-Mexican Hispanic, Oriental, American Indian, Black,
or other. The percentage of predominant minority was also recorded if
that information was provided.

The socio-economic status of the sample was coded as low, medium,
or high. The homogeneity of the soeio-economic status was also
recorded (i.e., homogeneous or heterogeneous). 1In some instances this
infofmation was inferred from the geographic location of the ;tudy‘
site.

The secondary echool science Lackground was c;ded for each study.
The following courses were coded either‘as "yes" or "no" regarding the
secondary student's prior science: life science (typically a 7th -grade
course), physical science (typically an 8th grade course), general
science or earth science (typically 9th grade courses), biology (typi-
cally a 10th grade elective), chemistry (typically an 1lth grade elec-
tiv;), and physics (typically a 12th grade elective). If the students'
science background was not stated in the study, it was inferred that
they had taﬁen all courses prior to the science course they were
currently enrolled in with the exception of earth scieﬁce.

) The handicapped variable was used to code any studies in which
the student sample involved any of the following physical or emotional
handicaps: visually impaired, hearing i%paired, learning disability,
emotionally disturbed, multiple handicaps, or educable mentally
retarded.

The sample size of students in both the treatment and control

groups was recorded (N of puptls in T1 and N of pupils in T2). The
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% mortality of T1 and T, was also recorded if that figure was reported
in the study.

The special grouping by ability variable was used to code whether
students were grouped into a low, medium, or high track; or, whether -
students were not grouped by ability.

The size of the school involved in the study was coded as stated.
The follo&ing criteria were used: less than 50 students, 50-199 stu-
dents, 200-499 students, 500-999 students, 1000-1999 students, greater
than 2000 students.

The type of commmity was also coded as stated in the study, or
inferred on the basis of geographicvlocation of the study site, as

follows: rural, suburban, or urban.

Treatment Characteristics
The treatment code variable vefers to the elementary, junior high,
or secondary science curricula which was used as the treatment course
in each study coded. The majority of these curricula-were identified
prior to any coding. A few curricula, however, were added to the
coding list after the coding process began. A complete list of cur-

ricula treatment groups follows:

Elementary Scieuce
Elementary Science Study (ESS)
Science Curriculum Improvement Study (SCIS; or, SCIIS, SCISII)
Science - A Process Approach (S-APA)
Outdoor Biology Instructional Strategies (0BIS)
Elementary Science Learning by Investigation (ESLI)
ESSENCE
Conceptionally Oriented Program for Elementary Science (COPES)
Modular Activities Program in Science (MAPS)
Unified Science and Mathematics for Elementary Schools (USMES)
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Minnesota Mathematics and Science Teaching Projéct (MINNﬁﬁKéT)\\\\\\

Incividualized Science (IS) T

Scienze Curriculum for Individualized Learning (SCIL)

Elementary School Training Program in Scientific Inquiry
(University of Illinois) (ESTPSI)

Flint Hills Elementary Science Project (Kansas State
Teachers College) (FHESP)

Junior High Science
Human Science Program (HSP)
Time, Space and Matter (T5M)
Individualized Science Instructional System (ISIS)
Intermediate Science Curriculum Study (ISCS)
Introductory Physical Science (IPS)
Earth Science Curriculum Project (ESCP)
Interaction of Matter and Energr (IME)
Conservation Education/Invironmental Educatjon/Ecology (CE/EE)
Montclair Science Project (MSP)

Secondary Science

Biological Science Curriculum Study (BSCS)
Special Materials (BSCS/SM)
Yellow Version (BSCS/Y)
Blue Version (BSCS/B)
Green Version (BSCS/G) .
Advanced Materials (BSCS/A)

Chemical Education Materisls Study (CHEM Study)

Chemical Bond Approach (CBA)

Physical Science Study Committee (PSSC)

Harvard Project Physics (HPP)

Conservation Education/Environmental Education/Ecology (CE/EE)
Physical Science for Nonscience Students (PSNS)
Interdisciplinary Approaches to Chemistry (IAC)

A curriculum profile was established for the major elementary,
junior high, and secondary science curricula. The profile assessed
each curriculum on five parameters: (1) degree of inquiry, (2) empha-
sis on process skills, (3) emphasis on the laboratory and/or laboratory
skills, (4) degree of individualization, and (5) emphasis on content.
Each parameter was ranked from low (1) to high (4). The scores for

each curricula represent an average score based on assessments of five

science educators familiar with each of the programs. The curriculum

T
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profile of major curricula was developed for two purposes: (1) to be
able to record any modifications made within the context of each
individual study regarding any of the parameters, and (2) to make com-
parisons between curricula. The study modification to curriculum
profile variable indicates whether modifications were made toward the
low end of each curriculum profile category, toward the high end of
each curriculum profile category, or whether there were no modifica-
tions made. See Table 3 for curriculum profile data.

The technology used variable indicates whether hand held calcula-
tors, films, television, or computers were used or not within the

study.

Teacher Characteristics

For studies which stated the ratio of male to female teachers
involved in the experiment, the percentage of female teachers was
recorded. If reported, the average number of years of science teaching
experience was coded; as well as, the average number of years teaching
science curriculum Tl’ and the aberage nimber of years teaching science
curriculun Ty

The ;uce of the teachers involved in the study and the predominant
minority was coded if the information was provided. The predominant
minority categories were: Mexican, non-Mexican Hispanic, Oriental,
American Indian, Black, and other. The percent&ge of predominant
minority was also recorded if that information was provided.

The average educational background for teachers involved in each

study was coded as follows: less than a Bachelors degree, Bachelors

El{llC - Ly
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TABLE 3

CURRICULUM PROFILE

Inquiry

Process
Skills

Emphasis
on Lab

Degree of
Individu-
alization

Emphasis
on
Content

Elementagz

Curricula
ESS

scIs
S—APA
0BIS

ESLI
ESSENCE
COPES
MAPS
USMES
MINNEMAST

N w NN DWW

N W w w NN W oW

w W w NN wWw w

N N NN F NN w

w W Wk NN W N

Junior High

Curricula
TSM

ISIS

ISCS

IPS

ESCP

IMP

N N NN W N

N N W FEN

w w FFEF W N

N NN W W N

w F N F N W

Secondagg

Curricula

BSCS (Special
Materials)

BSCS Yellow
BSCS Blue

y

2
2

(continued)
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TABLE 3 (Continued)

. Degree of | Emphasis
I . Process | Emphasis A
nquiry Skills on Lab Individu- on
alization Content
Secondarz
Curricula
(continued) .
BSCS Green 3 3 3 2 3
BSCS Advanced 3 3 Yy Yy 3
CHEM Study 2 3 3 2 3
CBA 1 2 2 1 4
pPSSC 1 3 3 2 y
Project 5 3 3 3 3
Physies

degree, Bachelors plus 15 hours, Masters degree, Masters plus 15 hours,
Masters%plus 30 Lours, Doctorate degree.

The remaining coding variables in this section deal with teacher
training: was preservice truininé provided?; and, was inservice
training provided?. The financial funding of inservice training was

coded if such information was provided: locally funded and/or spon-

sored; university funded and/or sponsored; federally funded.

Design.Characteristics
A characteristic often considered important in judging the quality
of a comparative study is how the experimenter allocdted subjects to
the treatment and control groups. The assignment of students to groups

variable represents whether students were randomly assigned to groups,

T s
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selected in matched pairs, part of intact groups, or volunteered to be
a part of the experiment (self-selecting). The assignment of teachers
to groups variable was coded for random assignments, non-random assign-
ments, self-selecting assignments, or for situations where teachers
taught both .groups (crossec* or were matched on certain measures,

The wnit of analysis variable coded whether individual students,

a classroom of students, an entire school, or some other éroup of stu-
dents was used as the primary unit of analysis in the study.

The type of study was coded according to Campbell and Stanley
(1963) definitions as: cdrrelational, quasi-experimental, experimen-
tal, or pre-experimental.

The rated internal validity was judged on the basis of the assign-
ment of subjects to groups and the extent of subject mortality in the
study. Low internal-validity studies were those whose matching proce-
dures were weak or nonexistent, or where intact convenience samples
were used. The study was also rated low if mortality was exceptionally
high or severely disproportionate. Medium internal validity ratings
were assigned according to the following criteria: (1) stadies with
randomization but high or differential mortality, or (2) studies yith
"failed" randomization procedures (e.g., where the experimenter began
by randomizing, but then resorted to other allocation methods) and low
mortality, or (3) studies with intact groups but highly similar and
low mortaiity, or (4) extremely well-desigied matching studies. To be
judged high on the internal validity measure, a sgudy must have used
random assignment of subjects to proups and have low and faivrly

equivalent mortality rates.
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Occassionally, statistical or measurement irregularities decreased
the level of internal validity (e.g., when an otherwise well-designed
study empluyed different testing times for the treatment and control
groups). It is also recognized that other factors such as sample size,
congruence of the measures with the treatment or control groups, the
method of measurement, or the reactivity of the measurement influence

internal validity. These five constructs were assessed separately.

Outcome Characteristics

<

The content of measure variable identified the science discipline
involved in the study: 1life science, physical science, general science,
earth science, biology, chemistry, or physics. All elementary studies
were coded as general science.

The congruence of measure with Tl and TZ is a measure of test
reactivity. Congruence was measured as low, medium, or high. For
example, if a general achievement test designed specifically for PSSC
was used to compare achievement of PSSC students versus non-PSSC stu-
dents, the congruence for T1 (treatment grouR) was coded high and the
congruence for ’I‘2 (control group) was coded low.

The type of eriterion refers to the twenty-two criterion variables
identified for coding. The eighteen variables for which data were
obtained were grouped into six criterion clusters for analysis. The
six criterion clusters and the eighteen individual eriterion variables
are listed in the "problem statement" section.

The criterion measured variable identifies whether the study

assessed student performance or teacher performance. There were no
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studies included in this meta-analysis which assessed teacher perfor-
mance. \

The method of measurement indicates whether the study measurement
was: a standardized test; an ad hoc written test (e.g., developed by
researcher, curriculum project); observational (e.g., passive or
instructional observations); 6;, a structural interview or assessment.

The reactivity of the measurement refers to the level of researcher
bias in the tests used. Standardized tests were considered to have low

reactivity while experimenter-made tests were judged to have high '

reactivity.

Effect Size Calculations

The source of effect size data variable refers to whether the
effect size was: calculated directly from reported data or raw data
from the study (e.g., means and variances); reported with direct
estimates (e.g., ANOVA, t-test, F-values); calculated directly from
frequences reported on ordinate scales (Probit, X2); calculated back- -
wards from variance of means with randomly assigned groups; calculated
from nonparametric statistics (other than X2); guessed from independent
sources (e.g., test numbers, other students using the same test, con-
ventional wisdom); estimated from variance of gain scores (correla-
tional gﬁessing); or, ‘derived from probability level only (i.e.,
conservative estimates).

The source of means was coded as reported in each study. The
following categories were used: unadjusted post-test; covariance

adjusted; residual gains; pre-post-test differences; or, other.

6.
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The reported significance .f each study was coded as: p £ .005;
.005 < p £.01; .01< p < .05; .05< p £.10; or, p > .10.

The dependent variable units were coded if they were reported in
grade-equivalent units or some other unit. The mean difference in
gradelequivalent units was reported if the dependent variable was
reported in grade-equivalent units.

If the group variances were observed individually, then the ratzo
of experimental to eontrol group variances was calculated, as well as
the effect size based on experimental group variance (A), the effect
stze based on control group variance (B), and an average effect size
based on (A) and (B). If the group variances were not observed indi-
vidually, the study effect size was reported directly from the source

of the effect size data.

Reliability

Once the coding variables ‘were identified and ground rules were
established, estimates of coder reliability were calculated. The
reliability of a measurement "is the statement which represents the
various sources of error in the repeated measurement of a single
phenomenon or the consistency in which an individual performs the same
. task over a period of time" (Brown and Webb, 1968, p. 37). An
instrument itself is neither reliable nor unreliable -- it is only
when the instrument has been used to collect data that one can speak
sensibly about reliability.

Based upon a random sampling of five studies read and coded inde-

pendently by the two coders involved in the study, a 94.8% coder

b
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agreement was attained in coding the 76-80 study variables (studies
which reported group variances individually contained 80 study
variables while studies which did not report group variances individ-

uvally had only 76 study variables).

Procedures Regarding Effect Size Calculati6n

The magnitude of the effect of a treatment is the most important
variable in any outcome study. In this study, the effect of new
curricula on student performance was assessed by measuring the magni-
tude and direction of change for twenty-two criterion variables. Meta-
analysis involves calculating a common metric for defined variables
within a study. The common metric, measuring the magnitude of the .
effect, is referred to as an effect size (abbreviated E.S. and sym-
bolized by the Greek lette.r A). The effect size is a normalized
measure of the performance difference of two groups on a dependent
variable (e.g., genmeral achievement, critical thinking, self-concept).
Effect size is defined as the mean difference between treatment cbndi-

tions divided by within-group standard deviation (Glass, 1976).

X, - X ,
- t c .
E.S., = SD
where: ?; = mean of treatment group;
?; = mean of control group; and
SDc = standard deviation of control group. -

Nearly all of the effect sizes calculated for this study used

either the formula above or, in studies which reported” F-values, the

~
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P-value was considered eéual to t2 and the following formula was

used:
X E.S. = t}-;l—-i";lj—“-
. 1 2
where: ¢ = t-value;
n, = sample size of treatment group; and

n, = sample size of contrgl group,

If only the total sample size (N) was reported, it was assumed that
A

n, = n, since equal n's provide a more conservative estimate of the

effect size than unequal n's.

In a few instances, the only information reported in the study was
that a particular test statistic (e.g., % or F or Fisher's 2 - trans-
formation of ¥) was calculated on 7 cases 'with a level of significance
p. Provided that the p~value is reported exactly and not rounded, the
transformation is straight forward. If, for example, it is reported
that a two group #-test with n; = n, =6 Is significant at the p = .02
level (two-tailed test), then it is a simple matter of determining the

corresponding ft-value:

.99 t 10 = 2.76.

Knowing nys Ngs and the value of the ¢-test, the effect size can be

calculated using the formula:

-,
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1 na

1 1
2.76) 6 + -

1.59,

In studies reporting only an approximation of the p-value for a
measured criterion variable, the conservative value of p was utilized
in order to estimate the value of t. This yields a conservative

effect size.

The reader is referred to Glass, McGaw, White and Smith (1980,

P. 136-197) for detailed derivations and illustrations of procedures

for transforming other reported statistics and measurement scores into

o

effect sizes.
»

Methods of Data Analysis ¢

During the coding phase of this meta-analysis a total of three
nundred two studies were reviewed. One hundred five of those studies
contained sufficient data for the meta-analysis. From these studies,
which repr- ent a total sample size of 45,626 students, three hundred
forty-one effect sizes (E.S.) were calculated. The coding form for
this meta-analysis (Appendix A) provides information regarding the
variables for which data were collected (i.e., background information,
sample characteristics, treatment characteristics, téacher character-
istics, design characteristics, outcome characteris?ics, and effect

size calculations).
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Thus, in response to the overail question assessing the effects
of new curricular programs developed in science education since 1955,
summary statistics oé\%ffect sizes were calcuiated for: the 27 new
science curricula-for which é;ta were collected; the 18 student per-
formance measures; and the 6 criterion cluster variables. Sample
characteristics such as grade‘level, community type, length of study,
student gender, and socio-economic status; background information
regarding form of study publication; treatment characteristics; content
characteristics; internal validity; the curriculum profile character-
istics; in-service training of treatment instructors data; and, method
of measurement of the criterion variable data were also coded. .The
relationship between the six criteriun cluster measures and each of

the subsequent variables listed above was analyzed.

Effect size summary statistics calculated fér each of the
variables listed above were: mean effect sizes, minimum A, maximum
A, standard deviation, and t-values. Statistical analysis was accom-
plished using the General Linear Model (GLM) procedure of the
Statistical Analysis System (SAS) (Helwig and Council, 1979) on the
IBM 370/168 at The University of Iowa (programs were run under release
79.4B). The model source statement of the GLM gives the dependent
variables and independent effects. _Due to unequal cell frequencies
orthogonality is destroyed. A condition for orthogonality is that
the number of observéfions in each combination of treatments is equiva;
lent (Hayes, 1973). Thus, the Type IV Sum of Squares (SS) is used as

described in SAS-76 (Barr et al., 1876). The corrected total reported

for each analysis is equal to the number of effect sizes in the data

PRV
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set minus one (N-1). The Duncan's Multiple Range Test for specified
effect size variables was also calculated and these data are reported
where appropriate.

All statistically significant data in this report are identified

by an asterisk (#). Such values are significant at the q priori alpha

level of 0.05.

RESULTS AND DISCUSSION

Curriculum Characteristics

How do students exposed to various new secience cwrricula

compare to students exposed to traditional science

eurricula on a composite performance level?

The literature search revealed 105 codable studies comparing new
science curricula to traditional scienée programs in terms of one or
more student performance crigeria. The codable studies encompassed
27 different ;cience curricula and 18 distinct performance criteria.
As an overall indicator gf new’curriculum effectiveness; effect size
data extracted from all studies on a specific new science curricula
were summarized. This summary of a éomposite performance analysis is
presenfeq in Table 4 for the 27 new curricula included in this meta-
analysis. Although tﬁé data in Table 4 do not provide information
about the specific focus of the original research studies analyzed,
the composite student performance data by new curricula do provide
a starting place -- a first approximation regarding the effectiveness

of new science curricula.
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TABLE 4
EFFECT SIZE DATA FOR COMPOSITE STUDENT
PERFORMANCE MEASURES BY CURRICULUM .
: CURRICULUM Nooomana T MR b tevalue
- Elementary
ESS 11 0.37 0.01 0.81 0.27 4, 56%
scIs 45 0.30 -0.82 2.41 0.55 3.6u%
SAPA 45 0.27 -0.57 2.50 0.55° 3.26%
USMES 17 0.55 -0.01 4,48 1.05 2.17%
MINNEMAST 2 1.51 0.55 2.47 1.35 1.57
IS 2 0.64 0.60 0.69 0.06 14,33
SCIL .16 043 -0.32 .12 0.38 .y .
* ESTPSI 6 0.39 0.07 0.73 0.28  3.35%
FHESP 1 -0.06 — —- 0.00 —--
Junior High .
HSP ‘4 0.66 0.46 0.85 0.18 7.2u%
TSM : 1 0.49 - — 0.00 _—
1scs 0.18 -0.10 b. 74 0.31 1.39
IPS 17 0.00 -0.4y 0.44 0.28 0.04
ESCP 2 0.16 -0.70 0.86 0.38 2.11%
IME 4 0.22  -0.33 0.66  0.u. 1.02
CE/EE 1 0.01 -— -—- 0.00 -
MSP 3 0.21 0.11 0.42 0.17 2.13
-  Secondary
BSCS/SM Y 0.11 0.01 0.29°  0.12 1.72
BSCS/Y 28 0.48 ~0.50 1.78 0.57 4.36%
BSCS/B 6 2.32 0.44 4,18 1.4 4.,03%
BSCS/G 5 0.13 -0.18 0.34 0.21 1.36
BSCS/A 4 0.09 -0.17 0.43 0.29 0.62
' continued




TABLE 4 (Continued)

CURRICULUM N MEAN A Mg[ﬁ” 113— Mgﬁxk S.D. t-value
CHEM 33 £.12 -0.49 0.92 0.37 1.84
CBA 16 0.24 -0.81 1.09 0.45 2.15%
[ pssc 35 0.47 -1.04 2.70 0.69 4.08%
HPP 2 0.28 0.27 0.30 0.02 19.00%
PSNS 3 0.11 0.08 0.15 0.03 5.28%

* Value is significant at the a priori alpha level (.,.05).

Thus, Table 4 contains a summary of the number of effect sizes
calculated for each curricula (N), the mean effect size, the maximum
and minimum effect size, and the standard deviation of the effect size
around the mean. Also listed is the t-value for the test of statisti-
cal difference between the mean effect size calculated and Zero.

Recall that by definition the effect size is a measure of the
mean differences in performance Detween students in new science curric-
ula and students in traditional courses divided by the within group
standard dev1atlon of the control group (tradltlonal course). Thus,
an effect size of zero indicates that there were no observable
differences between the two groups for the composite performance
measures. A positive effect size signifies that students in the
treatment group (new curricular group) performed better than the
control gréup for the observed measures of student performance; whereas,
a negative effect size signifies that student scores in the control

group (traditional course) were higher.
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The composite data in Table 4 cleirly indicate that students who
were exposed to new science curricula performed better than their
traditional course counterparts. Disregarding curricula where only one
effect size was calculated (FHESP, TSM, and junior high conservation
education/environamental education) the average composite student per-
formance measure effect sizes range from A = 0.00 for IPS to A = 2.32
for BSCS (Blue Version). It should also be noted that the most heavily
studied curricula (N > 15) also show a definite positive impact. The

"average composite student performance effect sizes for these curricula
range from A = 0.00 for IPS to A = 0.55 for USMES with 80% of the
curricula in this category being statistically significant from zero
at the a priori alpha level of 0.05. Furthermore, if these average
effect sizes are translated into percentile scores, the average USHES
student performed better than 71% of the traditional course students
whereas the average BSCS (Blue Version) student performed better than

99% of their traditional course counterparts.

How do students exposed to new seience curricula compare

to students exposed to traditional seience curricula on

various performance criteria?

Another general indicator of new curriculum effectiveness is pro-
vided in the breakdown of effect size data for each of the 18 perfor-
mance criteria measured. An examination of the mean effect sizes in
Table 5 indicates that the new curricula had a positive impact on

student performance for every performance criteria except for student




EFFECT SIZE DATA FOR PERFORMANCE CRITERIA

MINI-  MAXI-

72 ' -
TABLE 5

CRITERION . N MEAN A MM A MM A S-D-  t-value

Achievement:

Cognitive-Low . 8 0.02 -0.46 0.50 0.29 0.20

Cognitive-High 11 0.05 -0.48 0.41 0.28 0.60

Cognitive-Mixed 111 0.43 -1.04 4.18 0.77 5.83%

Perceptions:

Affective—Subject 6 0.51 0.00 0.85 0.32 3.87%

Affective-Science 25 0.50 0.11 1.75 0.36 6.89%
® Affective-Method JO 0.41 -0-81 1.20 0.58 2.25%

' Self-Concept 10 -0.08 -0.82  0.82 0.53 - 0.51

Process Skills:

Techniques 28 0.61 -0.10 2.50 0.66 4,83%

Methods of Science 28 0.17 -0.62 0.73 0.32 2.79%

Analytical Skills:

Critical Thinking 31 0.19 -C.36 l.4y 0.37 2.77%

Problem Solving 4 0.71 0.06 l.41 0.70 2.02

Related Skills:

Reading 23 0.10 -0.41 0.92 0.24 1.99%

Mathematics 18 0.40 -0.50 4.48 1.07 1.59

Social Studies 2 0.25 0.25 0.26 0.00 51.00%

Communications ~ 5 0.40 0.08 0.75 0.26 3.47%

Miscellaneous:

Creativity 5 0.71 0.18 1.50 0.50 3.22%

Spatial Relations 2 0.57 0.29  0.86 0.40 2.02

*Value is significant at the a priori alpha level {0.05).
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self-concept. Eleven of these positive differences were found to
be statistically significant from zero.

The small number of effect sizes available for some criteria may
limit a meaningful interpretation of those criteria (e.g., spatial
relations and social studies). However, the consistent pattern of
positive effect size values clearly establishes the superiority of
the new science cufficula over traditional courses in enhancing
student performance over a broad range of performance measures.

Especially interesting in the composite data of Table 5 are the
statistics for general achievement (N = 111). Much criticism
regarding the new science curricula focused on the apparent decline
of general science knowledge among students exposed to the new
program=. At the height of the new curricular movement (and even
today) the prevailing notion was that the process goals of the new
science curricula were being achieved at the expense of the content
goals -- although no comprehensive data base existed for either claim.
The data in Table 5 show clearly that students exposed to new science
curricula achieved 0.43 standard deviations above (exceeding 67% of
the control group) or, nearly one-half of a grade level better than,
their traditional curriculum counterparts.

In the areas where most new curriculum opponents would concede
superiority, Table 5 indicates consistently positive effect size
patterns. Student attitudes toward the subject specifically, science
generally, and the new format of the courses (method) all show statis-

tically significant positive results. Similarly, the areas involving
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higher cognitive skills (e.g., problem solving, critical thinking,

logical thinking, and creativity) show consistently positive effect

size patterns. Even student performance in related areas such as
reading, mathematics, and communication skills, areas in which new
curriculum proponents often purported student gains, show positive

>

effect size data.

The slightly negative effect size mean for the self-concept data

appear, at first, to be an anomaly when considered with the other

affective measures regarding student attitude toward the specific sub-
ject, science, and methods. However, in the majority of the studies
coded, the self-concept measures assessed global self-concept rather
than subject-specific self-concept. Thus, one would not expect the
global self-concept toléhange dramatically during a period of 21-36
weeks (the average lengéh of treatment in the studies coded). 1In

fact, when considering the goals ard objectives of the new curricula

and the emphasis upon student decision making, one might expect

student self-concept to be deflated a little at the outset and duration

of a course. Thus, the slightly negative, near zero effect size (A =
-0.08) for student self-concept appears to be predictable and
reasonable.

The cumulative effect size data in Table 5 make it possible *o
examine the impact new science curricula had on specific areas of
student performance such as achievement, attitudes toward science,
techniques of science, or critical thinking. However, the small
number of effect sizes focusing on certain individual performance

parameters (e.g., problem solving, N = 4; spatial relations, N = 2)
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)

and the obvious relationship between other performance parameters
suggested the nged for a smaller number of more broadly defined
criferion clusters. Moreover, the larger number of effect sizes within
criterion clusters facilitate the examination of more detailed ques-

tions regarding new curriculum effectiveness. The criterion clusters

and the individual performance parameters comprising the clusters are

listed below:

Achievement Cluéter
a. Cognitive-low (Recall of facts, laws, principles)
b. Cognitive~high (Application, synthesis, evaluation)
c. Cognitive-mixed (General achievement)

Perceptions Cluster
d. Affective-attitude toward subject
e. . Affective-attitude toward science

Affective-attitude toward method/class environment

g. Affective-attitude toward self (self-concept)

Process Skills Cluster
h. Techniques of science (lab skills, measurement)
1. Methods of science
Analytic Skills Cluster
j. Critical thinking
k. Problem solving
Related Skills Cluster
1. Reading (comprehension/readiness)
m. Mathematics (concepts, skills, applications)
n. §gijal studies (content, skills)
o. C

ohNnunication skills (reading, writing, speaking)

e —
~
c




Miscellaneous
p. Creativity
Q. Logical thinking (Piagetian tasks)

r. Spatial relations (Piagetian tasks)

Table 6 contains descriptive statistics and t-test data for effect
sizes grouped by criterion clusters. The graph of the effect size
means for the clusters is shown in Figure 1. Consis;ent with the
Table 5 data for individual performance criteria, the criterion clusters

data indicate that students exposed to new science cufricula consis-

tently outperformed students exposed to traditional courses.

How do students exposed to specific new science curricula

compare to students in traditional science courses on the,

six criterion cluster measures (i.e., achievement, per-

‘ceptions, process skills, analytic skills, related skills,

other areas)?

The analysis of effect size data for specific curricula by
criterion culsters is inherently interesting because of the detail
provided. The increased detail is accompanied by a decrease in
available studies from which effect size data can be extracted. With
18 separate criterion variables studied across the 27 new science
curricula coded in this study, the full matrix would require 486 effect

~

size calculations to place a minimum of one effect size in each cell.

v
Even with the clustering of effec§ size data across related dependent
a

variables, many of the possible cells yielded no data.
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TABLE 6
EFFECT SIZE DATA FOR CRITERION CLUSTERS

ACROSS ALL CURRICULA

VARIABLE N MEANA AR :fo& S.D.  t-value
Achievement 120 0.37 -1.04 4,18 0.73 5.76%
Perceptions 51 0.37 °~ -0.82 1.75 0.49 5.40%
Process Skills 56 0.39 -0.62 2.50 0.56 5.17%
Analytic Skills 35 6h25 -0.36 l.44 0.4y 3.29%
Related Skills 48 | 0.25 ~0.50 4.48 0.69 2.51%
Other Areas 21 0.33 -0.70 4,50 0.51 2.93=%
*Value is significant at the a priori alpha level (0.05).

Achievement Cluster

Table 7 lists the effect size data for the achievement criterion

cluster for the 20 new science curricula for which such data were

available. The mean effect size was pesitive for all but two of the

curricula (FHESP, N = 1, A = -0.06 and TME,"N' = 2, A= -0.11)

indicating that students in the new science programs overwhelmingly

outperformed students in traditional courses on achievement measures.

The effect size results are especially impressive for students enrolled

in the BSCS-Yellow (N = 19, A= 0.45), PSSC (N = 23, A = 0.51) and

SCIS (N = 5, A= 1.00) programs. The skeptic might dismiss these

results due to inherent sampling problems caused by students gravi-

tating to the new science programs such as BSCS or PSSC.

Thus, the
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FIGURE 1

BAR GRAPH OF THE MEAN EFFECT SIZES FOR

CRITERION CLUSTERS ACROSS ALL CURRICULA
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‘TABLE 7
EFFECT SIZE DATA FOR THE ACHIEVEMENT CRITERION

CLUSTER BY CURRICULUM

. CURRICULUM N MEAN A S[IJQI,S 23’;1[\ S.D.  t-value
ESS 3 0.09 0.0l  0.24  0.12 1.34
SCIs 5 ¥’ 1.00 0.05 2.41 0.9l 2.4
SAPA 12 0.17 . -0.57  1.65  0.58 1.04
_USMES 3 0.3 0.11 0.5  0.21 2.7y
MINNEMAST 2 1.51 0.55 2.47  1.35 1.57
SCIL y 0.06  -0.03  0.20 0.1l 1.18
ESTPSI - 3 0.28 0.07 0.60  0.27 1.79

) FHESP 1 -0.06 —— ——  0.00 ——-
IPS 3 0.03  -0.27 0.20 0326 0.24
ESCP 6 0.19 -0.52 0.86  0.49 0.97
IME 2 -0.11  -0.33  0.10 0.30 - 0.53
MSP - 1 0.42 — = 0.00 -—-
BSCS/SM 2 0.02 0.0  0.03  0.0L 2.00
BSCS/Y 19 0.45  -0.48  1.78  0.54 3.67%
BSCS/B 2 3.94 3.70 4.18  0.33 16.42%
BSCS/G .2 0.17 0.00 0.3 0.2y 1.00
BSCS/A 4 0.08  -0.17 0.43  0.28 0.62
CHEM 23 0.2  -0.49 0.92  0.40 1.37
-CBA 10 0.27  -0.42 1.09  0.81  2.05
PSSC 23 0.51  -l.o0u 2,70  0.77 3.16%

*Value is significant at the a priori alpha level (0.05).

“

potential for a sampling error owing tc superior students self-

i ’

selecting a new, innovative science program must be considered as a

threat to the internal validity of new curriculum studies. The

5w
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question of self-selection bias is addressed separately in ; later .
analysis (gep Table 28). An examination of the data in Table 7 across
all curricﬁia woild suggest however, thaf self—selection errors in the
original:studies were either not a factor, or they tended to produce
inconsiggént effects; since mQst of the effect size means are not
statistically significa;t from zero. ~

** Focusing on some of the more common new science curricula, the.
data in Table 7 indicate substantial gains in achievement for students
in: 3CIS (A= 1.00), USMES (A = 0.34), BSCS-Blue (A = 3.94, PSSC .
(A = 0.51), BSCS-Yellow (Af= o.;s), and CBA (A = 0.27), 'I’n all of
these curricula, the average student in the new science curricula
exceeds the achievement scores of 60% 6f the studenhts in the control
group (A = 0.25 is equivalent to the 60th percentile of the control
group). Furthermore, other major curricula with moderate effects such
as IPS (A = 0.03), ESS (A = 0.09), CHEM Study (A = 0.12), BSCS-Green

;

(A = 0.17), 5-APA (A = 0.17) and ESCP (A = 0.19), equivalent to a
percentile ranging from the "51st to the 58th percentile of the ¢ mtrol
group, ,should be viewed quite févorably as suppor£ for tgg philosophy
and‘effects of the new science curricula since the major objections
of these programs centered around their lack of emphasis regarding
science content. Clearly, the data in Table 7 indicates thac students
enrolled in new science programs are not stifled in their acquisitioﬁ

of scientific knowledge.
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Student Performance

The data in Table 8 relate to the comparison of students in new
scienéé curricula versus stﬁdents in traditional courses on attitudes
toward the specific subject matter, the broad area of science, the
classroom clirate, and the students %hem;elves (self-concept). The
analysis reveals.significantly enhanced student attitudes in 5 of the
9 new curricula where multiple effect sizes werc coded. Of the more
popular curricula, the S-APA (A = 0.39) and HSP (A = 0.66) ‘showed the
most positive effects while SCIS (A = 0.08) and CéA (A = 0.16) showed
the least positive changes.,

All of the curricular means for the perceptions cluster reveal
positive effects, in spite of the fact that negative cSfects were
cgded for SCIE, SCIL and CBA. Thus, in terms of effective measurés
. students generélly felt getter about the specific course they were
takingi the methods employed, science in general, and themselves while
. enrolled in a new science program. It should be noted however, that
only 16 of tﬁe 27 curriculatstudied ha& been investigated within this
large domain called perceptions (over 40% of these curriculg had only
1 effect size calculated). However, data in Table 20 would tend to
indicate that student‘peréeptians by grade level were greatly enhanced,
i.e., elementary grades (A= 0.28), junior high (A = 0.53) and high

school (A = 0.u4y).
. N .

Process Skills

Process objectivés have become synonymous with new science cur-

ricula over tue years. The debate over the relative importance of
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TABLE 8
EFFECT SIZE DATA FOR THE PERCEPTIONS CRITERION

CLUSTER BY CURRICULUM

CURRICULUM N  MEANA :5215 gﬁgﬁ S.D.  t-value
"ESS 1 0.51 - -— 0.00 -—
SCIs i 0.08 -0.82 0.82  0.52 0.59
SAPA 6 0.39 0.00 0.76  0.28 3.35%
USMES 1 0.15 - - 0.00 —_—
IS 2 0.6% 0.60 0.69  0.06 14,33%
SCIL % 8 0.61 -0.32 1.12  0.44 3.86%
HSP 4 0.66 0.46 0.85  0.18 7.2u%
ISCS 1 0.17 -— ae- 0.00 -_—
IPS 2 0.23 0.21 0.25  0.02 11.50%
ESCP 1 0.11 -— - 0.00 -—-
IME 2 0.55 0.45 0.66 0.1 5.29
BSCS/Y 1 1.05 . - 0.00 _—
BSCS/G 1 1.75 — - 0.00 -
BSCS/B 2 0.25 0.21 0.29  0.05 6.25
CBA 4 0.16 -0.81 0.76  0.69 0.45
PSNS 1 0.15 - - 0.00 -—

*Value is significant at the a priori alpha level (0.05).

process skill development versus content knowledge acquisition drew
considerablg attention in the sixties and early seventies. The issue
still stimulé&es discussion today e;en fhough many teachers have
resigned themselves to a content emphasis. The data in Table 9 deal

with the process s:ill record of the new science curg%cula. The

\
research record clearly indicates a success story for most of the new
b3

So
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TABLE 9
EFFECT SIZE DATA FOR THE PROCESS SKILLS

CRITERION CLUSTER BY CURRICULUM

CURRICULUM N MEAN A ﬂéﬂl& MMI‘J‘;I& S.D. t-value
ESS 4 0.47 0.26 0.70  0.18 5.19%
SCIS 6 0.56 0.12 1.20 0.36 3.72%
SAPA 3 1.08 -0.02 2.50  1.28 1.46
USMES 1 0.29 —- _— 7.00 -
SCIL 4 0.43 0.38 0.47  0.04 18.34%
ESTPSI 3 0.50 0,15 0.73  0.30 2.81
ISCS 1 0.30 -—- — 0.00 -

, IPS 5  -0.08 -0. 44 0.23  0.30 - 0.63
ESCP 8 0.22 -0.62 0.52  0.39 1.60
BSCS/SM 1 0.11 — -— 0.00 -—
BSCS/Y 4 0.72 0.23 1.76  0.71 2.01

* BSCS/B 1 2.45 -—- - 0.00 -
CHEM 5  -0.03 -0.33 0.26  0.22 - 0.37
CBA 1 0.34 — - 0.00 -
PSSC 5 0.35 ~0.10  4.19 . 0.49 1.60
HPP 2 0.28 0.27 0.30  0.02 19.00%
PSNS 2 0.09 .  0.08 0.10 0.0l 9.00

&

*Value is significant at the a priori alpha level (0.05).

curricula. But not all curricula show equal success. Both the IPS
(A = -0.08) and CHEM Study (A = -0.03) accumulated a record of nega-
tive performance on process skills development.

The slightly negative results for both the IPS and CHEM Study

are especially interesting because of the emphasis both place on the
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integration of laboratory activities in total course work. The lack
of success shown by the studies of the curricula suggest ineffective
curricular materials or improper implementation of potentially
effective materials. Again, the lack of detailed information describ-
ing the treatment conditions (i.e., with how much integrity were the
new materials implemented) prohibits a thorough investigation of the
alternatives.

The remaining data in Table 9 follow a trend similar to the
achievement data in Table 7 where effect size data are available on
both criteria for a particular curriculum. The curricula showing
strong positive effect size values in achievement show similar values
in process skill measures (e.g., SCIS AA = 1.00, AP.S. = 0.56; BSCS-

Yellow AA = 0,15, AP.S. = 0.72; PSSC Ah = 0.51, AP.S. = 0.35).

Analytic Thinking

Perhaps the area most stressed by new sciernce curriculum devel-
opers in the golden years of curriculum reform was problem solving and
critical thinking. Capturing just the right mixture of text material,
laboratbry activity, and stimulating problems was the dream of every
curriculum engineer and the challenge awaiting every new science
curriculum teacher. Were the new materials being developed in the
post-Sputnik years any more effective 'in cultivating student analytic
thinking skills than the tradipibﬁél courses -they were replacing?

*

Many new science curriculum'appeared and disappeared before that ques-

tion was fully explored. In fact, it is questionable that the issue

was really explored fully considering Table LO indicates only 35

0 | \ 5




TABLE 10
EFFECT SIZE DATA FOR THE ANALYTIC THINKING

CRITERION CLUSTER BY CURRICULUM

MINI- “MAXI-

CURRICULUM N MEAN A VUM A MU A s.D. t-value
SAPA 1 0.06 -— — .00 _—
1SCS 1 0.07 — — 0.00 -—
iPS$ 5 -0.15 -0.36 0.12 0.22 - 1.57
ESCP 7 0.16 -0.05 0.44 0.18 2.31%

LJ/ES 1 0.01 - — 0.00 —
MSP 1 0.12 ——— ——- .00 -—-
BSCS/SM 1 0.79 -— ——- 0.00 —
BSCS/Y 3 0.42 0.03 1.08 0.57 1.27
BSCS/B 2 0.94 0.4 1.44 0.70 1.88
BSCS/G 1 -0.18 — — 0.00 ——-
CHEM 5 0.30 -0.08 0.75 0.32 2.08
CBA 1 0.21 —— - 0.00 -—
PSSC 6 0.53 0.01 1.41 0.61 2,12

*Value is significant at the a priori alpha level (0.05).

codable effects addressing the question of new science curriculum
impact on student analytic thinking skill with only 5 curricula
revealing more than one effect size.

The four most frequently studies curricula (IPS, ESCP, CHEM, and
PSSC) show slightly mixed results. The IPS studies showed an overall

negative impact while the other three showed a positive effect with

PSSC being the highest at 0.53 standard deviations. Perhaps the

most surprising data on analytic thinking are those for the BSCS
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curricula. The 7 studies on these curricula produced a mean effect
size of A= 0.46 second only to physics (A = 0.53). For a subject
area generally considered non-quantitative at the high school level,

these results are very impressive.

Related Skills--

The related skills cluster cpntains those studies conducted to
determine the effects of new science curricula on mathematics skills,
reading ckills, social studies performance, and communications skills
(e.g., writing and speaking). The promise of enhanced student per-
formance in related skill areas was never advertised loudly by new
curriculum proponents, but the inference that gains in these areas
could be achieved as an added benefit was abie to be concluded from
much of the early rhetoric.

As Table 11 indicates, only three of the new science curricula
actually were cstudied to any extent for their impact on r;lated skill
areas: SCIS, SAPA, and USMES, all eleme;tary level programs. While
the mean of the USMES study effect sizes is the most impressive (A
= 0.66), the top-end value of 4.48 and the resulting standard deviation
for the effect rize data of 1.25 leaves the overall mean somewhat
suspect. 1t is probably safe to conclude however, that student per-
formance in related skill‘areas was positively enhanced through their

participation in such curricula,




TABLE 11
EFFECT SIZE DATA FOR THE RELATED SKILLS

CRITERTON CLUSTER BY CURRICULUM

CURRTCULUM NooomEana e MM s bl rvalue
scis 13 0.2L  -0.05  0.5%  0.15 5.00%
SaPA 18 0.10  -0.41  0.75  0.29 1.46
USHES 12 0.66  -0.01 .48  1.25 1.8
15CS 2 -0.03  -6.10  0.03  0.08 - 0.54
MSP 1 o~ —-- —-  0.00 -
BSCS /Y 1 -0.50 —- ——  0.00 -
PSSC 1 0.0 —- ——  0.00 -

*Value is significant at the a priori alpha level (0.05).

Other Performance Areas

As indicated by the relatively small number of effect size values
listed in Table 12, the number of studies focusing on non-conventional
measuw es of student performance is relatvely small. Fourteen of the
effect sizes included in thg table are derived from studies using
Piagetian-type tasks and 5 of the studies utilized creativity measures
as a dependent variable. The paucity of studies on these variables
for any one curricuium makes meaningful synthesis difficult. Perhaps
the most significant conclusion to be drawn from these data is that
more experimental studies need to be conducted using these criteria

as dependent variables.
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TABLE 12
EFFECT SIZE DATA FOR THE OTHER MENTAL FUNCTIONS

CRITERION CLUSTER BY CURRICULUM

CURRICULUM N MEANA ﬁégf& SS;I& s.D.  t-value
ESS 3 0.48 0.06 0.8l  0.38 2.18
SCIS 7 0.18  -0.55  0.86  0.55 0.88
SAPA 5  0.50  -0.09  1.50  0.62 1.82
TSM 1 0.49 - _— 0.00 -
1SCS 1 0.7y - = 0.00 ——
1PS 2 0.35 0.26  0.44  0.12 3.89
ESCP 2 -0.13  -0.70 0.4  0.80 - 0.23

How do students exposed to new science curricula of a

particular ccntent area (physics, chemistry, biology,

earth science, ete.) compare to students in traditional

science courses?

Effect size data are grouped by the science content area for the
analysis reported in this section. For each stuay reviewed and coded,
the content area represented by the curriculum under study was placed
in ore of the following categories:

(1) Life science

(2) Physical s:ience

(3) General science

(4) Earth science

(5) Bioliogy

<

{
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(6) Chemistry %

(7) Physics x%

As was mentioned earliegkxthe geound rule in coding dictated that the
s

N
study be labeled with the h&gggst degree of specificity rather than

the most general. Thus, PSSC phy81cs Tt ashenis

as physics and chemistry, respectively, not physical science.

Elemen-
tary science curricula were coded as general science

Life Sciences

This grouping of science curricula includes those dealing with

topics such as health science and junior high life science.

As indicated in the data in Table 13 the student perceptions

criterion cluster is the only one for which multiple effect sizes were

calculated. The strong positive effect size mean (A = 0.66) indicates

that the students exposed to the new life science programs developed

more positive attitudes about science than students participating in

the standard health and life science programs.

Physical Science

The curricula included in the physical science category represent

junior high school programs for the most part. Because of the recent

interest in the junior high/adolescent student expressed by funding

agencies, these data and the subsequent grade level analyses found

later in this report are significant. The two criterion clusters

showing the most dramatic differences among th. effect size data

reported for the physical science curricula in Table 13 are achievement

9.




and perceptions. The combination of these two sets of performance

data suggest that the new curricula represented by these junior high
)

studies had a positive impact on the student participants. The only

-

negative impact is found in the area of problem solving/critical

thinking where a slightly negative effect size appeé¥s (A = -0.10).
8

General Science

Just as the physical science curricula are most characteristic of
junior high programs, the general science curricula are comprised
mostly of the elementary school programs. Perhaps the most revealing
statistic of the Table 13 data is that there are 143 effect sizes
included under the general science category -- almost half of all the
effect sizes calculated from the codable studies. The relative wealth
of reseanch in this content area is most likely a function of the
numbers of students enrolled in elementary science programs compared
to those enrolled in upper grade level programs and the accessability
of elementary school populations.

If a consistency of performance of new curricula in any content
area is sought, the general science area is far and éway the winner.
In all 5 performance areas where multiple studies were located, the
effect size data indicate that students participating in the new pro-
grams performed significantly better than their traditional course
counterparts. The parformance of the average elementary student in
the new science curricula coded exceeds 61-72% (A= 0.27 to A = 0.59)
of the students in traditional science courses for these 5 criterion

clusters.




91

Earth Science

Earth science curricula tend to be used at the 9th grade level
although some of the Aew earth science programs have been used as high
school electives and as advanced 7th/8th grade'courses. As the data in
Table 13 indicate, studies performed in the earth science area are the
only ones that produced statistically significant differences in the
analytic skills criterion cluster (the high school science areas,
biology, chemistry, and physics each produced substantial positive
effect sizes, but not statistically significant from zero).

Contrasted to the significant results produced in the area of
analytic skills, the earth science curricula also distinguish them-
selves as the only content area for which a positive achievement result
was not achieved (A = —6.07); however, this mean is not significantly

different from zero.

Biology

New science curricula in biology are synonymous with BSCS. The
collapsed category of biology represents a composite view of research
completed on the various versions of BSCS (Special Materials, Yeilow,
Blue, Green, and Advanced). Of the high school science programs
developed, more codable research was found for BSCS programs than any
other single project.

An examination of the data in Table 13 reveals an impressive
track record regarding the research results on the BSCS programs.
Where multiple effect sizes of a performance cluster exist, the mean

effect size values are consistently high (A > 0.46). One of the more

S
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interesting positive effects of BSCS is in the area of analytic
thinking. The studies coded yielded an effect size mean of 0.46.
This mean is higher than thgt generated for all chemistry curriculum
research reviewed (A = 0.28) and approaches the mean of the physics
program research (A= 0.53). Considering that traditional biology is
noted for its preoccupation with facts and labels, the mean of 0.46

is quite an impressive turn-around.

Chemistrz

Two chemistry curricula comprised the market of new curricula
during the decade of the sixties: CHEM Study and CBA. Of the three
traditional high school subject areas (biology, chemistry, and
physics), it is probably safe to conclude on the basis of data in
Table 13 that the new chemistry curricula produced the least impact
in terms of enhanced student performance. The mean effect size of
5.16 for the studies on achievement, while statistically significant
from zero, is not as impresive as Biology (A = 0.59) or Physics (A =
0.50). Only the achievement data for the earth science curricula
(A= -0.07) yielded a smaller mean effect size.

An even less impressive figure for the new chemistry programs is
in the area of process skills. Recall that process skill measures are
those reflecting an understanding of and familiarity with laboratory
procedures, designing, executing, and interpreting experiments, and
problem solving procedures that involve active participation. One
would expect this to be a forte of the new chemisiry programs. This

does not appear to be the case. While the mean effect size of 0.28




~
4

in the area of analytic skills is respectable, it does not make up
[ £
A

for the dismal record in the process skill area.

Physics N

Studies of two physics currictila, PSSC and HPP were coded for
this meta-analysis. The data in Table 13 include 35 effect ‘sizes
generated frém PSSC studies and 2, from HPP studies. Interestingly, .
no codable studies were found which dealt with student perceptions.
Apparently, researchersawere interested more in the cognitive per-
formance areas than in the affective domain. Yet, a gpaée concern
still exists over the declining enrollments in science and espekially
in high school physics.

The performance chart of the new physics programs is second only
to the biology curricula .n the overall positive effect size pattern.
Studies of achievement and analytic skills yielded mean effect sizes
of about a half standard deviation. Translated into grade equivalents,.
this means students participating in the new physics courses effec-
tively gained a half-year of study on their traditional course class-
mates in terms of general physics achievement and analytic thinking
skills. The decline, perhaps demise is a better work, of the new
physics programs should not be attributed to a lackluster performance

based on the research reviewed!
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TABLE 13
EFFECT SIZE DATA FOR PERFORMANCE .XITERTON

CﬁhSTERS BY CONTENT OF CURRICULA

MINI- MAXI-

CLUSTER N MEAN A WMA MuMA  SD t-value
Life Science

Perceptions y 0.66 0.46 0.85 0.18 C7.24%
Analytic Skills 1 0.01  =-—o -— 0.00 —
Physical Scienée

Achievement 9 0.31 -0.33 l.14 0.47 1.97
Perceptions 8 0.31 0.15 0.66 0.16 5.48%
Process Skills 10 0.08 -0.44 .78 0.34 0.74
Analytic Skills 7 «0.10 -0.36 < 0.12 0.21 - 1.32
Other Areas 6 0.27 -0.70 0.74 0.50 1.35
General Science

Achievement 32 0.35 -0.57 2.47 0.68 2.95%
Perceptions - . 30 0.32 -0.82 1.12 0.49 _ 3.55%
Process Skills 19 0.58 0.12 2.50 0.52 4,95%
Analytic Skills 1 0.06 -—— -— 0.00 ---
Related Skills 46 0.27 ,=0.h41 L.u8 0.69 2.67%
Other Areas 15  0.35 /-0.55  1.50  0.53 2.53%
Earth Science <1~

Achievement 4 -0.07 -0.52 0.27 0.32 - 0.45
Perceptions 1 0.11 - - 0.00 ~——
Process Skills 8 0.22 -0.62 0.52 0.39 1.60
Analytic Skills 7 0.16 -0;05 0.4y 0.18 ° 2.31%
Biology

Achievement 29 ; 0.59 T -0.49 4,18 1.04 3.07%
Perceptions 4 o.82 “0.21 1.75 0,72 2.28

T (continued)
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TABLE 13 (Continued)
MINI- MAXI-

CLUSTER N MEAN A UM A MUM A S.D. t-value
Process Skills 6 0.90 0.11 2.45 0.96 2.29
Analytic Skills 0.46 -0.18 l.uy 0.58 2.09
Related Skills 1 -0.50 -— -_— 0.00 -_—

Chemistrz
Achievement 33 0.16 -0.u49 1.09 0.40 2.,28%
Perceptions Y 0.15 -0.81 0.76  0.69 0.45
Process Skills ) 0.02 -0.33 0.34 0.25 0.24
Analytic Skills 6 0.28 -0.08 0.75 0.29 2.40
Phxsics )
Achievement 23 0.50 -1.04 2.70 0.77 3.16%
Process Skills 7 0.33 -0.10 1.19 0.40 2.18
Analytic Skills 0.53 0.01 1.4l° 0.6l 2.12
Related Skills 1 0.04 — — ‘0,00 —_—

* Value is significant~at the a priort alpha level (0.05).

Compared to students in traditional science courses, how is

student performance affected by the level of emphasis on

inquiry, process skills, laboratory, individualiaation, and

content across new science curricula?

Studies focusing oh the effectiveness of a particular science

4

program such as PSS@Q CHEM, or BSCS dominate the research literature

on new science curricula.

The difficulties of doing large scale

research across currictlar or content lines explains the abundance of

the focused studies.

However, there is interest in questions that
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cut across program and content’lines. Questions such as, "how does

the amount ;fcemphasis on inquiry affect student performance?" are of .
interest. But they defy easy investigation because' of the large .
samples needed to override the interactive effects of any one program

or science area. This is not practical in original research. The
quantitative synthesis of study results pé%mits a post hoc analysis of
such questions even though the original studies may not have focused

on the issue.

Using the ratings of a panel of five science educators, profiles
of the science curricula encountered in the research studies analyzed
were constructed. Each curriculum wés rated on a scale of 1 (low) to
% (high) on the level of emphasis on: (1) inquiry, (2) process skills,
(3) laboratory, (4) individualization, and (5) content. With the
available information, profiles were constructed for 21 of the 27
curricula encountered. The profiled curricula accounted for 306 of
the 341 effect sizes available for analysis.

Effect size data were grouped as "high" (3 or 4) or "low" (1 or
-2) on each of the five profile factors and analyzed for eacg perfor-

mance criterion cluster. The effect size data for each separate

profile factor are listed in Tables 14-18.

Inquiry Emphasis

Since the explanation of the curriculum profile data constitutes

¥

an exhaustive report by itself, a brief presentation of some of the

major features of the analyses are presented here. Perhaps the first

point of interest lies in the profile ratingévthemselves. The panel
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evaluating the(various curricula rated 73% of the new curricula low
on inquiry, §0% high on process skills, 93% high on laboratery
emphasis, 78% low on individualization, and 73% high on content
emphasis. Certainly, these ratings reflect the bias of the panel and
represent a source of error in interpreting the results.. Especially
interesting are the low ratings on inquiry and individualization --
ratings that run counter to the original goals purported by curriculum
architects and assumed by uninformed teachers and lay people.

The data on the inquiry factor in Table 1% do not reveal any
overall pattern of performance but do show data of interest in the
perceptiops and related skills areas. With an even distribufion of

high and low rated curric@la (N = 18), the 0.42 effect size associated
i
with curricula with a low;rating on inquiry appears to be considerably
« |
more positive than that associated with curricula rated high on

4

inquiry. Assuming tradit&onal curricula would receive a low inquiry
rating by these same panelists, these datajéhggest that the positive
affective student response to new science programes is not a function

of the inquiry nature of thé new materials, but of some other
factor(s). This relationship was explored more fully by correlating
the curriculum profile ratings with the effect size data across all
performance measures and by each performance cluster. As indicated

by the correlation data reported in Table 19,\student perception effect
-size data consistently correlate negatively to the four }actors most

often attributed to new science curricula (inquiry, process orienta-

tion, laboratory emphasis, and individualization).




The related skills data are just the opposite of the student per-

ception data when analyzed by level of emphasis on inquiry. Effect
size values are considerably higher (A = 0.45 versus A = 0.06, Table 14%)
for studies conduci:ed on curricula with a high inquiry rating. The
mean data for effect size grouped by emphasis c-m Content (Table 18)

and the correlation data in Table 19 substantiate a firm pattera which
/shows that student perforuance in relatad skill ‘areas Ais positively

affected in science curricula which emphasize inquiry and negatively

affected in curricula which stress content.

Process Emphasis

~

The effect size analysis on the curriculum profile rating process
skills (Table 15) has two interesting features in addition to the

predictable finding that student performance on process measures is

_enhanced considerably in curricula which stress process skill, (A =

0.50 (high) versus A= 0.12 (low)). The analysis indicates that
student performance on analytic skill and related skill measures is
increased significantly when fhe curvicula are rated high on process
skill emphasis (A = 0.38 versus A= 0.06 for analytic skills; and,
A= 0.27 versus A= 0.0l for related skills). The strong positive
correlation between analytic skill performancé and 'curriculum process
skill profile is borne out in Table 19 as well (r = 0.34), This
strong process orientation-analytic skill performance relationship is
one that mar;y proponents of the new curriculum movement purported,

that many opponents doubted, and that few studies ever addressed.




Laboratory Emphasis

™

Thefrole of the laboratory in school science is an issue that

generates emotional debate at all levels of science education: Is it
or is it not a critical component of instruction? The effect size
data analyzed by the degree of emphasis placed on the laboratory in

new science curricula are presented in Tables 16 and 19. An examina-

tion of the means in Table 16 reveals a definite pattern: in the four
perfbrmaﬂce areas where a dichotomy of high and low emphasis on
laboratory could be established, student; participating in studies
where the curriculum under investigation was rated "low'" on laboratory
emphasis consistently outperﬁérmgd students participating in studies
where the curriculum involved wa; rated "high." Notice, however,

that the means for the low laboratory emphasis curricula were based

on relatively few effect sizes compared to the high emphasis and

that none of the low emphasis means were significantly different °
from zero. Recall that only 7% of the effect sizes (N = 21) were
calculated from studies involving curricula receiving a low rating

on labofétory emphasis. The correlation data in Table 19 further
suggests that the increased laboratory emphasis of the new science
curricula is not necessarily a case of "more is better." Indeed, the
negative correlation between laboratory emphasis ratings and effect

size data on student perceptions criteria (r = -0.34) suggest that

students aren't as positive about new science program experiences

when the emphasis on laboratories is increased.




Individualization Emphasis

Table 17 contains the results of effect size data analyzed by
the degree of individualization of the new cufricula. As evidenced
by the data, achievement results are slightly enhanced in curricula

judged higher on individualization while analytic skills are.not.

.Trle to form, student perceptions appear to be adversely affected by

increased individualization (A = 0.40 (low) versus ‘A= 0.1l (high)).
This observation is supported by the r = -0.39 correlation coefficient

in Table 19.

Content Emphasis

)
[

Table 18 contains the effect size data analyzed by the level of
emphasis on content. The data %%veal substantial disparities in
only two areas: student perceptions (A = 0.42-(high) versus‘A = 0.12
(Low)) and related areas (A = 0.42 (low) versus A= 0.06 (high)).

However, the slightly more positive effect size for the low content

.emphasis curricula on achievement (A = 0.42) may be the most signifi-

cant value when viewed from the new curriculum developers perspectivé.
The fact thgt achievement scores do not plummet when the emphasis on
content is reduced, but in fact, actuall} increase, could be con-
sidered a significant accomplishment if substantial gains in other
performance areas such as student attitude and problem solving and

process skills are also realized!

10,
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TABLE 14 : o .
EFFECT SIZE DATA FOR CRITERION CLUSTERS BY/éURRICULUM

PROFILE: EMPHASIS ON INQUIRY

MEAN  MINI-  MAXI-

CLUSTER RATING N A MUMA MumA S-D-  t-value
Achievement High 16 0.4l -0.06 2.41  0.64 2,58%

Low 106 0.36 -1.04 4,18 0.77 5.03:%
Perception High 18 0.183 -0.82 0.82 0.47 1.16

Low 18 0.42 -0.8%  1.75 0.51 3.46%
Process High 12 0.u7 0.11 1.20 0.30 5.4y
Skills Low 35 0.36 -0.62  2.50 0.68 3.14%
Analytic High 2 0.05 -0.18  0.29 0.33 0.23
Skills Low 3L 0.27 -0.36  l.h4  0.46  3.26%
Related High 25 0.42 ~0.09 4.48 0.88 2.42%
Skills Low 23  0.06 -0.50  0.75 0.29 1.02
Other High 10 0.27 -0.55 0.86 0.50 1.70 ' .
Areas Low 10 0.37 -0.70 , 1.50 0.57 2.05

A),‘.,

*Value is significant at the a priori alpha level (0.05). o

~ . 1t
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TABLE 195
EFFECT SIZE DATA FOR CRITERION CLUSTERS BY CURRICULUM

PROFILE: EMPHASIS ON PROCESS SKILLS

MEAN  MINI-  MAXI-

CLUSTER RATING N A wMoMA mma SD- t-value
Achievement High 103 0.39 -1l.04 4.18 0.77 5.09%

Low 16 0.35 =0.52  2.47  0.66 2.32% y

4

Perceptions High 28 0.28 -0.82 1.75 0.52 2.85%

Low 8 0.25 -0.8L  0.76 0.u49 1.45
Process High 33 0.50 -0.33 2.50 0.65 _ 4.39%
Skills Low 4 0.12 -0.62  0.52 0.37  1.22
Analytic High 20 0.38 -0.27  l.yy  0.52 3.33% )
Skills Low 13  0.06 -0.36  0.44 0.23 0.92
Related High 45 0.27 -0.50  u4.u8 0.7l 2. 54
Skills Low 3 0.0l -0.10 0.11 0.10 0.22
Other High ~ 17 0.35 -0.55 1.50 0.50 2.87%
Areas Low 3 0.16 -0.70 .74 0.76 0.36

*Value is significant at the 4 prior¢ alpha level (0.05).

s
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TABLE 16

P

EFFECT SIZE DATA FOR CRITERION CLUSTERS BY CURRICULUM

PROFILE: EMPHASIS ON LABORATORY

MEAN  MINI- — MAXI-

CLUSTER RATING N A MHA wma S0 t-value
Achievement  High. 111 0.32 -1.04 2.70 0.2 5. 56%

Low 11 0.96 -0.42  4.18 1.52 2.10 .
Perceptions  High. = 31 024 -0.82  1.05 0.42 3.17%

‘Low 5 0.47 -0.81 1.75 0.93 1.14
Process High® 45° 0.34 -0.62  2.50 0.53 4.33%
Skills Low 2 1.39  0.34%  2.45 1.49 1.32
Analytic High 30 0.21 -0.36  1.41 0.42 2.,79%
Skills Low 3 0.69  0.21  1l.u4  0.65 1.85
Related . High 48  0.25 -0.50 4.48 0.69 2.54%
Skills Lou 0 e — L
Other High 20 0.32 -0.70 1.50 0.52 2.73%
Areas

Low 0 - — —— —_ —

*Value is significant at. the a priori alpha level (0.05).




TABLE 17

.EFFECT SIZE DATA FOR CRITERION CLUSTERS BY CURRICULUM

PROFILE: EMPHASIS ON INDIVIDUALIZATION
MEAN  MINI-  MAXI-

CLUSTER RATING N A MUM A MUM A S.D. t-value
Achievement  High 11 0.48 -0.06  2.41 0.76 2.07

Low 111 0.37 -1.04  4.18 0.75 5.19%
Perceptions  High 16 0.11 -0.82 0.82 0.50 0.92

Low 20 0.40 -0.81L  1.75 0.49 3.66%
Process High 14 0.uy 0.11 1.20 0.28 5.86%
Skills Low 33 0.36 -0.62 2.50 0.70 3.00%
Analytic High 2 0.11 -0.07 0.29 0.25 0.61
Skills Low 31 0.26 -0.36  1.48%  0.46 3.20%
Related High 16 0.17 -0.10  0.5% 0.16  4.20%
Skills Low 32 0.29 -0.50 4.48 0.83 1.98%
Other High ll 0.3 -0.55 0.86 0.50 2.08
Areas Low 9 0.33 -0.70 1.50 0.59 1.68

*Value is significant at the a priori

107

alpha level (0.

05).
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TABLE 18 ' \

l EFFECT SIZE DATA FOR CRITERION CLUSTERS BY CURRICULUM

\ >

" PROFILE: EMPHASIS ON CONTENT

MEAN  MINI-  MAXI-

CLUSTER RATING N A MmA mwa SD- t-value-
Achievement High 107 0.37 -1.04 4.18 0.77 5.07%
’ Low 15 0.42 -0.27 2.4l 0.67  2.45%
Perceptions  High 18 0.42 -0.81 1.75 0.51 3.u8% "
Low 18 0.12 -0.82  0.82 0.47  1.14
Process High .35 0.36 -0.62 2.50 0.68 3,19%
Skills Low 12 0.48  0.12  1.20 0.29°'  5.66%
Analytic High® 82 0.27 -0.36  1.4% 0.45  3.uu%
Skills Low 1 -0.27 -0.27 =0.27 --- ———
Related High 23 0.06 -0.50  0.75 0.29  1.02
Skills Low 25 0.42 -0.09  4.48 0.88  2.42
Other High 7 0.33 -0.70  1.50 0.68  1.28
X Areas

[ Low 13 0.31 -0.55 0.86 0.45 2.51%

*Value is significant at the a priori alpha level (0.05).
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TABLE 19
" -CORRELATIONS BETWEEN CURRICULUM PROFILE RATINGS AND

EFFECT SIZES CALCULATED FROM STUDENT PERFORMANCE DATA

PERFORMANCE(S) N  INQUIRY PROCESS LABORATORY INDIVIDUAL CONTENT

Achievement 122 0.05 0.06 -0.07 0.07 0.04
Perceptions 36 -0.39%  -0.26% ~0,33% -0.39% -0.12
Process Sﬁills - 47 0.05 0.16 -0.07" 0.04% -0.03
Analytic Skills =33 0.00 0.3y* -0.07 0.01 0.186
Related Skills 48 | 0,28% 0.09 0.00 -0.08 -0.28%
Otﬁer Areas 20 -0.11 0.03 -0.07 -0.05 -0.02
Composite 306 -0.02 0.04 -0.17% ~0,02 0.01

*Value is significant at the a priori alpha level (0.05).

In etudies where grade level is specified, how do students
axposed to new science curricula compare to students in
traditional science courses?

Data are presented in Table 20 which address the question of
curriculum effectiveness by grade level. Conventional grade level
groupings (i.e., elementary (K-6), junior high (7-9), high schuol
(10-12), and post -secondary) are used for two reasons: (1) speci%ic
grade level data are not available in tﬁ; majority of ;tudies reported,
and (2) the limited numbers of studies in many of the specific grades

prohibits meaningful quantitative $ynthesis. =

1045
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TABLE 20 \
EFFECT SIZE DATA'FOR CRITERION CLUSTERS BY GRADE |
& . ' ’ “
; LEVEL ACROSS ALL NEW SCIENCE CURRICULA .
MINI-  MAXI-
[ _ ‘
CLUSTER J N MEAN A MUM A MUM A S.D. tT-value
Elementary (K-6) iﬁ —
Achievement 27 0.37 -0.57 2.47 0.4 2.64% o
Perceptions 29 0.28 -0.82 0.83 0.46 * 3;28%
. Process Skills 16 0.56 -0.02 2.50 0.59 *  3.8u%
Analytic Skills 1 0.06 0.06 0.06  0.00 ——-
Related Skills 37 0.17 -0.41 1.08  0.27 3.8y
Other Areas T o1y 0.32 -0.55 1.50  0.55 2.22%
Composite 124 0.31 -0.82 2.50 . 0.52 6.55%
Junior High (7-9)
Achievement 13 0.23 -0.33 0.86  0.34 2.146% .
Perceptions 11 - 0.59 0.17 1.12 0.3l 6. 14
Process Skills © 18 0.23 -0.62 0.73 0.39 2.49%
Analytic Skills 14 0.02 -0.36 0.44  0.23 0.32
Related Skills 9 0.68 -0.10 4.48  1.46 BITS
Other Areas 7 0.33 -0.70 0.74  0.u48 1. 84
Composite 72 0.31 -0.70 4.48 0.62 4, 2u%
High School (10-12) :
Achievement 83 0.37 -l.04 4.18 0.80 4, 29%
Percentions 9 0.uh -0.81 1.75 0.70 1.90
Process Skills 19 0.43 -0.33 . 2.45  0.68 2.77% .
Analytic Skills 19 0.42 -0.18 1.44%  0.50 3.66%
Related Skills 2  -0.23 . =0.50 0.04  0.38  -0.85
Composite 132 0.38 -1.04  4.18 0.73  6.06%

continued
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TABLE 20 (Continued)

MINI- MAXI-
CLUSTER N MEAN A MUM A UM A S.D. t-value
Post-Secondary
- Achievemeat 5 0.47 0.13 0.82  0.27  3.91%
Perceptions 1 0.15 0.15 0.15 0.00 -
Process Skills 2, 70.09 0.08 0.10 0.01 9.00
Analytic Skills 1 0.23 °© 0.23 0.23  0.00 —
Composite 9 0.32 . 0.08 0.82 0.26 3.70%

-

*Value is significant at the « priori alpha level (0.05).

— ]

A rough estimate of néw curriculum effectiveness by grade;level
is available in the '"composite'" line entries of Table 20. The data
for all the different criterion variables are treated as one composite
variable, i.e., student performance. The data show that studeﬁts
participating in new science curricula performed better than their
traditional course counterparts by 0.3l to 0.38 standard deviations
across all performance measures. Thus, the average student in new
science curricula (by grade level) exceeded the performance of 62-65%
of the students in traditional courses.

The detailed data in Table 20 show the effect sizes by criterion
clusters. Data were available ;é\palculate approximately 125 effect
sizes for both elementary grade level and high school studies but
V only 72 for the junior high school level. Similarly, data were

available for Ll post-sccondary cffoect size calculetions. These

1j4




. - 109

post-secondary effect size calculations were for study situations in
which no modifications were made to the curricula being'used and those
studen&s had not had a previous course in that science discipline.
Thus, reasonable comparisons are able to be made.

-

Among the more intepesting results in Table 20 are the significantl
differences fop(proces; skills at the elementary level, perceptions
at the junior High school level, and achievement at the post-secondary
level. The process skill area was targeted as a critical area among
elementary school science cur?iculum developers. Base¢ on the Table
20 data, that goal is being achieved. At the junior high level
student attitudes were considered a prime target (i.J.; getting
students to like science). Here again, the new programs show their
effectiveness.

What curriculum designers had not expected was the success of
some programs in the post-secondary arena. The data show that when

new science materials are used with junior college and beginning

college students, achievement is enhanced.

When grouped by gender, how do students exposed to new

science curricula compave to students in traditional

science courses?

A recurring question in science education deals with the sex-bias .
of certain science materials and even entire subject areas. There is
an intuitive notion among lay people a;a educators that males
gravitate toward selected science areas on a random basis but, that

¥

women tend to be attracted to non-quantitative areas of science, if

»

? 1114'
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they are attracted toward science at all. Following the intuitive
logic one step further, the reason cited for female aversion to science
is their poor performance in science related areas. The question of
sex-bias in the new curficulum materials is not one that this meta-
analysis cén answer with the type of data available. However, éhere
are some data that deal with the question of student gender and per-
formance in the new science curricula éompared to the traditional
courses. The data are presented in Table 21 and shown graphically in
Figure 2.

The data in Table 21 are grouped according to the make-up of the
student populations sampled in the research studies coded. If the
percentage f females was reborted as less than 25% of the total
sample studiéd, the study was classified as predominantly‘Aale. JIf
the percentage of females was rep?rted as greater than 75%, the study
was classified as bredominantly female. Male/female percentages
between 25% and 75% were classified as a mixed group. For the com-
posite data of Table 21 the performance criteria were collapsed across
all performance factors to provide a gross indicator of science
curriculum-student gender interaction.

The breakdown of the data in Table 21 by sample type is intu-
itively interesting. Only 19 effect sizes were calculated for samples
with more than 75% females while 123 were calculated for predominantly
male samples. The composite performance results, ﬁowever, show
clearly that predominantly male and predominantly fenale samples

performed equally ‘well, about a quarter standard deviation better than

11,




111

TABLE 21
EFFECT SIZE DATA FOR CRITERION VARIABLES BY STUDENT

* GENDER ACROSS ALL NEW SCIENCE CdRRICULA

MINI- MAXI-
v -
CLUSTER N MEAN A MUM A HUM A s.D. t-value

Male Sample

Achievement 58 0.25 -1.04 2.70 0.u49 3.96%

- Perceptions 12 -0.02 -0.82 0.76  0.56  -0.13

Process Skills 18 0.16 -0.41 1.19  0.36 1.96

Analytic Skills 21 0.30 -0.18  1.41  0.40 3.45%

Related Skills 8 0.01 -0.22 0.28 0.4  0.33

Other Areas 6 0.47 -0.09 0.86  0.39 2.96%

- Composite 123 0.22 -1.04 2.70  0.45 5.31%

Mixed Sample

Achievement 68 0.45 -0.57 4,18 0.88 y,28%
Perceptions 3y 0.51 -0.32  1.75  0.38 7.76% .
Process Skills 33 0.52 -0.62 2.50 0.6ﬁ 4.65%
Analytic Skills 9 0.31 -0.27  l.u4  0.56 1.67

Related Skills 40 0.30 -0.50 4,48 0.74 2.55%

Other Areas 15 0.27 -0.70  1.50  0.56 1.88
Composite 199 0.43 -0.70  4.48  0.71 8. 1l

Female Sample

Achievement 4 0.55 -0.52 1.65  0.88 1.25
Perceptions 5 0.32 -0.40 0.82  0.45 1.58
Process Skills 5 0.29 -0.05 0.52 0.23 2.80%
Analytic Skills 5  -0.10 -0.36 0.21 0,24  -0.94
Composite 19 0.25 -0.52 1.65  0.50 2,15%

*Value is significant at the a priori alpha level (0,05),
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their traditional course comparisbn groups. What is not easily
explained is the substantially greater mean effect size for tﬁe mixed
groups. Perhaps there is a social dimension to learning and liking
science that must be accounted for in the ;lassroom.

The breakdown of the data in Table 21 reveals two interesting
features. The first deals with the consistently higher effect size
pattern of the mixed sample studies. On almost every criterion measure
the mixed group samples produced more positive differences. The
second feature deals with the analytic skills data for the female

samples. The -0.10 effect size represents Qhe largest negative result

encountered in the new science curricula-traditional course compari-

‘sons.

2

An ANOVA was conducted on the effect size data grouped by indi-
vidual performance criterion cluster and by composite performance by
gender. The difference in overall student performance between the
predominantly male samples and the mixed samples was statistically
significant on the basis of a Duncan's Multiple Range Test, at the
alpha 0.05 level. However, no significant differences between the
grouéings were found for the individual criterion clusters. A summary

of the ANOVA data appears in Table 22.

In studies where school type i8 specified, how do
students exposed to new science curricula compare to
students in traditional seience courges?

Effect size data for student performance in new science programs

versus traditional courses grouped by school type are presented in
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TABLE 22 - .
ANOVA SUMMARY FOR EFFECT SIZE DATA GROUPED BY

CRITERION CLUSTER AND SAMPLE GENDER

SOURCE df SS MS F-value
Y
Model 15 7.90 0.53 1.35 " .
Cluster 5 \l.lu 0.22 0.59
Gender 2 3.19 1.59 4,09%
Cluster®Gender 8 3.09 1.54% 0.99
Error ’ 325 126.91 0.39
Corrected Total 340

*Value is significant at the a priori alpha level (0.05).

Table 23. Since information regarding the school type from which
samples were drawn was not available in all studies reviewed, the
éumber of effect sizes included in the andlysis is substantially

. ' @

f%duced from previous analyses. Assuming the uncodable studies would
di%burse themselves equally among the three school type categories (a
coAservative estimate), it is clear that the bulk of research con-
ducted on questions of curriculum effectiveness is done in suburban
schools.

The composite data in Table 23 indicate that the new science

curricula apparently impacted suburban and urban schools more posi-

tively than the rural schools. The breakdown of effect size data by

criterion clusters magnify this coumposite data disparity.
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TABLE 23

EFFECT SIZE DATA FOR CRITERION CLUSTERS BY SCHOOL

TYPE ACROSS ALL NEW SCIENCE CURRICULA

. MINI- MAXI-

CLUSTER N MEAN A MUM A MU A S.D. t-value
Rural .
Achievement 9 0.34 0.04 0.71 0.25 .  3.94%
Perceptions 9 -0.07 -0.82 0.82 0.58 -0.40
Process Skills“ 6 0.45 0.15 0.73 0.23 4 .65%
Other Areas \ 1 0.06 0.06 0.06 0.00 —
Composite 25 0.20 -0.82 0.82  0.44 2.28%
Suburban

Achievement 72 0.41 -1.04 4.18 0.85 4.11%
Perceptions 19 0.46 0.00 1.75 0.40 5.,04%
Process Skills 13 0.50 -0.62 2.45 0.85 2.11%
Analytic Skills 17 0.27 -0.27 1.44 0.45 2.45%
Related Skills 34 0.30 -0.41 4,48 0.79 2.22%
Other Areas 13 0.37 -0.55 1.50 0.56 2.37%
Composite 168 0.38 -1.04 4.48 .74 6.72%
Urban

Achievement Y 0.81 0.20 1.08 0.41 3.95%
Perceptions 2 0.64 0.60 0.69 0.05 14,33
Process Skills 12 0.24 -0.44 1.19 0.4l 1.92
Analytic Skills 11 0.17 -0.36 1.41  0.47 1.19
Related Skills 2 0.41 0.08 0.75 0.47 1.24
Other Areas 1 0.86 0.86 '0.86 0.00 ——

-
Composite 32 0.34 -0.u4 1.41 0.47 4, 13%

*Value is significant at the a priori alpha level (0.05).

¥
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Specifically, on achievement measures the rural school ‘mean is the
lowest of the three groups though not substantially different from
the suburban mean. however, on meas.res of student perceptions, the
rural school data are more than a half standard deviation lower than
both the suburban and urban groups. An ANOVA was performed on the
effect size data to test the significance of the differences for each
of the performance criterion groupings across the three school types.
In essence a one-way ANOVA of effect size data is a tes¥ of the ”
interaction of new curricula and school type on student performance.

The differences were not statistically significant at the a <0.05

level,

When grouped by socio-economic status, how do students

exposed to new science curricula compare to studentvs in

traditional science courses?

The data in Table 24 indicate that very few studies of new science
curricula have been conducted in which student sociOveconémic status
was lsolated as a study variable. The extremely small number of
studies completed on low socio-economic student samples (N=z=4) ,
diminishes the power of quantitative synthesis techniques considerably.
The distribution of the 19 effect sizes calculated for the high SES
samples also limits meaningful discussion regarding the achievement
studies analysis at the criterion cluster level. Nonetheless, the high

SES achievement data are interesting. The achievement (A= 1.00) and

the composite data (A = 0.99) effect sizes for the high SES students

' 11_:/
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TABLE 24
EFFECT SIZE DATA FOR CRITERION CLUSTERS BY STUDENT
SOCIO-ECONOMIC STATUS ACROSS ALL NEW SCIENCE CURRICULA
o MINI- MAXI-
USTER .D. -
CL N MEAN A UM A MUM A S.D t-value
Low SES N
. Achievement \ 1 .08 —_— —— 0.00 -—

Process Skills ' 1 0.64 R _— 0.00 _—
Related Skills 2 0.4l 0.08 1.08 0.4l 1.24 N
Composite b -~ 0.63 0.08 1.08 0.41 3.06%
Mid-SES

*  Achievement 105 0.27 -0.57 2.47 0.49 5.68%
Perceptions 49 0.32 -0.82 1.12 0.44 5.16%

9

Process Skills 49 0.33 -0.62 2.50 0.46 5.00%
Analytic Skills 33 0.23 -0.36 l.uy c.u2 3.10%
Related Skills 46 0.24 -0.50 4.48 0.70 2.38%
Other Areas . 20 0.31 -0.70 1.50 0.52 2.70%
Composite 302 0.28 ~0.82 4,48 0.51 9, 71%
High SES '
Achievement 11 1.00 -0.26 4.18 1.59 2.10%
Perceptions 2 1.40 1.05 1.75 0.49 4200
Process Skills 4 1.00 ~0.33 2.45 1.31 1.52
Analytic Skills 2 0.50 ~0.08 l.08 0.82 0.86
Composite 19 0.99 -0.33 4,18 1.3y 3.21*

*Value is significant at the a priori alpha level (0.05).

‘ 1&.: {)
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are among the highest mean values for any analysis by group in this
study. An ANOVA performed on the mean effect sizes for the composite
performance data shows that the high SES composite effect size mean
is significantly different from the mid-SES group, on the basis of a
Duncan Multiﬁle Range Test, at the alpha 0.05 level. The ANOVA

summary is presented in Table 25.

TABLE 25
ANOVA SUMMARY FOR EFFECT SIZE DATA GROUPED BY

|
CRITERION CLUSTER AND SOCIO-ECONOMIC STATUS

SOURCE df SS MS F-value
Model 12 10.72 0.89 2.51%
. Cluster 5 0.57 0.11 0.32
SES 2 5.31 2.66 7.48%
Cluster®SES 5 0.89 0.18 0.50
Error 312
Corrected Total 32y

*Value is significant at the a priori alpha level (0.05).

When teachers receive inservice training with particular

new science curriculum, how do students exposed to the

gcience program compare to students in traditional courses?

The inservice data in Table 26 are extremely interesting in light
of the debates and discussions during the past 25 years regarding the
cost-effectiveness of in-service teacher education. Unfortunately,

the data for this analysis are incomplete, as detailed information
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I regarding inservicing was available only in about 30% of the studies
l coded. These studies yielded 126 effect sizes. A summary of effect
| size data by criterion cluster for studies not reporfing the inservice
h backgrounds of participating teachers is also reported in Table 26 to

fac1lltate a more meaningful discussion of the known data.
An examination of the com?osite and criter.ion cluster effect

size data reveals a striking difference in overall student performance.
On every measure where data are available for the inservice versus
no inservice summaries the effect sizes are higher for the no inservice
studies. Even if one were to assume that the effects of inservice
education would only result in improveg achievement scores for
students taking courses from such teachers, the no inservice effect
size for achievement (A = 0.46) is considerably higher than the

achievement effect size (A = 0.22) for students taking courses from

teachers who did not receive such education.

When teachers receive special. instruction in the use of
materials for a pavticular science curriculum or method

prior to receiving teacher certification (preservice
instruction), how do students exposed to those science

programs compare to students in traditional courses?

When considering the inservice data of Table 26 it is difficult
to know exactly how many, or wH?t percentage, of the teachers may
have received inservice instruction in studies where that information
was not reported. Based upon the years of experience data coded

however, approximately 65% of the teachers participating in the

ERIC | <
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X | ., TABLE 26
P EFFECT S1ZE DATA FOR CRITERION CLUSTERS BY INSERVICE
EXPERIENCE ACROSS ALL’NEW SCIENCE CURRICULA |
| ;
MINI- MAXI-
CLUSTER N MEAN A MUM A MUM A S.D. t-value
Inservice R
Achievement 40 0.22 -0.52 1.65 o.41 3.50%
Perceptions 19 0.16 -0.82 0.82 0.u8 1.47
i Process Skills 27 .32 -0.62 2.50 0.55 3.02%
- Analytic Skills 15 0.07 -0.36 o.44 0.22 1.36
Related Skills 5 0.12 -0.22 0.57 0.30 0.91
Other Areas 6 0.57 -0.09 1.50 0.57 2.47%
Composite 112 0.23 -0.82 2.50 0.45 5.4y
No Inservice ,
Achievement 9 0.46 -0.13 0.92 0.39 3.53%
Perceptions 2 0.64 0.60 0.69 0.06 1y,33%
Process Skills 1l 0.32 - —— 0.00 -
Analytic Skills 2 0.62 *  0.u49 0.75  0.18 4.77
Composite 1y 0.50 -0.13 0.92 0.32 5.72%
Data Not Reported )
Achievement 81 0.43 -1.0u4 4.18  0.87 4,46
Perceptions 30 0.48 -0.81 1.75 0.47 5.64%
Process Skills 28 0.45 -0.33 2.45 0.58 4,1.3%
Analytic Skills 18 0.34 -0.27 144 0.54 2.68%
Related Skills 43 0.26 -0.50 4.48 0.72 2.43%
Other Areas 15 0.23 -0.70 0.86 0.u47 1.88
Composite 215 0.38 -1.04 4.48 0.71 : 8.0L%

*Value is significant at the a priort alpha level (0.05).

.ERIC 20
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studies "not reporting' preservice background graduatéd prior to 1960.
This rules out the possibility of any preservice training for such
teachers. With this in mind, roughly lg% of the studies reported
teachers receiving some form of preservice instruction.

The data in Table 27, like the inservice data, form a pattern
showing a less positive impact on student performance when teachers
involved in the studies received preservice instruction. Possible
reasons for the Ereservice and inservice performance data are

discussed in the summary statements of this report.

Study Characteristics .

When the level of internal validity is accounted for in

studies meta-analyzed, how do students exposed to new

gceience curricula compare to students in tradi;ionai

science courses?

Critics of meta-analysis express concern regarding the problem
of combining results from both '"good" and "poor'" studies. Certainly
this is a valid criticism: if the collective results of studies rated
"good" are signii"icantly different from those rated "poor." But, as
Glass (1980) points out, ". . . if 'good' and 'poor' studies do not
differ greatly in their findings, a‘large data base (all studies
regardless of quality? is much to be preferred over a small data base

(only the ''good" studies). The larger data base ¢an be more readily

subdivided to answer specific sub-questions that are inevitably

pro@oked by the answers to the general questions . . ." (b. 286).
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TABLE 27

EFFECT SIZE DATA FOR CRITERION CLUSTERS BY PRESERVICE

EXPERIENCE ACROSS ALL NEW SCIENCE CURRICULA .
‘ MINI- MAXI- N

CLUSTER N MEAN A HUM A MUM A s.D. t-value
Preservice ’

Achievement 18 0.20 -0.49 1.09 0.36 2.35%
Perceptions 4 0.39 0.21 0.66 0.20 3.79%

Process Skills 9 0.22 ~0.62 0.73 0.41 1.61

Composite 31 0.23 -0.62 1.09 0.36 3.60%

No Preservice

Achievement 9 0.30 -0.13 0.92  0.39 2.25%

Perceptions 12 0.09 -0.82 0.82 0.59 0.55
Process Skills 2 l.41 0.32 2.50 1.54 1.29 : R
Analytic Skills® ~ 5~ 0.27 0.01 0.75  0.32 1.90 ‘
Related Skills 1 0.57 -— -— 0.00 -
Other Areas 1 1.50 — -— '0.00 -
Composite 30 0.33 -0.82 2.50  0.55 2.82% -
Data Not Reported
Achievement 103 0.40 -1.04 4,18 0.80 5.15%
“Perceptions 35 0.46 -0.81 1.75  0.44 6.1u4%

> Process Skills 45 0.37 -0.44  2.45 0.50 4,98%

- Analytic Skills 30 0.24 -0.36  L.h4 - 0.46 2.85%
Related Skills 47 0.24 -0.50 4.48  0.69 2.43%
Other Areas 20 0.27 -0.7V 0.86  0.u45 2.68%

o Composite 280 0.35 -1.04 4.48 0.65 9.13%

*Value is significant at the a priori alpha level (0.05).

€y
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Studies included in this meta-analysis were rated on several
design features. One of these features was the overall internal
validity of the study which the coders rated as: (1) Low (intact and
highly dissimilar groups), (2) Meditm (random samples or matched
samples with some threats to internal validity), or (3) High (random
samples with low mortality). Summary effect size data for the three
rated levels of intérnal validity are presented in Table 28.

An examination of the composite effect size means in Table 28
reveals a range of 0.05 standard deviations b;tween studies at the
extremes of judged internal vgiidity. A one-way ANOVA of the effect
size data by rated internal validity, revealed no significant '
differences in the composite effect size ﬁeans of the three validity
rankings. A\further analysis of effect size means for each criterion
clustee by judged irnternal validity dlso revealed no significant
differences. It is safe to assume, therefore, that any conclusions
based on sub-groupings of study results repoﬁted herein are not
weakened by level of internal validity of the original research studies

analyzed.

When the type of criterion measure used ig considered in

the meta-avalysis, how do students exposed to new science

curricu’a compare to students in traditional courses?

A particular threat to a study's internal validity concerms the
instrume;tation used in measuring thg}dépendent variables, in this

case, student performanée. Unvalidated, experimenter-made tests pose

a threat to validity because of the high risk of experimenter bias in

12¢
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TABLE 28

LEVEL OF INTERNAL VALIDITY

EFFECT SIZE DATA FOR CRITERION CLUSTERS BY RATED

MINI- MAXI-

CLUSTER N MEAN A MUM A UM A S.D. t-value
Low Internal Validity

Achievement 52 0.33 -0.52 2.70 0.67 3.59%
Perceptions 17 .0.51 -0.32 1.12 0.35 6.01%
Process Skills 10 0.58 -0.10 2.50 0.71 2.59%
Analytic Skills 7 0.28 0.01 1.22 0.42 1.76
Related Skills 16 0.21 -0.22 0.75 0.25 3.39%
Other Areas 8 0.16 -0.55 0.81 0.53 ‘0.07
Composite 110 0.35 -0.5% 2.70 0.56 6.49%
Medium Internal Validity

Achievement 66 0.40 -1.04 4.18 0.84 3.91%
Perceptions 30 0.27 -0.82 1.75 0.56 2.66%
Process Skills 40 0.33 -0.62 2.45 0.55 3.83%
Analytic Skills 27 0.25 -0.36 l.44 0.u46 2.82%
Related Skills 32 0.27 -0.50 4.48 0.83 1.86
Other Areas - 10 0.37 ~0.70 0.86  0.42 2.79%
Composite - 205 0,33 -1.04 .48 0.68 6.87%
High Internal validity

Achievement 12 0.35 -0.02 0.86 0.28 4, 29%
Perceptions y 0.47 0.37 0.55 0.07 12.37%
Process Skills 5 0.35 0.26 0.63 0.15 5.03%
Analytic §E§lls 1 -0.07 - — 0.00 -
Other Areas 3 0.61 0.06 1.50 0.77 1.38
Composite 25 0.38 -0.07 1.50 0.33 5.86%

*Value is significant at the a prior: alpha level (0.05),
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the construction or selection of test items. While there is no test
whiéh is totally unbiased, a conservative approach to the resolution
of the test bias question in a research synthesis study is to segregate
those studies using standardized tests for closer scrutiny. The
results of the meta-analysis on student performance data by standard-
ized test versus other forms is presented in Table 29.

The data in Table 29 indicate that student performance results
do not ;ppear to be influenced by the type of test used. No signifi-
cant diffgrences were revealed in the comparison of composite per-

formance data nor on criterion cluster data between standardized and

other test forms.

When length of treatment ie isolated ae a factor, how do
students exposed to new science curricula compare to
students in traditional science courses?

Campbell and Stanley (1966) define internal validity as -- "the

basic minimum without which any experiment is uninterpretable" (p. 5).
One of the major threats to & study's internal validity deals with
tfeatment fidelity; in other words, are the treatment conditions which
characterize the comparison groups discernable and reasonable. Few ,
studies of new science curricula reported information from which
treatment fidelity could be judged. However, considering the nature
of the treatment condition of interest in this meta-analysis (i.e.,

student exposure to new science curricula versus traditional programs),

the length of exposure to the programs constitutes a reasonable

approximation to the question of treatment fidelity.
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TABLE 29

EFFECT SIZE DATA FOR CRITERION CLUSTERS BY TYPE

OF TEST USED

MINI-

MAXI-

- CRITERION N MEAN A MUM A MUM A S.D. t-value
Standardized . ‘
Achievement 73 0.35 -1.04 4.18 0.76 d.onk
Perceptions . 8 0.34 -0.82 1.75 0.4%9 3.97%
Process Skills 38’ 0.33 -0.62 2.45 0.53 3.87%
Analytic Skills 35 0.24 -0.36 1.44 0.44 3.29%
Related Skills 31 0.23 -0.41 4.48 0.81 1.58
Other Areas 7 0.59 -0.09 1.50 0.50 3.12%
Composite 218 0.32 -1.04 4.48 0.64 7.35%
Other Forms
Achilevement 57 0.39 -0.52 2.70 +  0.69 4,26%
Perceptions 17 0.43 -0.81 1.12 0.48 3.71%
Process Skills 18 0.50 -0.17 2.50 0.62 3,44
Related Skills 17 0.29 -0.50 1.04 0.38 3,17%
Other Areas 14 0.19 -0.70 0.86 0.48 1.52
Composite 123 0.37 -0.81 2.70 0.59 7.01%

#Value is significant at the a priori alpha level (0.05).

~

-

Table 30 contains summary effect size data for studies grouped by

the length of study.

for analysis: (1) less than 10 weeks, (2) between 10 and 20 weeks,

Four levels of treatment duration were chosen

(3) between 21 and 36 weeks, and (4) lonéer than 36 weeks.
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’ TABLE 30
EFFECT SIZE DATA FOR CRITERION CLUSTERS BY

LENGTH OF TREATMENT

\\

—— MINI-  MAXI-
CRITERION N MEANA A mma  SD t-value

Less than 10 Weeks /

Achievement 6 0.55 ° -0.49 2.47 1.01 1.34
Perceptions 2 0.43 0.35 0.51 0.11 5.38
Analytic Skills 1 0.01 —— — 0.00 _—
Related Skills 1 0.34 - e 0.00 ———
Other Areas 6 0.05 (-0.55 0.81 0.53 0.27
S Composite 16 0.30 -0.55 2.47 0.70 1.73
Between 10 and 20 Weeks
Achievement 1u 0.22 -0.03 0.92 0.29 2.86%
Perceptions 19 0.21 -0.82 1.12 0.58 1.59
Process Skills 11 . 0.37 0.08 0.70 0.17 6.98%
Analytic Skills 3 0.43 0.06 0.75  0.34 2.15
Related Skills 12 0.49 ~-0.10 L.48 1.27 1.34
Other Areas 2 0.89 0.29 1.50 0.85 l.48
Composite 61 0.33 -0.82 L.u8 0.68 3.82%
Between 21 -and 36 Weeks
Achievement ay 0.39 -1.04 4.18 0.79 L.80%
Perceptions 23 0.46 -0.81 1.75 0.47 4,75%
Process Skills 43 0.40 -0.62 2.50 0.63 4, 12%
Analytic Skills 30 0.23 -0.36 1.44 0.46 2.76%
Related Skills 21 0.24 =0.50 1.04 0.33 3.32%
Other Areas 6 0.19 -0.70 0.49 0.u45 1.07
Composite 217 0.36 -1.04 4,18 0.65 8.16%
continued

A Y -l\)u
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TABLE 30 (Continued)

MINI- MAXI- ’
CRITERION N MEAN A MUM A MUM A S.D. t-value

Longer than 36 Weeks

Achievement 1y 0.32 -0.57 1.65  0.57 2.11% 7
Perceptions 0.5¢C 0.21 0.76 0.19 6.29%
Process Skills 1 0.32 ——- -— 0.00 ———
Related Skills 12 0.00 -0.41 0.33 0.25 0.02
Other Areas 5 0.40 -0.09 0.7u4 0.35 2.55
Composite 38 0.26 -0.57 1.65 0.43 3.69%

*Value is significant at the a priori alpha level (0.05).

The data in Table 30 show 'that length of treatment appears to
have no effect upon the composite performance data. The values range
from A= 0.26 for studieé longer than 36 weeks to A= 0.36 for studies
between 21 and 36 weeks long. An ANOVA of both the composite per-
formance data and performance cluster data revealed no significant
differences in mean effect size values. It is interesting to note,
however, that composite performance effect size data show a pattern
of positive increases for studies spanning periods less than 10 weeks
up to 36 weeks and a decline for studies conducted across two school
years (greater than 36 weeks). This regression effect of composite
student performance after 36 weeks' exposure contrasted to the
stabilization, even strengthening of the perceptions data for treat-
ments beyond 36 weeks (A = 0.50) suggests that new science curricula

may have been most effective in changing student attitudes.

134 ~

s




129

___When studies are grouped by the form of publication, how

do students empoae& to new science curricula eompare to

students in traditional science courses?

Whether a research report is published, or where it is published,
does not constitute a threat to the validity of a study nor should it
be considered a source of bias. But, there is a prevailing notion
among some researchers and practitioners that only significant results
are publishable. In coding the results and characteristics of studies
included in this meta-analysis of new science curricula effects, the
primary source of the study was coded. 1In the event a stud§ was
publisﬁed in two Forms (e.g., a dissertation and a journal article),

the original source of the data was recorded (in this example, the

dissertation). Summary effect size data for student performance

variables grouﬁed by source, or form of publication, are presented
in Table 3l.

The data in Table 31 reveal no major differences in composite
performance effect size when grouped according to publication form.
In fact, the patterh of more proﬁounced effect size values for the
unpublished materials contradicts the "only significant results are
published" argument. It is interesting to note though, that the
lion's share of research on this topic has been completed by graduate

student researchers completing doctoral dissertations.

-

1(;’ K]
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TABLE 31

EFFECT SIZE DATA FOR CRITERION CLUSTERS BY

FORM OF PUBLICATION

MINI-

MAXI-

N . D. -
CRITERION MEAN A oM A MUM A S.D t-value
Journal Articles

Achievement 26 0.36 -1.04 2.70 0.81 2.27%
Perceptions 10 0.4y 0.05- 0.85 0.25 5.49%
Process Skills 10 0.39 0.08 0.70  0.23 5.23%
Analytic Skills 2 0.47 -0.27 1.22 1.05 0.64
Related Skills 1l -0.08 -0.4) 0.28 0.19 =1.45
Other Areas y 0.4 -0.08 0.86 0.4y 1.86
Composite 63 0.30 - -1.04 2.70 0.59 4,11%
Dissertations/Theses

Achievement 97 0.39 -0.52 4.18 0.73 5.2u%
Perceptions 34 0.36 + -0.82 1.75 0.53 3.95%
Process Skills 4o 0.y2 -0.52 2.50 0.54 4,15%

Analytic Skills
Related Skills
Other Areas

Composite - 243

Unpublished Material

Achievement
Perceptions

Process Skills

AnalytiQVSkills‘

Related Skills

Other Areas

0.14 -0.46
0.29 -0.81
0.14 -0.17
0.15 -—-

0.66 -0.01

0.53 0.25

0.76
0.30

-

4.48
0.81

0.61 -

A}

0.u43
0.54
0.20
0.00
1.25
0.39

Composite -35

0.37 -0.81

4,48

0.81

®Value is significant at the a priori alpha level (0.05).

=
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SUMMARY

Literally dozens of interesting questions come to mind when the
issue of curriculum effectiveness is raised. Numerous factors enter
into the interpretation of data regarding even the most straightforward
question. In the case of the new science curricula developed in the
post-Sputnik years of the sixties and seventies, numerous studies were
completed in which student performance in new science programs was
compared to student performance in traditional courses. The results
of any one study regarding the impact of a particular program are a

matter of record. The collective results of the multiple studies con-

ducted on several of the curricula are not so numerous. Moreover,

these reports t:§§§;o be qualitative summaries which lack credibility
and engender little or no confidence in the field.

.

The criticisms of qualitative research integration techniqugg are

well-known. ‘Jacksor (1978) summarizes these criticisms as follows:

(1) Reviewers often ignore previous reviews on the same or
similar topic.

(2) Reviewers often run the risk of sampliné errors by
selecting non-representative subsets of existing
literature. .

(3) Reviewsrs often use inappropriate representations of
study results (e.g., whether or not results were

statistically significant).

(4) Reviewers often fail to recognize and account for

study characteristics which might affect results
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(e.g., study sample, treatment fidelity, testing
procedures).

(5) Reviewers often report so little about their vaview

procedures it is difficult to judge the validity of
the conclusions.,

In an effort to tease out of the literature a concentrated mass
of summative data regarding the comparison of student performance in
new and traditional curricula and to avoid the pitfalls of researcﬂ
integration, a quantitative analysis of experimental and quasi- |
experimental results from the retrievable literature was performed.
The quantitative integration technique used is referred to as meta-
aralysis (Glass, 1976). Conclusions in this report'are based on data
from 105 studies deemed suitable for quantitative integration from
the pool of 302 studies identified. The 105 studies yielded informa-
tion on 27 different new science curricula and 18 different student
pexformance measures. Approximately 70 study characteristics were
coded in reviewing each research report. Using the distribution of
science curricula and student pe}formance criteria and the collection
of study characteristics, 15 major sub-questions were analyzed. A

summary of results is presented below:

I. The average student exposed to new science curricula
exceeded the performance of 65% of the students in

traditional science courses on the aggregate criterion

variable.




II.

1III.

Iv.

vI'

e WD

The effects of new science curricula on student per-
formance were most impressive for the following
performance criteria: creativity, laboratory tech-
niques, attitude toward specific subject and science,
and general’achievement. The only negative effect
size calculated for students exposed to new

science curricula was for student self-concept

(A= -0.08).

Student overall performance scores were found to be
significantly more positive for mixed student samples
than with either female or male groups among the new
curricula studied.

Student overall performance scores were found to be
significantly more positive for both high and low
socio-economic students samples than for the mid-
range socio-economic groups.

Student overall performance scores were found to be
significantly more positive for student samples
attending either urban or suburban schools than for
rural school students among the new curricula studied.
New science curricula appear to have been most

effective in enhancing student process skill

development at the elementary school level.




VII.

VIII.

IX.

XI'

XII.
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4
New science curricula appear to have been most effec-
tive in changiﬁg student attitudes at the junior high
school level. %
New science curricula appear to have been most effec-
tive in enhancing student analytic skills at the high
school level. ‘
New science curricula appear to have been most effec-
tive igienhancing student achievement at the post-
secondary, secondary and elementary grade levels.
New science curricula emphasizing i;quiry, process,
laboratory and individualization were observed to
adversely affect student perceptions about their
experiences in the programs.

New science curricula emphasizing process skill

development were observed to adversely affect

‘student analytic thinking skills.

New science curricula emphasizing laboratory activity

were observed to adversely affect overall student

performance.

A
v

Of the major science curricula studied, BSCS-Blue,
BSCS-Yellow, and PSSC exhibited the best overall

student performance record.

Of the new curricula studied, PSSC and BSCS-Blue were

found to be most effective in enhancing student

achievement.
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XV. Of the néw ;urricula studied, BSCS-Blue, BSCS-Green,
HSP, SCIL, and IS were found to be most effective in
eﬁhanciné Student perceptions. )

XVI. Of the new curricula studied, BSCS-Blue, SCIS, ESS, and
. S-APA wefe found to be most effective in enhancing
student process skills.

XVII. Of the new curricula studied, BSCS-Blue, PSSC and CHEM
Study were found to be most effective‘in enhancing
student analytic thinking skills.

XVIII. Of the new curricula studied, USMES was found to be most
effective in enhancing stﬁdent skills in related areas.
XIX. Student overall performance scores were observed to be
considerably lower when teachers reported having

received either inservice or preservice training in

the use of the program.

The 19 summary statements must be examined carefully not only

in light of the data presented here and the detail of the primary
research on which the analyses were based, but dlso in light of what
was not reported here or in the primary research. Perhaps the
greatest uncertainty lies in the original treatment conditions them-
selves: was the PSSC, CHEM Study, . . . , SCIS pfogram really beidng
implemented according to the philosophy of the curricul&m or were the
mﬁtegials just being used? In some studies, could the traditional

treataént actually have been more of a "new curriculum" because of

some innovative teacher methodologies than the new curriculum to which
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it was being compared? This broad question of treatment fidelity and

verification is a critical issue which defies resolution but certainly

can confound and distort conclusions.

For example, summary Statements X, XI, and XII déaling with cur-
riculum emphasis on inquiry, laboratory, process, ahd individualization
and their relationship to overall student performance are prime can-
didgtes for the distorted data file. Recall the ratings on these
parameters were made by a panql.of gcience eduqatofs. Would the
teachers using the:various curricula rate them similarly? Even if they
rated them similarly, would they imple@eét the curricula with these
same emphas;s? Surely we all hqve seen or heard of a teacher lecturing
about the inquiry method!

Similarly, the results of the inservice and preservice analyses
(summary statement XIX) rquire careful examination. What proportion
of the typical NSF inservice program was spent on learning about the
new curriculum and what proportion was spen£ in organic chemistry,

parisitology, or quantum mechanics? Should inservice and preservice

programs be abandoned or written off based on these data, or, should

there be a resolve to revamp the programs and change the emphasis?
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-

ON BECOMING META-ANALYTICALLY LITERATE
(THOUGH PENNILESS) ’

As reported designs proved distressing
Reflections in Glass were a blessing
When coding a t |

* MS, r or p

Or rampant covariance guessing.

Though, as savants of the random statistic,
We've furthered the "cause analitique,"
To earn bread and butter

'Tis better. (than meta-)

To be a jongleur or auto-mechanique,
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SETTING UP THE META-ANALYSIS

Introduction and Definition of Terms

The Stanford group was assigned the question: "What are the effects of
different instructional systems used in science teaching?" It was necessary
initially to clarify the meaning of "systems" in order to provide as complete
an analysis as possible while avoiding any overlap with the analysis per-
formed by other study centers. The following definition was provided by the
steering committee:

An instructional system is a general plan for conducting a

course over an extended period of time. It is general in that

it often encompasses many aspects of a course (e.g., presentation

of content, testing, size of study groups). Examples of instruc-

tional systems are: mastery learning, competency-based instruc-

tion, programmed instruction, modular instruction, mini-courses,

ability grouping, team teaching, departmentalized vs, self-

contained, diagnostic-prescriptive instruction, independent

study/projects, computer-managed or computer assisted instruc-

tion, audio-tutorial.

An earlier draft had stated that instructional systems are "usually
evaluated in an actual classroom as opposed to being evaluated in a labora-
tory," and "typically involve the comparison of a new learning approach with
traditional instruction."

On the basis of such definitions an initial list of systems was pro-
vided at the training session in October 1980, and included those listed
above. Subsequent refinements led to the &esignation of certain systems on
the originai 1ist as "methods" or "techniques" rather than “systems," and
these were then reallocated to other study centers,

The following systems were covered by the Stanford group and are

reported here:
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(1) Audio-Tutorial

(2) Computer-Linked, also reported separately in three categories:
(a) Computer Assisted Instruction (CAIY) \
(b) Computer Managed Instruction (CMI)

(c) Computer Simulated Experiments (CSE)

(3) Contracts for Learning

(4) - Departmentalized Elementary School

(5) Individualized Instruction

(6) Mastery Learning

(7) Media-Based Instruction, also reported separately as:

(a) Film Instruction
(b) Television Instruction

(8) Personalized System of Instruction (Keller PSI)

(9) Programmed Learning
(a) Branched Programmed Learning
(b) Linear Programmed Learning

(10) Self-Directed Study

. (11) Use of Original Source Papers in the Teaching of S¢ience

(12) Team Teaching

Each of the systems included in this report will be briefly discussed,

(1) Audio-Tutorial System. Good (1973:50) defined the Audio-Tutorial

System as "a self-pacing multimedia system of instruction that features <

tape recorded lessons with kits of learning materials and instruction sheets
for individual learning in study carrels." Descriptions given in studies
evaluated here which purported to investigate this system were consistent

with the above definition. Frequently, the method was referred to on the
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college level o< "Postlethwaite's Audio-Tutorial System."
Dr. S, N, Postlethwaite first used this system in a freshman botany
class in 1961 at Purdue University, and described it as: "Audio programming

of learning experiences . . . includes lectures, reading of text or other

appropriate material, making observations on demonstration set-ups, doing

experiments, watcﬁing movies and/or any other appropriate activities helpful

in understanding ﬁhe subject matter" (Post]ethwaite{ Novak, & Murray, 1964:6).
Audio-tutorial lessons may incorporate behéviora] objectiveg, learning

for mastery, self-pacing, and mu]ti-meaia activities. Audiotapes are used

"to pace students through integrated laboratory, lecture, discdssion, and

demonstration activities" (Nordland et al., 1972:673). (However, many

studies which were coded here failed to report the exact constitution of

their program, preferring simply to assume that such detailg were implicit

in the label “Audio-tutoria].instruction.") ] N

As“in other forms of individually-paced instruction, audio-tutorial

systems purport to use learning time more efficiently and effectively:

The crucial variable in [comparing A:T”and traditional
instruction] is not whether students under one instructional
approach acquire more knowledge than under the other instruc-
tional approach but rather the analysis of learning time
required to reach 'z given level of attainment and the quality
of subsuming concepts acquired in the process [Novak 1970:782].

However, in the studies coded here, this question was largely ignored and
consequently no summary on use of time is included in this report.

(2) Computer-Linked Systems. This category was created during the

data analysis by consolidating effect sizes obtaineg under the next three
headings.

(a) Computer Assisted Instruction (CAI) pertains to the use of

the computer 2s a teaching machine. Good (1973:589) defined teaching

° 155
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machines as devices which ", ., . control the material to which the
student has access at any moment, preventing him from looking ahead or

reviewing old items; . . . contain a response mechanism, that is, . . .

-a keyboard or selection buttons; some provision is made for knowledge

of results . . . 3 . . . score responses and tabulate errors.": These
tutoring programs sometimes (but not aiways) provide for student choice
in &ontent, sequencing, or type of instruction. The claimed superiority
of CAI to conventional teaching derives from its supposed potential for
providing immediate feedback to the student on each response and offer-
ing appropriate remediation in a manner that is often
not feasible in the traditional classroom.

That not very many studies were found using computers with pre-
college c]assés is not surprising--a recent National Science Foundation
study (Weiss 1978:19) reported that only 9% of science classes in
grades 10-12 ever use computers or computer terminals, although 36%
of high schools have them, indicating that computers are used more for
mathematics classes or for administrative purposes than for science
instruction.

(b) Computer Managed Instruction (CMI), on the other hand, does

not provide actual instruction for the student. Instead, the computer
may be used td generate tests for students based on specific objectives,
making random selections from a pool of items; to keep an up-to-date
record of each student's progress in meeting learning objectives; to
prescribe additional learning or remediation tasks; to plan inter-
actively an individual student's route through pre-stored curricula,

and so foriu.

¢ 1(" '
e )iy
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(c¢) Computer Simulated Experiments (CSE) have much potential in

science instruction but are found in only a few studies at the pre-

- college level (Hartley, 1976:69-70). These simulations allow the stu-
dent to operate with a simpler system than would actually be present
in the laboratory, with unimportant or extraneous factors eliminated
in the computer program. In addition, simulations allow for a wiaer
range of student explorations in areas that would, in reality, be too
dangerous, too time-consuming, or too costly.

(3) Contracts for Learning are established between an individual stu-

dent and the teacher, and include the conteqﬁ, activities, deadlines, and
methods of evaluation. Contracts would geneéai]y be a component of Self-
Directed Study or other forms of independent study. A 1977 study for the
National Science Foundation found that 78% of science classes never use
contracts (Melton 1980:126)--which may indicate only that the remaining 22%
of science classes use contracts occasionally or seldom, or for specific
aspects of a course.

(4) Department$1ized Elementary School refers to the teaching of

elementary school science by a Specialist rather than by the typically
generalist teacher. The specialist would ordinarily have a greater degree
of academic training in the particular aspect of the science taught.

(5) Individualized Instruction subsumes several of the other areas

described in this section, and is a catch-all term for many different

approaches. In many cases, the experimental intervention used by the
studies included under this system was labelled "individualized" when all
students studied the same learning materials in the same sequence and their

learning was evaluated in the same way; the only difference was in their
\

pacing, with students allowed to proceed "at their own rate," using
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individual packets of Tearning material. In contrast, Ramsey and Howe (1969:
73) offered a much broader description:

Individualized instruction atéenpts to provide a complete instruc-

tional program desigred explicitly for each individual, taking

into account his background experience, interests, and ability.

Individualized instruction may also have been coded as Audio~Tutorial,
Computer Assisted Instruction, Contracts, PSI, Programmed Instruction, or
Self-Directed Study as appropriate.

Marchese (1977:699), in a literature search of individualized instruc-
tion in science, found that although much research had been conducted in
other fields, very little had been reported in science. He also questioned
the adequacy of instructional materials prepared for studies on individual-

ized instruction (1977:701), and Herring et al. (1974:11) suggested an

interaction of learning materials with methods of instruction may exist.

{6) Mastery Learning, as presented by Bloom in 1968, defined mastery
in terms of behavioral objéctives, with class instruction supplemented with
feedback/correction mechanisms (Block 1971:7-8). Tests oﬁ unit objectives
are followed by supplementary instruction on objectives not attained, and
the student is retesteq until a pre-selected mastery level is achieved.
Because specific levels of atgginment are specified, the important variable
in mastery learning is the time required to reach those levels; however,
in the studies coded here this variable was largely ignored and thus appro;
priate conclusions cannot be reported.

(7) Media-Based Instruction: Television and Film, Studies coded as

either television instruction or film instruction are those in which these
forms of media provide the primary instruction rather than supplements to
classroom teaching. Several television instruction studies were evaluations

of a series of televised 1essons which were prepared or presented at the

le}
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State Department of Education level, Many of the studies coded on film
instruction used the "Harvey White Films" for Physics.

Slides and audio tapes weré included on the coding sheet, and resulting
effect sizes are incorporated into "Media-Based Instruction," but these two
categories are not reported separately since very few effect sizes were
obtained for them.

(8) Personalized System of Instruction (PSI). Frequently referred to

on the coliege level as the "Keller Plan," PSI generally consists of the
following featﬁres (Carmichael, 1976:791-2): self-paced; learning materials
divided into small modules, each of which must be mastered before going on
to the next;. students used as graders and ‘tutors; lack of reliance on live
Tectures, with printed materials being the primary form of communication.
PSI has been widely criticized for the absence of .the "motivating factor"
that can comé¢ from live lectures and contact with the instructor (Palladino,
1979:323; Emerson, 1975:228; Kuska, 1976:505). As with other systems, the
results of studies of this method of instruction may often be confounded
with the value of the instructional materials specifically prepared for the
investigation. A detailed study guide for each student is a crucial factor
(Smith, 1976:510; Novak, 1974:15), which may not have been provided in
every case,

PSI is most likely to be found at the college level, and few studies
have been found at Tower levels,

(9) Programmed Learning. Schramm, frequently cited for his leader-

ship in programmed instruction, summarized what he called the essential
characteristics of programmed instruction of the Skinnerian type (1962:99):
a) an ordered sequence of stimulus items,

b) to each of which a student responds in some specified way,
c) his responses being reinforced by immediate knowledge of results,

~3
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d) so that he moves in small steps,
therefore making few errors and practicing mostly correct responses,
from which he moves, by a process of successively closer approxi-
mations, toward what he is supposed to learn from the program.

—h
—

In studies comparing programmed and conventional instruction, Silberman
(1962:]9) noted (as was also observed here) that "conditions of conventional
instrﬁction are seldom described in such reports.” In fact, this lack was
evident in many studies in other categories as well, implying that the
salient features of conventional or traditional teaching are well known.

A 1977 National Science Foundation study reported that 71% of all
science classes never use programmed }nstruction (Melton, 1980:126). 1In all
probability, the remaining 29% use this form of instruction for short units.
In studies which explored teachers' and students' affective responses to
programmed instruction (such as the Fund for the Advancement of Education's

[1964] Four Case Studies in Programed Instruction), a frequent comment was

that students became bored with the materials. Teachers who intended to

“

continue use of these materials beyond the experimental period were those
who te;ded to use them along with other classroom activities, for remedia-
tion or enrichment, or as aids to classroom instruction rather than as a
replacement. Short programmed units were found most useful when incorpor-
ated into a planned sequence of classroom activities.

Although a study may be coded as a comparison between a certain system
of instruction and conventional teaching, a major part of what is being
tested may be the value of thé treatment protocol. A doctoral candidate
using a. self-developed package would be testing not only the efficacy of

the instructional approach but also of the materials themselves.

Studies on programmed learning were coded as "linear" or "branched,"

but only five effect sizes were obtained for the latter, The small number
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of studies using branching is probably a result of the greater difficulty in
developing such programs, since branching provides for the sfudent to be
"routed through one or more remedial sequences of frames if he misses a
question or skipped ahead if he evidences mastery of content in a sequence"
(Good 1973:70).

(10) Self-Directed Study. This strategy usually includes the features

described as "Contracts for Learning," with students being principally res-
ponsible for "directing" their own study. However, in the studies we
reviewed, students were somewhat restricted in their "self-direction": they
might have a choice in the order in which they studied various units, and
sometimes in the methods in which they studied the units and were evaluated,
but were unlikely to have carte blanche "across the board."

(11) Source Papers. This system of teaching is based principally on

the use of selected original scientific papers, documents, books, etc.,
rather than on the use of a school textbook. A course based dh the use of
source papers involves students in the finding, reading and interpretation
of these original documents with or without guidance f;om the teacher.

(12) Team Teaching is "a type of instructional organization involving

J teaching personnel and the students assigned to them, in which two or more
teachers are given joint responsibility for all or a significant part of the
instruction of the same group of students" (Good 1973:590)., As utilized in
most cases, teachers shared the responsibility of large group lectures while
being individually responsible for their assigned small or medium-sized
groups. Teachers may alternate in presenting the large group lectures, or
one teacher may be judged by the team as a superior lecturer and thus will

make all presentations while the others play supporting roles and continue

to handle individually their small groups. Team planning, in which those
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persons teaching the same subject in a school participate, by itself does
not constitute team teaching; the "joint responsibility" mentioned above is
the crucial factor. In many cases, the studies reported here as investiga-
tions of the team teaching system failed to delineate what proportion of
the total classroom time was spent in large group lecture, small group
discussion, tutorial and so forth. However, for a particular study to have
been coded as "team teaching," it was régarded as sufficient for the inves-

3

tigator to ‘have labelled it thus.

Evolving the Coding Form

Jackson (1978) recommended that, in conducting integrative reviews,
previous reviews on the same or similar topics be consulted prior to samp-
1ing and coding. In the case of the current meta-analysis, this step was
performed by the steering committee. Then, on the basis of this consulta-
tion, a draft coding sheet was produced in Colorado. During the training
session and ensuing qgeks, emphasis was placed on speed in coding stuaies
rather than on the evaluation of the instrument itself, although some modi-
fications were made to the coding sheets during the early stages of the
coding.

}t may have been more appropriate, however, to invoive the research
assistants in the initial review, as it would have enabled them to construct
a more coherent‘coding sheet. For example, it would have then been possible
to identify the most prominent features of different forms of individualized
instruction, say, and it could have been decided that every study of a sys-

tem "A" would consistently have a particular group of variables coded "yes"s

2
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or, conversely, that coding a certain feature "yes" implies certain.other
characteristics that are not inciuded on the coding sheet. Since this was
not the case, the coding sheets evolved in a more restricted manner, Once
coding had begun, major changes on the coding sheet were difficult to make
due to the lack of availability of previously coded studies which were
returned to Colorado for circulation to other centers.

Previous reviews would not, however, have illustrated the lack of util-
ity of many items on the coding sheet-~that few studies, for exémp1e, describe
in concise terms the school community and socio-economic status of the
groups, the size of the school, or student characteristics apart from IQ o;
other standardized ability measures; characteristics of the participating
teachers, such as age, years of teaching, educationa®l background, or even
sex; and some characteristics of the experimental procedure, such as length
of each lesson, class size, or/initia1 size of the experimental groups. A
great deal of unproductive time was spent in scanning reports, looking for
information on these often-omitted variables; the desire to fill in as many
blanks as possible on the coding sheet was somewhat compulsive, and omission
of those items would have decreased the coding time per study considerably.
Since it wés not possible prior to coding many studies to identify these
often-omitted variables, some decisions were made midway through the coding
that there would be no intensive search for information that was 1ikely to
be missing. ,

The final coding sheet (the fourth version) consisted of the following
eleven sections, each with a number of coding variables:

(1) 1Identification of the Study

(2) Student Identification (Treatment group; control group)

(3) Context Characteristics (Treatment group; control group)

164
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(4) Teacher Characteristics (Treatment group; control group)

(5) Design Characteristics (Treatment group; control group)

¢6) Treatment Characteristics (Treatment group; control group)

(7) Features (Treatment group; control group)

(8) Group Structure (Treatment group; control group)

(9) Materials (Treatment group; control group)

(10) Outcome Characteristics

(11) Effect Size Calculation.

When it was not possfb]e to code a particular variable, the column(s)
was(were) left blank; in the computer analysis, blanks were given the value
of -9 to distinguish them from variables (if any) which were coded 0.

The var%ab]es coded are presented on the following pages. A column has
been added to the right side of each page, noting £he number of coding sheets
(out of 341) which did not include information on the given variable, Some
of the variables were of only incidental interest, but some were hoped even-
tually to yield interesting sub-analyses (e.g., the morta1{ty of subjects:
initial size minus final size of treatment and control group;).

Some variables which were not included on the coding sheet may have
possibly yielded other relationships of interest--for example, whether the
investigator (mostiy in the case of dissertations) was the teacher for both
the treatment and control groups, as was the case in several studies, or
whether the teachers were unaffiliated with the designing of the study;
whether the treatment and control groups were from the same school, differ-
ent schools in the same district, or different districts; whether the same
teachers taught both treatment and control groups; whether the study was
conducted over different years on the same population, with the base year
being the control condition and the later year being the experimental (as in

the case of several studies).

164




Variables Included on the Coding Form

Data missing#*

|
i Variable (out of 341)
Caxd | Cols. ! Name No. %
1 3-6 STUDY Study identification code 0 O
7-8 coMp Comparison code 0 o
9~-10 ! OUTCOME Outcome code 0 O
11-14 | YEAR Year in which study was reported 0 0
15 FORM Form in which study was reported 0 0
1. Journal article
2, Book
3. Masters thesis
4, Doctoral thesis
5. Unpublished article
6. Conference paper
2 1-2 SAGEl Mean age of students in treatment group 4 1%
3-4 | GRADEL Modal grade of treatment group 3 1%
E 5~7 101 Average IQ of treatment group 122 37%
8 SIQl Source of treatment group IQ 127 37%
1. Stated

2, Inferred

9 Hfbl Homogeneity of treatment group IQ 135 40%
1. Homogeneous
2, . Heterogeneous

I
’ 10-12 E SSEX1 Percent female in treatment group 260 76%
13-15 | SRAC1 Tercent minority in treatment group 322 947
16 SPMIN1 Predominant minority in treatment group 321 94%
1. Mexican 4, Native American
2, Other Hispanic 5. Black
3. Asian 6. Other
17-19 | SPPMINl Percent predominant minority in 331 97%
treatment group
20 SES1 Mean socloeconomic status of treatmeut -
group 252 4%
I 1. Low
i 2. Medium
_ 3. High
} 21 HSES1 Homogeneity of treatment group SES 255 75%

1. Homogeneous
2, Heterogeneous

*"Missing" indicates that information on the specific variable could not be
found in a report, or (as on Cards 6 through 9) that the coder had no basis
for inferring that some feature either was or was not included.

13

~

16,
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Data missing

Variable (out of 341)
I Card | Cols. Name No. _7%_
2 22 HAND1 Treatment group handicap, if any (Deleted)

1. Vision impaired
‘ 2., Hearing impaired

3. Learning disabled

4, Emotionally disturbed
. 5. Multiple handicaps
. . 6. Other

23 GROUP1 Treatment group tracking 316 93 °
1. Not grouped

2, Low track

3. Medium track

"4, High track

24-261 NSBEG1 Initial size of treatment group 18 55%
27-29| NSEND1 Final size of treatment group 13 4%
30 SIZ1 School size of treatment group 263 77%
1. Less than 50
2. 50 to 199

3. 200 to 499

’ 4, 500 to 999

5. 1000 to 2000
6. More than 2000

31 CoMM1 Community type of treatment group 112 33%
1. Urban

2. Rural

3. Suburban

3 ON CARD 3, COLUMNS 1-~31 CONTAIN THE SAME INFORMATION ON THE
CONTROL GROUP THAT CARD 2 DOES ON THE TREATMENT GROUP, ON
CARD 3, THE VARIABLE NAMES END WITH 2 INSTEAD OF 1

(e.g., COMM2),

4 1-2 NTEACHL Number of teachers in treatment group 39 11%
3-4 TAGEL1 Mean teacher age in treatment group 292 86%
5-6 NEXP1 Treatment group teachers, average
number of years of teaching 272 80%
*7-8 NSCI1 Average number of years of science )
teaching 302 89%
9-10! NCURR1L  Average rniumber of years teaching )
this curriculum . 328 967
) 11-13} TSEX1 Percent female teachers in treatment
group 273 80%
14-16} TRAC1 Percent minority teachers in treatment
group ) 326 96%
17 TPMINI Predominant minority of treatment group 334 98%
teachers *
1. Mexican 4, Native American
2. Other Hispanig 5. Black
3. Asian 6. Other

16
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: Data missing
Variable (out of 341)
Cols.] Name . No. _7Z_

18-20} TPPMIN1 Percent predominant minority teachers 334 982
in treatment group

21 TBACK1 Educational background of treatment
group teachers 291 85%
1. Less than B.A.
- 2. B.A. only
3. B.A., + 15units g
4, M.A, only -
5. M.A, + 15units
6. M.A, + 30 units
7. Doctorate
22 . TPSERV1  Treatment group teacher inservice
training prior to experiment 284 837

1. Low; one-shot

2, Medium: series of lectures
or workshops

3. Specialization

23 TNSF1 Training through N,S.F.? 303. 89%
1. Yes
2, No
24 TUNLVY - Training obtained at university? 288 847
S ’ 1. Yes :
2, No
25 TLOCALYL Training obtained locally? 298 87%
1. Yes
7 2: No . .
26 ACCEPT1 Treatmﬁgt group teachers' acceptance 264 77%
N ' of philosophy
1. Low
2. Medium
3. High
27 SASS1 Assignment of students tb treatment group. 0 0%

1. Stratified random °
2. Random

3. Matched

4, 1Intact random

. ) 5. Intact nonrandom

) 6. Self-selected

28 TASS1 Assignment of teachers to treatment group 6 2%
1. Random
2. Nonrandom .
3. Self-selected »
4, Crvossed : e .
5. Matched ‘
29 VALID1 Treatment group rated internal validity 77 237%

1. Low (intact, highly dissimilar)
2, Medium (random or intact, some threat)
3. High (random, low mortality)

a 1F, '




163

Data mis..ng
(out of 341)

No.

Treatment group unit of analysis 4

1. Individual

2, Classroom subgroup

3, Classroom

4: School

5, Other
Type of study 4

l. Correlational
2, Quasi-experimental
3. Experimental

%

1%

17

ON CARD 5, COLUMNS 1-31 CONTAIN THE SAME INFORMATION ON THE
CONTROL GROUP THAT CARD 4 DOES ON THE TREATMENT GROUP.
CARD 5, THE VARIABLE NAMES END WITH 2 INSTEAD OF 1.

Variable
Card Cols. Name
4 30 UNIT1
31 TYPEL
5
1
1
1
6 1 SUBMAL
1
i
2-3 DURATN1
4-5 WEEKS1
6-8 TIMEL
9-10 FREQ1
11 { <FIDCURL
i
1
12 FIDTREL
13 SUPINT1
14 BEHOBJ1
15 SELPAC1
16 IMFEED1

Subject matter in treatment group 0
*l. General science 5. Earth science-
2. Life science 6. Chemistry
3. Physical science 7. Physics
4., Biology 8. Other
Duration of treatment group program 13
in weeks

Time elapsed prior to testing, in weeks 18

Minutes per week of treatment 44
Frequency of testing, times per month 323
Treatment group fidelity to curriculum 288
1. Low
2, Medium
3. High
Fidelity to treatment 274
1. Low
2, Medium
3. High
Nature of implementation 16

1. Supplemental
2, 1Integral

Behavioral objectives in treatment group 69
l. Used )
2. Not used

Self paced in treatment group 2
l. Used
2, Not used

Immediate feedback in treatmeut group £l
1. Used

2. Not used

ON

0%

5%
20%
1%

15%
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Data ‘missing

Variable ' ‘ (out of 341)
' " Card | Cols.i Name No. %
| 6 17 I DIATEST1 Diagnostic testing and prescription 54 16%
in treatment group -
1. Used
A 2. Not used
18 CAIl Computer assisted instruction in 2 1%
treatment group
1., Used
2. Not used
19 CMI1 Computer managed instruction in 2 1%
treatment group
1. Used
2. Not used
20 1 C(CSEl Computer simulated experiments in 2 1%
treatment group -
1. Used
2. Not used
21 TEAM1 . Team teaching in treatment group 2 1z
1. Used
2. Not used
22 TTUTOR1  Teacher as tutor in treatment group 18 5%
1. Used .
2. Not used
23 PTUTORL  Pupil as tutor in treatment group 8 2%
1. U.ad
2. Not used
24 INDINS1  Individualized instruction in treatment 2 1%
) group
1. Used
2. Not used
25 UNITAPP1 Unit approach to instruction in treatment 39 11%
. group
1. Used
2. Not used
26 . DEPTL Departmentalized elementary school in 4 . 1%
treatment group
1. Used K
2. Not used
27 USESO1 Source papers in treatment group 2 1Z
1. Used
2. Not used’
28 TRAD1 Traditional science classroom in 2 1%
treatment group
1. Used

2. Not used

7 1 ON CARD 7, COLUMNS 1-28 CONTAIN THE SAME INFORMATION ON THE
CONTROL GROUP THAT CARD 6 DOES ON THE TREATMENT GROUP,
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Data missing

Variable (out of 341)
Card 1 Cols. Name No. yA
8 1-2 CLASIZ1 A Average class size in treatment group 39 117
’ 3 FLEXMOD1 Flexible modular scheduling in 2 1%
treatment group
1, Used °
2. Not used
4 LARGEL Large group organization 10 3%
l, Used
2. Not used
5 MEDGRP1  Normal class grouping in treatment group 9 3%
1. Used
2., Not used
6 SMLGRP1  Small group organization 50 15%
1. Used '
2. Not used
7 SINGLE1  Group of 1 student 59 177
1. Used
2. Not used
8 LABACT1  Laboratory activities in treatment group 65 19%
1, Used ¢
2., Not used
9 DEMO1 Teacher demonstrations in trtmt grp 147 437
l. Used
2. Not used )
10 STRLAB1 Student lab activities structured 125 37%
; in treatment group
1, Used
2, Not used
11 _UNSTR1 Student lab activities unstructured 150 44%
in treatment group - .
1. Used
2. Not used
; 12 MATER1 Nature of treatment group learning 64 197
: materials )
- 1. Published

2, Modified published
3. Original

13° KITS1 Learning kits in treatment group 109 327
; 1. Used
2, Not used )
14 LINPROl Linear programmed materials 9 3
1, Used
2., Not used v
' 15 BRANCH1  Branched programmed'ﬁat;rials 9 37
1., Used

! ! 2. Not used

- I1ks
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Data missing
Variable (out of 341)
Name No. %

B e

16

17

18

19

20

21

22-24
25

26

27

28

29

GRREAD1  Programmed materials graded by 14 4%
reading level in treatment group
1. Used
2, Not used

SELFDIR1 Self-directed study 6 2%
1. Used
2, Not used

STASS1 Student-assisted instructional program 1 0%
1. Used
2, Not used

MEDBAS1 Media-~based instruction . 1 07
1, Television
2, Not used
3. Film
4, Teaching machines
5. Slides
6. Tapes

BBOARD1 Victor electrowriter 2 1%
1. Used -
2, Not used )

MASTREQL Mastery learning 151 447
1. Required
2, Not required

MASTLEV1 Level of mastery required 335 98%

TDIRREML Teacher-directed remediation 150 44%
1, Used
2, t used

SDIRREML Student-directed remediation 150 447
1. Used
2; Not used

PSI1 Keller Personalized System of Instr, 152 457,
1, Used
2, Not used d

AUDTUT1  Audio-Tutorial 159 47%
1. Used
2, Not used

CONTRAC1 Contracts for learning 190 56%
1., Used
2, Not used

ON CARD 9, COLUMNS 1-29Y PROVIDE THE SAME INFORMATION ON THE
CONTROL GROUP THAT CARD 8 DOES ON THE TREATMENT GROUP,

1. ) g
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' . Variable
Card 1Cols. Name
10 1-2 TYPCRIT Type of outcome criterion
N . 1, Cognitive low (recall, comprehension)
2, Cognitive high (application)
3. Cognitive mixed/general achievement
4, Problem solving
5. Affective toward subject
- 6, Affective toward science
L~ 7. Affective toward procedure/method

8. Values

9, Process skills
10, Methods of science
11, Psychomotor (lab skills)
12, Critical thinking
13, Creativity
14, Decision making
15. Logical thinking
N 16, Spactial reasoning
17. Self--concept
18, Science perceptions

3 CONG1 Congruence of measure with treatment prcgram
. 1. Low
- 2, Medium '
3, High ’
4 CONG2 Congruence of measure with control program
1. Low
2, Medium
3, High
5 METHMS Method of measurement (type of instrument)
1, Published, nationally available,
standardized

2, Modification of national standardized
3. Ad hoc written tests

4, Classroom evaluation, excluding #1-3
5. Observation (passive, unstructured)
6, Structured interview, assessment

7. Other

6 REACT Reactivity of measure
1. Low; cognitive measures, 1 administration
or long lag, not alterable ' .
2, Medium
.3, High; affective, transparent, alterable

7-8 SOURCE Calculation of effect size

1. Directly from reported or raw data

Reported with direct estimates (ANOVA, etc. )
From frequencies reported on ordinal scales
Backwards from other variances of means
Nonparametrics (other than #3)

Estimated from independent sources

Estimated from variance (correlation guessing)
Estimated from p-value ’

From raw data with teacher (year) effects removed
Other

N
.

00~y W
-

= O .o
* o

==

From percentiles
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i : Variable
Card i Cols.: Name
] ]
10 3 9 3 SOMEANS
i H :
] ]
1] ]
] ]
] ]
] ]
b ]
' :
I 10 1 SIGNIF
: '
] ]
] ]
] ]
] ]
] ]
] ]
] ]
] ]
] ]
H '
i 11 ! DVUNITS
: :
] ]
i :
1 12-15! GEU
]
I 16 1 INDIV
H H
] ]
H i
1 17-20 ! RATIO
L
! 21-24 ! ESE
; :
1 25-28 | ESC
o
1 29-32 1 AVES
] ]
! 33-36 ! STES
H H
1 4
] ]
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Source of means
1. Unadjusted posttest
2., Covariance adjusted
3. Residual gains
4, Pre-post differences
5. Other

Reported significance
1. p <.005
2. .005 <px<.01
3. .01 < p<x<,05;
4, .,05<px<.10
5. p > .10
6. 'not significant"-

Dependent variable units
1. Grade~equivalent
2. Other

3
Mean difference in grade equivalent units

Group variances reported individually
1. Yes
2. No

Ratio of treatment to control group standard
deviation

Effect size based on treatment group standard
deviation

Effect size buzsed on control group standard
deviation

Average of ESE and ESC
Study Effect Size

174
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Variables Generated Prior to the Analysis

Prior to the initiation of the analysis itself, several new variables

were created from existing variables. These newly created variables are

listed below,

IMMEDEST

IMMEDES?

ALLTIMET

ALLTIME2

VALDESNI

VALDESN2

A variable to indicate whether the experimental group was

evaluated within four weeks of the conclusion of the inter-

vention or after that time.

1. Immediate evaluation.

2. 'Delayed evaluation.

Contains similar information as IMMEDES] but pertaining to

the control group.

A variable containing the total length of time in minutes of

the experimental group program (i.e., the duration of the

experimental group intervention).

Contains similar information as ALLTIME1 but pertaining to

the control group.

A variable to indicate the manner in which subjects were

allocated to the experimental group.

1. Allocation by stratified random or random sampling

2. Allocation by matching subjects or by randomly allocating
intact groups.

3. Nonrandom allocation.

Contains similar information as VALDESN1 but pertaining to

the control group.
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Variables Recoded Prior to the Analysis

In several cases existing values of certain variables were modified and
regrouped prior to the analysis. The new value labels are listed below.
METHMS Method of measurement (type of instrument)
1. Published, nationally available, standérdizedb
2. Modified national standardized and ad hoc written tests
(previous values 2 and 3 taken together).
4. A1l other types of evaluation (previous values 4, 5, 6
and 7 taken together).
TYPCRIT  Type of outcome criterion
1. A1l cognitive and problem-solving (previous values 1, 2,
. 3 and 4 taken together).
5. A1l affective (previgus values 5, 6, 7 and 8 taken
together,
10. Science methods (previous values 10 and 18 taken together).
(A11 other value labels remain the same.)
SOURCE Calculation of effect size
1. Directly from reported or raw data (same as previous
value 1).
2. By direct calculation from reported statistics (previous
values 2 and 9 taken together),
3. Less trustworthy methods of effect size estimation
(previous values 3, 4, 5, 6, 7, 8, 10 and 11 taken

together),
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i CODING THE DATA

Sampling and Coding .

Coding of studies began with mic{ofilmed dissertations sent
from Colorado whose titles implied th;i they would fall into the
appropriate domain of inquiry.

Studies available through ERIC were identified directly by 8
Colorado. Since dissertations are usually available in either

microfilm or microfiche, this prior identification allowed the tedious

task of going through thirty yeérs of Dissertation Abstracts to be

skipped by the coding center. Copies of abstracts of ERIC-available
science studies fa;ilitated the identification of studies in the
system area, Five shipments of microfilmsvwere coded; studies
available on microfiche were obtained locally.

Scanning the bibliographies of each study gave a file of
possible leads, including journal articles, books, dissertations,
and conference papers. Following up these references frequently

disclosed that they did not pertain to science instruction; or they

were descriptive rather than experimental; or they involved college

y

students as subjects, and so forth.

Educational journals were scanned, volume by volume, from 1950
(or later initial date in some instances) to the bresent time., Likely
sounding titles in the tables of contents were followed up. These

articles frequently were not relevant to the investigation; many

described the same studies that had already been coded in dissertation form.
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The following journals were examined during the abcve process:

.
American Biology Teacher

American Educational Review Journal

Audiovisual Communication Review

Bulletin, National Association of Secondary School Principals

California Journal of Educational Research

Journal
Journal
Journal
Journal
Journal
Journal
Journal

Harvard

of Chemical Education

of Computer Based Eddﬁation

of Educational Psychology

of Educational Research

of Experimental Education.

of Programmed Instruction

of Research on Science Teaching

Educational Review

School Science and Mathematics

Science Education

Science

Teacher

Dissertations were the source of 58.5% of the included studies; journal

articles, 31.5%; and unpublished studies, 10%. In many cases, it should be

noted that a given study may have been reported several times (as a disser-

tation, one or more journal articles and a conference paper). When this

occurred the most complete reported version of the study was used as the

basis of the coding performed here.
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Sampling Restrictions '

“” Various restrictions and conventions were adopted to 1imit the range of
the sample of studies coded in the meta-analysis.

1. Age of Subjects. The meta-analysis was 1imited to studies using

stuﬁfnts in grades K.%hrough 12. As in many other areaé of educational
research, studies in,sc}enee education are often conducted on college stu-

dents, who are most accessible td\;esea?chers. The college settiné,also .
provides some features that are not commonly found in elementary or second- A
ary schools, such as_computers, teaching assistants, and open laboratories.
The data here then include very little on computer-managed or computer-
assisted instruction, computer simulated experiments, audio-tutorial systems,
or the Ke]]er Personalized System of Instruction (designed for use at the |

el 1

college level),
2. Geography. The investigations carried-out here were limited to

studies reported in the United States. Doctoral dissertations were a major '

source of information, and American dissertations were the only ones readily

qvai]ab]s; Studies published in other countries, if included, would have

been 1imited to those written in English and accessibie in journal or book

form, thus producing an incomplete international picture.

3l Control Group Instruction. Only studies which used a control group

taught in the "traditional" or "conventional" classroom manner were included. s
This restriction eliminated studies (particularly where the dependent vari-

able was student attitude toward science) which included some form of science
instruction for the treatment group and no science instruction at all for

the control group.

4. Year of Publication of Study. The year 1950 was designated as the

earliest date of publication for included studies. It ‘was expectéd that
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the bulk of sciegce §tudies would have been conducted from the 1§teilg§05
through the mid-1970s, the period of denerous governmental funding of fhe
sciences. fxaminjng the dates of the coded studjes confirms the validity
of this expectation,

Of the more than 300 studies purporting to investigate “"system$" which

were considered and rejected, the "following reasons for rejection were

documented: -
42% - subject%bwere‘co}1ege-éged h
33% - incomplete data, such as means but ho other ihformatibn, only
’ interview data dr.;B‘datag or levels of significance with no
indic§§ion-of dﬁrect}on .
17% - no control group TE
6% - control groups which were not taught "traditiona]fy"--é.g.,
comparing two ‘levels of individualized instruction
2% - subjects yere teachers ratHer than studénts.; . . )
JI ¢
Vo,
S i )
v, ) )
‘ i ' -
~ .
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- ANALYZING THE DATA

A1l Effect Sizes Over A1l Studies

Overall, a total of 341 effect sizes were generated in the Teaching
Systems area of the current meta-analysis. The mean effect size produced

over all systems was 0.103 with a standard deviation of 0.414, indicating

expect to be one-tenth of a standard deviation better than traditional

science teaching., Below, this mean effect size over all systems will be

considered and discussed as a function o~ selected variables thought to be

that, on the average, an innovative teaching system in this sample can only
\
|
of interest, |
\

\

|

i

|

|

|

|

|

i

|

|

|

|

\

|

|
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h ) Table 1

- Mean Effect Size by Year of Publication

No. of - Standard
Year & A . Deviation
1950 2 0.250 0.014
1951 2 0.870 0.495
1952 » 1 1.050 0.000
1956 2 0.035 0.050
1957 , 2 0.025 0.050
1959 8 -0,194 0.334
1960 7 0.069 0.161
1963 29 0.015 0.464
1962 14 ~0,062 0,377
1963 14 0.054 0.495
1964 ! 0.207 0,248
1965 18 0.111 0.221
1966 19 0.036 0.259
1967 5 ~0,176 0.286
1968 19 0,058 0.378
1969 21 0,097 0.251
1970 27 0,081 0.455
1971 54 0,790 0.456
1972 23 0.071 0.493
1973 19 0.007 0.330
1974 17 -0.015 0.463
1975 6 0.482 0.282
1976 4 0.443 0.245
1977 9 0.631 0.526
1978 6 0,098 0.233
1979 2 0.430 0.325
1980 2 0.000 0,000

-

In all, the 130 studies coded gave rise to 341 effect sizes distributed
over the years 1950 through 1980, with the bulk of the effect sizes being
obtained in the years 1961 through 1974, The minimum mean effect size for
any given year was -0.194 with a standard deviation of 0.334, occurring in
1959 (based on 8 effect sizes), and the maximum mean effect size was obtained
in 1951 with a value of 0.870 and a standard deviation of 0.495 (based on 2

effect sfzes). No overall trend is evident from the data.
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Table 2
Mean Effect Size by Form of Publication

No. of - Standard
Forn b ) Deviation
Journal article 96 0.201 0.480
Dissertation 214 0.064 0.377
Unpublished paper 25 -0.034 0.360
Conference paper 6 0.508 0.172
ALL KL3 0.103 0,414

Studies were reported as journal articles (producing 96 effect sizes),
dissertations (producing 214 effect sizes), unpublished papers (producing
24 effect sizes), or conference papers (producing 6 effect sizes), The
mean effect size over all systems derived from studies reported ip journals
was 0.201 with a standard deviation of 0,480, and the mean effect size
derived from studies reported in dissertations was 0,064 with a standard
deviation of 0,377, illustrating the selection bias noted earlier by Glass
et al. (1981, Chapter 7). The mean effect size derived from studie§§?eported
as unpublished papers wai’~0.034 with a standard deviat%on of 0.36, and the
and the mean effect size derived from studies reported at conferences was

0.508 with a standard deviation of 0.172.

l_‘“
LAY
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Table 3
Mean Effect Size by Grade

No. of . Standard
Grade A A Deviation
1 5 0.524 0.289
2 3 -0,253 0.280
3 7 0.050 0.479
4 10 -0,024 0,151
5 28 0,121 0.258
6 19 -0.074 0.435 .
7 28 0.086 0.293 .
8 25 0.315 0.49
9 31 0.115 - 0.263
10 63 0.099 0.406
11 76 0,152 0,420
12 43 0.008 0.548
missing 3
ALL 3 0.103 0,414

In the current meta-analysis, effect sizes were obtained for studies
which drew their subjects from grades 1 through 12. The minimum mean
effect size obtained was -0.253 with a standard deviation of 0.280 (based
on three effect sizes) obtained in grade 2, and the maximum mean effect size
of 0.524 with a standard deviation of 0.289 (based on 5 effect sizes)
obtained in grade 1. No cbvious relationship between magnitude of mean
effect sizz and grade is readily apparent in the data.

It should be noted here that, due to the constraints of educational
practice, such a breakdown as is being attempted here on the basis of grade

* tends to‘subdivide the effect sizes obtained into subgroups differing also
by curriculum area (i.e., students in grade 10 tend to study biology, stu-

dents in grade 11 tend tv study chemistry, etc,).

15
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Table 4

Mean Effect Size by Assignment to Groups

No. of - Standard
Assignment to Groups A A Deviation
Stratified random 38 0,010 0.390
Random 79 0.150 0.477
Matched -4 0.088 0.339
Intact random 9] 0.206 0.428
Intact nonrandom 86 ~0,003 0.362
Self-selected 6 0.142 0,215
Al . 341 0.103 0.414

In the current metqlénalysis, an attempt was made to attach to each
effect size a variable whose value described the method which was used to
allocate subjects td either the experimental or control group. This vari-
able was categorical in nature, and in all had six values, one of which was
allocated to each effect size., In Table 4 are reported the mean effect
sizes generated when the total mean effect size is broken down by the six

values of this variable.

185
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Table 5
Mean Effect Size by Subject Matter

’ No. of - Standard
Subject Matter i A Deviation
General Science 100 0,090 0.315
Life Science 12 0.155 0.201
Physical Science 16 0.134 0.286
Biology 76 0.150 0.483
Earth Science 7 0.084 0.216
Chemistry ¢ 73 0.146 0.441
Physics 54 -0.014 0.508
Other 3 0..093 . 0.330 “
ALL 341 0.103 0.414

Table 6

Mean Effect Size by Type of Outcome Criterion

New o - Standard
Type of dutcome Criterion _ A N Deviation
Cognitive: low 61 v. 080 0,461
Cognitive: high 1 0. 9 0.394
General achievement . 165 0.7 0.-98
Problem solving : 12 LG 0.:54
Affective toward subject 13 ..0%6 0.236
Affective toward science 22 3.515 0.333
Affective toward method 6 0,217 0,404
Affective toward studying 4 0.030 0.251
Process skills 3 -0.107 0.199
Methods of science 12 0.350 0.475
Psychomotor (lab skills) 6 0.892 0,684
Critical thinking 7 0.234 0.311
Creativity 4 0,430 0.457
Decision making 2 0.080 0.014
Logical thinking 3 0.403 0.280
Self-concept 3 0,317 0.100
Science perceptions 7 0.211 0.298

ALL 34 0.103 ~ 0.414




Table 7
Mean Effect Size by Origin of Instrument Used

0.045
0.187
0.113
1.028

0.720

0.103

A

0,099
0.160
0,265
-0,160
-0.030
0,011
0.043
-0.735
0.210

Standard

Deviation

0,387
0,365
0.398
0.511

0.453

0.414

Standard

Deviation

0,435
0,408
0.375
0.145
0.150
0,233
0.528
0.163
0.184

Method of Measurement No, of
(Type of Instrument) A
Published nationally;
standardized 173
Modification of
national standardized 27
Ad hoc written tests 131
Classroom evaluation 6
Structured interview,
assessment ) 2
Missing 2
ALL 34
Table 8
Mean Effect Size by Method Used to Calculate Effect Size
No, of
Calculation of Effect Size A
Directly from reported or raw data 179
(means and variances)
Reported with direct estimates 115
(ANOVA, ANCOVA, t, F)
Directly from frequencies reported 2
on ordinal.scales (Probit, x?)
Backwards from other variances of 4
means with random assignment '
Nonparametrics 8
(other than #3)

Guessed from independent 23
sources

Estimated from variance 6
(corretation guessing)

Estimated directly from 2
p-value

From percentiles . 2

ALL 341

L&

0.103

0,414




Table 9
Mean Effect Size by the Means Used in the
Effect Size Calculation

No, of - Standard
Source of Means o A Deviation
Unadjusted posttest 162 0.125 0.448
Covariance adjusted 67 0.086 0.387
Pre-post differences 93 0.087 0.382
Other 18 0.024 0.358
Missing 1
ALL 341 0.103 0.414
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Mean Effect Size, System by System

Tables 10a and 10b list the mean effect size obtained for each system
and subsystem. In Table 10a the mean effect size on all outcome variables
combined is presented; Table 10b shows the mean effect size on all outcome
variables combined is presented; table 10b shows the mean effect size for
each outcome variable (e.g. cognitive, affective, science methods, self-
concept, etc.) for each system and subsystem.

Since there is some variation in the way the data is consolidated
within the two tables, a description is needed at this point. In Table 10a,
the row labelled "ALL" includes each of the 341 individual effect sizes
otabined from the studies integrated. The effect sizes found in the remainder
of Table 10a, however, total up to more than 341 and their wieghted average is
not that given in the LALL" row for two reasons. First of akl, the table

contains rows with data on various subsystems which, of course, duplicate the

system data summarized in the line immediately above each group of subsystems.

~—

Systems for which subsytem information is given are compute;:l@nked, median-
based, and programmed instruction. Second, as noted previously, some effect
sizes have been listed in more than one system in cases where the system
eva%uated in a given study met the definition presented earlier for more cthan
one system. This duplicate listing occurred in 93 instances; 'essentially all of
them are the result of an effect size being listed in both individualized
instruction and one of several other systems.

In Table 10b, the "All Systems" row at the bottom of the table is the
welghted average of the mean effect sizes for .each of the above systems
(information hes not been duplicated, however, by inclusion of subsystem
information in this weighted average). This table shows the mean effect size
for each outcome variable for each system as well as an overall mean effect

size on each outcome variable for all systems combined.

/

I. ~ J /’/
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Table 10a

MEAN EFFECT SIZE, SYSTEM BY SYSTEM, ON ALL OUTCOME VARIABLES COMBINED

_ No. Max. Min.
System A of 4 s.d. A A

ALL 0.10 341 0.41 1.74 -0.87
Audio-Tutorial 0.17 7 0.27 0.52 -0.27
Computer Linked 0.13 14 0.58 1.45 -0.58
CAl 0.01 5 0.74 1.23 -0.58

Cil 0.6 8 0.22 0.53 -0.19

CSE 1.45 1 0 1.45 1.45
Contracts for Learning 0.47 12 0.61 1.74 -0.38
Dept. Elem. School -0.09 3 0.17 0.08 -0.25
Individualized Inst. 0.17 131 0.45 1.74 -0.85
Mastery Learning 0.64 13 0.43 1.74 0.08
Media Based Instr. -0.02 100 0.37 1.22 -0.87
~ TV 0.6 40 0.35 0.77 -0.87
Film -0.07 58 0.38 1.22 -0.74
Slides -0.47 1 0 -0.47 -0.47
Tapes -0.27 1 0 -C.27 -0.27

PSI (Pers. Syst. Inst.) 0.60 15 0.42 - 1.74 0.08
Programmed Instr. 0.17 52 0.48 1.36 -0.82
Branched 0.21 5 0.80 1.23 -0.42
Linear 0.17 47 0.44 1.36 -0.82
Self-Directed 0.0 27 0.38 0.87 -0.58
Source Papers 0.14 13 0.21- 0.48 -0.19
STudent Assisted 0.0 6 0.17 0.34 -0.13
" Team Teacning 0.05 41 0.38 1.36 -0.76
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MEAN EFFECT SIZE ON EACH OUTCOME/VARIABLE FOR EACH SYSTEM AND SUBSYSTEM

Science - Critical Legical Self-
Cognitive Affective Methods Psychomotor Thinking Thinking Creativity Concept
Sys tem A n_ & gn A n__A n A n b n & n A
Audio-Tutorijal .09 5 .33 1 A2 1
Computer-Linked 22 11 -7 3 e
CAl .16 4 -.58 1
CMI .05 b .04 2
CSE 1.45 1
Contracts for
Learning .22 5 .33 3 1.2 2 .53 2
Dept. Elem. Sch. -.09 3 |
Individualized Instr. a2 102 .16 10 43 9 1.17 2 .33 4 80 2 .50 2 372
Mastery tearning Y b .52 2 1.2 2 .89 1 '
Media Based instr. -.03 75 -.10 16 Jd2 5 -.08 1 .16 2 77 1
T.V. . .02 33 -.12 1 17 4 .15 1 J7 1
Film -.06 40 -.10 15 - 10 1 -.08 1 .17 1
STides -.47 1
Tapes -.27 1
P.S.1. .49 7 .52 2 1.2 2 .89 1 . .40 3
Programmed Instr. .17 51 .20
Branched .21 5
Linear 17 46 .20 1
Self-Directed -.12 16 -.10 3 ~.11 1 .17 1 .40 3 .50 2 42 1
Source Papers Q49 -9 1 25 3 '
Student Assisted 1 2 .17 2 .02 1 -.04 1
Team Teaching .08 31 -.12 7 .18 3
E}Siﬁ;lﬁyiTEMS .10 325 .04 51 47 28 .75 3 .39 12 .43 8 .43 4 .3%59 4
&

B — A AL} e T |
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Group Sizes, System by System

For each effect size in the current meta-analysis, the final sizes

of the treatmen. and control groups were recorded.

Table 11
Final Size of Treatment Group Within Each System

1

‘ ' No.Agf Mgzz Maximum [ Minimum
111 as ‘ 31 122.9 >999 14
Audio-Tutorial 7 39.7 57 15
| Computer_Linked 14 Q.6 232 2
CAL e i I . L 58| .24
L S 811679 | 232 | . 2%
CSE 1 29 29 29
Contracts for Learning 12 31.9 63 20
Departmentalized E1. Sch. 3 284.3 ™ 646 70
Inlividualized Instruction 131 . 60.1 321 14
Mastery Learning 13 24.5 ‘35 ¢ 20‘
Media Based __ __________ | ___ 100 | _229.2 | . >399 | ___. 15
Television ..o 40 __.l..242.2 | . 2999 _ ... 0.
Film 58 .227.9 919 22
Personalized System of Inst'. 15 30.8 52 20
Programmed Instruction __1___ 52} _73.7 | ___ 186 |- 18__.
Branched ____ 2. 39:0 |38 |- 26___
Linear 47 77.7 186 18
Self-directed Study 27 51.3 122 23
Source Papers 13 35.7 50 25
Student Assisted 6 62.7 68 48
Team Teaching " 4] 100.3 261 25
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, Table 12
Final Size of C\antro1 Group Within Each System

No.,of Mean

A's n Max imum Minimum
All v 341 122.9 900 15
Audio-Tutorial 7 40,7 56 15
Computer Linked [ ___ 4o 87.9 | .28 | 20___
Y S - N S S {
L 8. dams | e | 23
CSE 1 39 39 39
Contracts for lLearning 12 28.9 49 20
Departl. Elem. Sch. 3 356.7 | 707 175
Individualized Instr, 131 65.1 499 15
Mastery Learning 13 19.7 23 18
Media fased ___________ 1 100 __{__ 1811 _ | 200 _{_____ 7.
Television | 40| 452 | 520 | 70
Film 58 212.4 900 17
pSI 15 26.7 51 18
Programmed Instr. _____ o824 885 1 . LA S 18__.
Branched __________. o8 368 %2 | 26
Linear 47 ° 72,2 176 18
Sel f-difected Study 27 48.0 98 20
Source Papers i3 35.7 50 < 25
Student Assisted , 6 48.3 -64 25
gTeam Teaching 41 103.2 338 25
194




Summary Data for the Individual Systems

On the‘fo11owing pages, summary data are given and discussed for each
of the teaching systems taken separately. The systems are arranged in
alphabetical order, and in each case a summary data table is included.

Audio-Tutorial System. Seven effect sizes were obtained for the

“Audio-Tutorial system, with a mean effect size of 0.170 and a standard
deviation of 0.274. The effect sizes were obtained from studies performed
in the years 1970, 1972, 1974, and 1976, and although the mean effect
sizes generated in each of these years vary considerably, definitive state-
ments concérning their re1ative.magnitudeﬁare difficult to make due to the
small number of effect sizes concerngd. However, the maximum mean effect
size of 0.335 (based on 2 effect sizes) was obtained in 1976 and the mini-
mum effect size of 0.000 (based on 1 effect size) was obtained in 1970.

When the effect sizes are broken down by form of reporting, the mean
ef%ect size obtained from journal articles is 0,223, with a standard devi-
ation°of 0.268 (based on 3 effect sizes) and the mean effect size from
dissertations is 0,130 wi%h a standard deviation of 0.312 (based on 4 effect
sizes). Effect sizes were obtained in grades 3, 4, 9, and 10, the minimum
being obtained in grade 3 with a mean gffect size of 0,000 (based on 1
effect size), and a maximum in grade 10 with a mean effect sizé of 0.335
(based on 2 effact sizes). A1l effect sizes in the audio-tutorial system
sample were produced by studies which used randomized allocation of subjects
to groups, and hence no statements can be made concerning the variations of
mean effect,sizes over the variable VALDESN (a variable to measure the
validity of the experimental- design). !

Systems using the audiotutorial technique were evaluated in two curri-

culum areas: general science and biology. The mean effect size obtained
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in biology was greater than the mean effect size obtained in general
science with bid]ogy having a mean effect size of 0,230 (based on 5 effect
sizes) and general science hé;ing a mean effect size of 0.020 (based on

2 effect sizes). '

Effect sizes were obtained on various types of outcome criteria in
studies that evaluated the audio-tutorial system. Effect sizes based on
cognitive outcome criteria registéred a mean effect size of 0,088 and a
standard deviation of 0.287 (based on 5 effect sizes) and effect §§ég;
based on affective outcome criteria registered a mean effect size of 0.330
(based on 1 effect size). The tests that were used to evaluate the effect
size of the au&}o-tutoria1 system were published tests, modified published
tesfs, and ad hoc ;ests produced by the investigator. Effect sizes

{
generated by studies which made use of published test materials produced

_a mean effect size of 0.?75 with a standard deviation of 0.064 (based on

2 effect sizes) whereas kffect sizes produced by studies which made use of
f

modified published testj and &d hoc tests taken together had a mean effect
size of 0,088 and a standard deviation of 0.287 (based on 5 effect sizes).
Studies which reported the raw data in the account of the investigation

were able to generate effect sizes directly from the raw data and such

~

studies produced a mean effect size of 0.130, with a standard deviation of

0.312 (based on 4 effect sizes). Other studies reported the results of
their investigation as a statistic or group of statistics (t, F, etc.) and
mean effect sizes were calculated by methods due to Glass et al. (1981),

producing a mean offect size of 0.335 with a standard deviation of 0,262

(based on 2 effect sizes).



i
By Year of Publication

1970 0,000

1972 0,040

1974 0,160

1976 0,335
By Form of Reporting

Journal article 0.223

Dissertation 0,130
By Grade Level of Subjects

3 0,000

4 0,040

9 0.160

10 0.335
By Validity of Design

Random 0,170
By Subject Matter

General Science 0,020

Biology 0.230
1. -‘) llt

Standard

Deviation

0,000
0.000
" 0,375
0.262

0,268
0.312-

0,000
0,000
0.375
0.262

0.274

0,028
0.311

Table 13
AUDIO~TUTORIAL SYSTEM

s.d

A

N

N w— -

oW

o N

u ounou

0,170
0,274
7

- Standard
A Deviation®
By Immediate or Retention
Immediate 0,223 0,268
Missing information
By Type of Outcome Criterion
Cognitive _ 0,088 0,287
Affective 0,330 0.000
. Self-Concept 0,420 - 0,000
By Method of Measurement (Instrument)
Published 0,375 0,064
Modified published - .
& Ad hoc 0,088 0,287
By Calculation of Effect Size
From raw data 0,130 0,312
By direct calc, 0,335 0,262
Less trustworthy 0,000 0,000
By Source of Means
Unadjusted posttest 0,040 0,000
Pre-post differences 0,230 0,311
Other 0,000 0,000

il

> W

—_— PO >

€61
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Computer-Linked Systems, Studies addressing the efficacy of computer-

linked systems generated 14 pffect sizes with a mean of 0.134 and standard
deviation of 0.583. The studies which gave rise to these effect sizes were
performed in the years 1965 (4 effect sizes), 1971 (5 effect sizes), 1972

(4 effect sizes), and 1975 (1 effect size); studies performed in and before
1971 yielded negative effect sizes and studies performed after and inc1uding
1972 yielded positive effect sizes. The maximum effect size was produced
in, 1972, and was 0.575 with a standard deviation of 0.943 (based on 4 ef;ect
sizes) and the minimum effect size was produced in 1971 and was -0.148 with
a standard deviation of 0.243 (based on 5 effect sizes).

Studies reported in journals gaVe rise to a mean effect size of 1.3&6
with a standard deviation of 0.156 (based on 2 effect sizes) whereas studies
reported in dissertations had } mean effect size of -0,121 with a standard
deviation of 0.247 (based on 11 effect sizes). Studies were performed at
grades 5, 10, 11, and 12, tha majority being performed in the senior grades.
It appears as though thé mean effect size increases with grade; however,
such trends can be regarded as having no significance due to the small size
of the sample addressed, )

Studies performed in order to evaluate the effect size of computer-
linked systems made use of randomized allocation of subjects to groups,
random allocation of intact groups, and nonrandomized allocation; those
studies which made vse of randomized allocation generated a mean effect
size of 0.470 with a standard deviation of 1.009 (based on 4 effect sizes)
whereas studies which used nonrandomized allocation produced a mean effect
size of -0.053 with a standard deviation of 0.114 (based on 4 effect sizes).
Studies were performed in the curriculum areas of general science, chemis-
try and physics; the mean effect size obtained for chemistry and physics

were similar in magnitude (0.143 and 0.174) and substantially larger than

ERIC z | 189
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that obtained in general science (6.020).

0f the 14 effé%i sizes obtained from studies evaluating this system,
11 were obtained by immediate assessment’of students at the conclusion of
the experimental and control group interventions and the remaining 3 effect
siz?s were intended to evaluate the retention effects of the interventions.

~

The mean effect size\fof imﬁediate assessment was 0,221 with a standard
deviation of 0.626 (based on 11 effect sizes) and the mean effect size for
. evaluating retention effects was -0.183 with a standard deviation of 0.240
(based on 3 effect sizes), indicating that positive effects generated by
the computer linked systems in students involved in the experimental inter-
vention decayed with time relative to students in the control group.

Effect sizes based on cognitive outcomeccriteria produced a mean effect
size of 0.216 with a standard deviation of 0.618 (based or 11 effect sizes)
and effect sizes based on affective outcome criteria produced a mean effect
size of -0,167 with a standard deviation of 0,359 (based on 3 effect sizes).
Studies which made use of published test materials generated a mean effect
size of -0.158 with a standard deviation og 0.256 (based on 5 effeé% sizes),
and studies which made use of modified published test materials and ad hoc
test materials taken together generated a mean effect size of 0.29} with a
standard deviation of 0.66% (based on 9 effect sizes), showing that it was

. more 1ikely for investigators who authored their own evaluation instruments
- to register a larger effect size.

In those cases in which effect sizes were able to be calculated from
raw data reported in the studies themselves, a mean effect size of 0.149
with a standard deviation of 0,64 (based on 11 effect sizes) was produced,

whereas effect sizes calculated from reported statistics produced a mean

effect size of -0.145 with a standard deviation of 0.064 (based on 2 effect

sizes),




Table 14
COMPUTER-LINKED SYSTEMS

A=0,134
s.d. = 0,583
N=14
- Standard ’ : - Standard
4 Deviation N A Deviation N
By Year of Publication - By Immediate or Retention
1965 -0,053 0,114 4 Immediate 0.221 0,626 1
1971 -0,148 0,243 5 Retention -0,183 -0,240 3
1972 0.575 0.943 4 '
1975 0,530 0.000 1 " By Type of Qutcome Criterion
o Cognitive 0.216 0,618 11
By Form of Reporting , Affective ~0.167 0,359 3
Journal 1,340 0.156 2
Dissertation -0,121 0.247 N By Method of Measurement (Instrument)
Conference Paper 0.530 0.000 1 Published -0,158 0,256 5
Modified Published . -
By Grade Level of Subjects & Ad hoc 0,297 0,661 9
5 0.020 0.108 3 \
10 -0,052 0,114 4 By Calculation of Effect Size
1 0,143 0,941 3 From raw data 0,149 0,640 1
12 0,400 0,841 4 By direct calculatn, -0.145 0,064 2
i ’ ‘ Less trustworthy 0,530 0.000 - 1
By Validity of Design ‘
Random 0,470 1.009 4 8y Source of Means -
Matched & Intact Unadjusted posttest -0,174 0,269 8
Random 0.035 < 0,367 6 Pre-posttest
Nonrandom -0,053 0,114 4 differences 0.548 0,731 5
’ Other 0.530 0,000 1
By Subject Matter
General S:ience 0,020 0.108 3
Chemistry 0.143 . 0,9 3
Physics 0,174 0,606 8
M ' ::tl;s
Q1 .

96T .



Computer Assisted Instruction. Five effect sizes with a mean of 0.010

and a standard deviation of 0,743 were obtained from studies which evaluated
computer, assisted instructional systems. These studies were performed in
the years 1971 and 1972. The mean effect size tor studies in the year 197%
was -0,400 with a standard deviation of 0,028 (based on 2 effect sizes) and
the mean effect size produced by studies performed in the year 1972 was
0.283 with a standard deviation of 0.908 (based on 3 effect sizes). Effect
sizes\for the CAI system were reported both in journals (with a mean of
1.230) and dissertations (with a mean of -0.295). Students in grades 11
and 12 were used as subjects for CAI evaluation, and a mean effect size of
0.143 with a standard deviation of 0,941 (based on 3 effect sizes) was
obtained for éréde 11 subjects and a mean effect size of -0.190 with a
standard deviation of 0.552 (based on 2 effect sizes) was obtained for

. grade 12,

Studies which made use of the randomized allocation of subjects to
groups produced a larger mean effect size of 0,143 than studies which made
use of matched subjects or the random allocation of intact groups (with
a mean effect size of -0.190).

The two curriculum areas which were addressed in these studies were
chemistry (with a mean effect size of 0.143) and physics (with a mean
effect size of -0.190), Of the 5 effect sizes, four were generated by
immediate evaluation of experimental effects, giving rise to a mean effect
size of 0.118 with a standard deviation of 0.812, énd one was generated by
delayed evaluation (a retention effect) giving rise to an effect size of
-0.420, Both cognitive and affective sutcome criteria were evaiuated,

with cognitive measures producing a mean effect size of 0.158 with a stand-

ard deviation of 0.769 (based on 4 effect sizes), and affective measures

EUJ ! *;




producing a mean effect size of -0.580 (based on 1 effect‘size).

Tée mean effect size produced by studies which made use of published
test materials was -0.580 and the mean effect size produced by studies
which made use of modified published and ad hoc materials takep together ™

was 0.158 with a standard deviation of 0.769 (based on 4 effect sizes).

Sy
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1y
By Year of Publication
1971 -0,400
1972 0,283
By Form of Reporting
Journal article 1,230
Dissertation -0,295

By Grade Level of Subjects

T i ., 0,143

12 ' =0,190
By Validity of Design

Random - 0,143

Matched & Intact .

Ranciom ~0,190

By Subject Matter

Chemistry 0.143

Physics -0,190

AR
‘Jt'l}

Standard

Deviation

0,028
0.908

0,000
0,341

0.941
0,552

0,941
0,552

0,941
0,552

Table 15
COMPUTER ASSISTED INSTRUCTION

A
s.d.
N

N

—

W N

—4

N w

N w

0.010
0,743
5

_B_ Deviation N
By Immediate or Retention
Immediate 0,118 0,812 4
Retention -0,420 0.000 1 N
By Type of Outcome Criterion .
Cognitive 0,158 0.769 4
Affective ~0,580 0.000 1
By Method of Measurement (Instrument)
Published -0,580 0,000 1
Modified published -
& Ad hoc 0,158 0,769 4 9
By Calculation of Effect Size '
From raw data . 1,010 0.743 5
By Source of Means . .
Unadjusted posttest -Q,295 0,341 4
Pre~post differences 1,230 0,000 1
A

Standard
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Computer Managed Instruction, Teaching systems based on the use of

computer managed instruction had a mean effect size of 0.048 with a standard
deviation of 0.220 (based on 8 effect sizes). These studies were performed
in the years 1965 (4 effect sizes), 1971 (3 effect sizes), and 1975 (1 effect
size). The maximum effect size was obtained in 1975 and was 0.530, and the
minimum mean effect size was obtained in 1965 and was -0.053. The mean
effect size for studies reported as dissertations was -0.021 with a Etandard
deviation of 0.109 (based on 7 effect sizes) and the mean effect size for
studies reported at conferences was 6?530 (based on 1 effect size).

Grades 5, 19, and 12 were used to provide subjects “for studies inves-
tigating computer managed instruction, the largest mean effect size being
produced in grade 12, the minimum in grade 10; however, the small size of
the sample of effect sizes being discussed here prevents defin%tive state-
ments being made concerning any trend across gradei1;Q;i.—

None of the studies being addressed here made use of the randomized
allocation of subjects to‘groupé; however, studies which made use of
matched 'allocation and the random allocation of intact groups (taken
together) produced a mean effect size of 0.148 with a standard deviation
of 0.270 {based on 4 effect sizesf and studies which made use of nonren-
domized allocation produced a mean effect size of -0.053 with a standard
deviation of 0.114 (based on 4 effect sizes). The curriculum areas of
general science and physics were the basis of the evaluation of the computer
managed’instruction system in the sample of studies being meta-ana1yied
here. In both cases, the mean effect sizes were positive but close to zero.

0f the 8 effect sizes in this subsection, 6 address the question of
immediate effects, giving a mean effect size of 0.085 and 2 address the

question of delayed effect§, giving a mean effect size of -0,065. Those

(2“ ‘v
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effect sizes for which cognitive outcome criteria were employed generq}ed

a mean effect s{ze of 0.0gO with a standard deviation of 0.260 (based on

6 effect sizes) and tHose éffeét sizes for which affective outcome cri-
teria were employed generatéd a mean effect size of 0.040 with a ¥tandard
deviation of 0.028 (based on'2 effett sizes); A mean effect size of ~0.053
with a standard deviaticn of 0.114 (based on 4 effect sizes) was gbtainéd
in those cases in which published test materials were used, a mean effect
size of 0.148 with a standard devié@ion of 0.27 (based on 4 effect sizes)
was obtained in those cases in which modified published test materials '
and ad hoc test materials were employed. Effect sizes deriving from the

meta-analysis of reported raw data produced a mean effect size of 0.028

with a stahdang deviation of 0.079 (based on 5 effect sizes), whereas

. effect sizes based oﬁ the transformation of reported statistics produced
a mean effect size of -0.145 with a standard deviation of 0.064 (based

on 2 effect sizes).




. Table 16
COMPUTER MANAGED INSTRUCTION

A = 0,048
s.d, = 0,220 v
N=28
- Standard - Standard
A Deviation N : A Deviation N
By Year of Pubiication By Immediate or Retention
1965 -0,053 0,114 4 Immediate 0,085 0.234 6
1971 0,020 0,108 3 Retention -0,065 0,177 2 .
1975 0,530 0,000 1
By Type of Outcome Criterion
By Form of Reporting Cognitive 0,050 0,260 - 6 -
Dissertation -0,021 0,109 7 - Affective 0,040 0,028 2
Conference Paper 0,530 0,000 1 -
By Method of Measurement (Instrument)
By Grdde Level of Subjects Published -0,053 0,114 4 N
: 5 0,020 0,108 3 Modified published NS
10 -0,053 0,114 4 & Ad hoc 0.148 0,270 4
12 0,530 0,000 1
By Calculation of Effect Size
By Validity of Design From raw data 0,028 0,079 5
Matched & Intact ) By direct calc, . -0,145 0,064 2
Pandom - 0,148 0,270 4 Less trustworthy 0,530 0,000 1
Nonrandom -0,053 0,114 4
By Source of Means
By Subject Matter ¢ ‘ Unadjusted posttest ~-0,053 0,114 4
General Science 0,020 0.108 3 Pre-post differences 0,020 0,108 3
0,000 1

Physics 0,064 0.279 5 Other _ 0,530
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Computer Simulated Experiments. In this meta-analysis, a single

effect size of 1.450 was obtained for systems purporting.to evaluate the
use of‘computer simulated experiments, and as a consequence the breakdown

of this effect size by other variables in the analysis was unable to be

performed,

»

Table 17
COMPUTER SIMULATED EXPERIMENTS

A = 1,450
0.000
1

S.d

n o n

N

Published 1972
Journal article
Grade 12
Random assignment
Physics
. Immediate
Cognitive ‘
Modified published & ad hoc
From raw data
Pre-post differences
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Contracts for Learning. A mean effect size of 0,467 with a standard

3

deviation of 0,605 (based on 12 effect sizes) was‘obtained for studies
purporting to evaluate the use of contracts for. learning. These studies
were performed in the early 1970s and generéted a maximum mean éffect size
of 0.857 with a standard deviation of 0,467 (based on 7 effect sizes) in
1971, and a minimum mean effect size of -0.255 with a standard deviation
of 0.177 (based on 2 effect sizes) in 1974. The mean effect size obtained
from studies reported.in journals (0.610) was considerably higher than the
mean effect size obtained from studies reported as dissertations (0.040).
The contracts for learning system was eva]uatedAin grades 8, 9, and 11,
the maximum mean effect size being obtained in grade 8 (0.857) and the
minimum mean effect size being obtained in grade 9 (-0.255).

Sihdiés which madé use of the randomized allocation of subjects to
groups produced a mean effect size of 0.857 with a standard deviation of
0.467 (based on 7 effect sizes) and studies which made use of matched
allocation and the random allocation of intact groups taken together pro-

dubed a mean effect size of -0.078 with a standard deviation ¢f 0.201]

(based on 5 effect sizes). The curriculum areas of biology and chemisiry”
were the areas that were used in the evaluation of this teaching‘system.

Nine effect sizes with a mean of 0.610 and a standard deviation of 0.639
were obtained in the curriculum area of biology, and 3 effect sizes with

a mean of 0.040 and a stahdard deviation of 0.114 were obtained in chemistry.

Of the 12 effect sizes seeking to address the effectiveness of the

contracts for learning system, 11 concerned the evaluation of immediate

effects (with a mean effect size of 0.522) and one sought to evaluate delayed
effects (with an effect size of -0.130). Those effect sizes based on cog-

nitive outcome criteria produced a mean effect size of 0.218 with a standard
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deviation of 0.569 (based on 5 effect sizes), and those based on affective
putcome criteria produced a larger mean effect 'size of 0.330 with a stand-
ard deviation of 0.449 (based on 3 effect sizes). A1l effect sizes genera-
ted in this subsection .originated in the use of published test materials
as the bafis of the outcome measures.

Effect sizes calculated on the basis of reported raw data amounted to
five in all, and had a mean of -0,078 with a standard deviation of 0.20]
and those calculated on the basis of the transformation of reported statis-

tics had a mean of 0.857 with a standard deviation of 0.467 (7 effect sizes

in all).
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By Year of Publication

1971 0,857

1972 0,040

1974 -0,255
By Form of Reporting

Journal article 0,610

Dissertation 0,045
By Grade Level of Subjects

8 0,857
9 -0,255

1 0,040
By Validity of Design

Random 0,857

Matched & Intact

~_Random =0,078
By Subject Matter

Bio fogy 0,610

Chemistry 0,040

214

Standard

Dzviation

0,467
0,114
0,177

0,639
0.114

0,467
0,177
0,114
0,467

0,201
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A
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le 18
CONTRACTS FOR LEARNINQ

0.467
0,605
12

i

4
AY

A
By Immediate or Retention
Immediate 0,522
Retention -0,130

By Type of Outcome Criterion

Cognitive 0,218
Affective 0,330
Science Methods 1,235,
Critical Thinking 0,530

Standard
Deviation N

0,603
6,000

0,569

0,449

0,714
0,509

By Method of Measurement (Instrument)

Published 0,467
‘By Calculation of Effect Size
From raw data -0,078
By direct calculatn, 0,857

' By Source of Means

Unadjusted posttest
Covariance adjusted

~0,078
0.857

0,605

0,201
0,467

0,201
0.467

1
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~No;
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Departmentalized Elementary Schobl. The departmentalized elementary

school system (with a mean -effect size of -0.090 and » .tandard deviation
of 0.165 based on 3 effect sizes) was evaluated in studies reported in the
years 1963, 1967, and 1969, The maximum effect size of 0.080 was obtained
in 1963 and the minimum effect size of -0.250 was obtained in 1969, Effect
sizes calculated from data reporte& in journal articles generated a mean
of 0.080 whereas effect sizes calculated from data reported in dissertations
had a lower mean of -0.175, "

Those studies in which the raw data itself was reported produced a
mean effect size of 0.080, while those studies which reported their out-

comes as a statistic or group of statistics produced a mean effect size of

-0,250,




Table 19
DEPARTMENTALIZED ELEMENTARY SCHOOL
A = -0,090
s.d, = 0,165
N=3
- Standard - Standard
A Deviation N A Deviation N
By Year of Publication By Immediate or Retention,
1963 0,080 0,000 1 Immediate -0,090 0,165 3
1967 -0,100 0,000 1 I
1969 -0,250 0.000 1 By Type of Outcome Criterijon . - 77~
Cognitive -0,090 0,165 3
By Form of Reporting
Journal article ¢,080 0,000 1 By Method of Measurement (Instrument)
Dissertation -0,175 0.106 2 Published -0,090 0,165 3 o
B . o
By Grade Level of Subjects By Calculation of Effect Size »
5 -0,175 0,106 2 From raw data 0,080 0,000 1
6 0.080 0,000 1 By direct calc, -0,250 0,000 1
Less crustworthy -0.100 0,000 1
By Validity of Design
Nonrandom -0,090 0,165 3 By Source of Means
Covariance adjusted -0,010 0,127 2
By Subject Matter Pre-post differences -0,250 . 0,000 1
General Science -0,090 0,165 3 . .
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Individualized Instruction. Studies purporting to evaluate the use . ~

of systems based on the techniques of individualized instruction yielded
131 effect sizes. The mean effect size thus obtained was 0.174, with a
standard deviation of 0.459. Studies addressing this question were
reported between the years 1961 and 1980 with the majority of effect sizes
being produced between 1969 and 1974, The maximum effect size of 0.806
was obtained in 1961 and the minimum effect size of -0:200 was obtained in
1967. The mean effect size for individualized instruction systems broken
down by form of reporting illustrates a trend which is appareqt‘in other
facets of this met;-ana1ysis, with the mean effect size for studies repor-
ted in journal articles (0.405) being considerably larger than the mean
effect size for studies reported as dissertations (0.102).

The individualized 1n§truction system was evaluated in grades\3 through
‘12, with the bulk of the evaluations being performed in grades 7 through
11; the mean effect sizes thus produced ranged from -0.100 to 0.467., Stud-
ies which made use of the randomized allocation of subjects to experimental
groups produced a mean effect size of 0.215 with a standard deviation of
0.494 (based on 56 effect sizes), whereas studies which made use of 4
matched allocation or the random allocation of intact groups produced a
mean effect size of 0.175 with a standard deviation of 0,442 (based on
53 effect sizes). Studies which made use of the nonrandomized allocation

of subjects to experimental groups produced a mean effect size of 0.070

decreasing mean effect sizes is evident here as we move from true experi-

mental designs through quasi-experimental designs of decreasing trust-

worthiness.

with a standard deviation of 0.409 (based on 22 effect sizes). A trend of




"“cuﬂum,angasl_yith the maxinum mean effect size of 0.430 being obtained in

210

The individualized instruction system was evaluated across many curri-

e

.,

the 1ife science curriéﬁiﬁﬁ‘éﬁdﬁthe~minimgmNgffect size of 0.000 beihg
obtained in the earth science curriculum, a]th0;;;~;;*BEEEMB?“fhese~aneas\,“
only a single effect size was generated. In those areds in which the bulk
of the effect sizes-Wére produced (viz., general science with 36 effect
sizes, biology with 30 effect sizes, and chemistry with 43 effect sizes),

the maximum mean effect size of 0.265 with a standard deviation of 0.550

was obtained in biology and the minimum mean effect sizéof-0.016 with

a standard déviation of 0.252 was obtained in general.science.

Of the 120 effect sizes which were coded as apb;spriate to immed%ate
or retention effecfs in this area (with 11 effect sizes having a micsing
value on this variable), 108 addressed the question of immediate effects and
12 addressed the questibn of retention effect;. For those effect sizes
which dealt with the immediate evaluation of experimental effects, the mean
effect size was 0.22 with a ;tandard deviation of 0,482, and for those
effect sizes which dealt with the delayed evaluation of experimental
effects, the mean effect size was -0.109 with a standard deviation 0 0+234,
illustrating that any difference in effect between experimental and control

interventions decreased as time passed after the conclusion of the inter-

|
ventions, In fact, although individué1ized jnstruction is seen to be more
effective than traditional instruction immediately on conclusion of the
experimental treatment, once the treatment is withdrawn, and time has passed, ‘
traditional instruction is the system which retains its influence more
effectively than individualized instruction, h

The mean effect size generated by the individualized instruction sys-

tem broken down by type of outcome criterion reveals a bewildering

2o0
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variability; however comparisons of mean effect sizes due to cognitive and
affective outcome criteria indicate (given the extant standard deviations)
little difference between the two. The mean effect size for those outcomes

based on cognitive criteria is 0.118 with a standard deviation of 0.440

;__”_“_w__w“fpgﬁeqnon 102 effect sizes), whereas the mean effect size for those outcomes

\“"\\

based on affective criteria is 0,160 with a standard deviation of 0.373
(based on 10 effect sizes).

Those effect sizes which resulted from the use of published test
materials revealed a mean which was of the same magnitude as the mean

effect size obtained by use of modified published test materials and ad

—

hoc test maté;?ngxtikEn‘together {with the standard deviation in the twa
categories also being similar). The mean effect size attributed to the use
of published test materials was 0.159 with a standard deviation of 0.442
(based on 65 effect sizes) and the meah effect size attributed to the use
of modified published and ad hoc test materials being 0.159 with a standard
deviation of 0.453 (based on 64 effect sizes). The mean effect size
generated from those studies which reported raw data (0.176 with a standard
deviation of 0.476 based on 72 effect sizes) was of a smaller magnitude
than the effect size generated from those studies which required effect
~~E?fz?“c‘“a‘l'cuIatiaaﬁgz\zﬂformation of common statistics. The mean effect

size generated by such transformations was 0.236 with a standard deviation

of 0.469 (based on 45 effect sizes). I
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Table 20 . o
INDIVIDUALIZED INSTRUCTION

A =0,174
s,d, = 0,459
N =131
- Standard - Standard
A Deviation N A Deviation
By Year of Publication . By Grade Level of Subjects
1961 0,806 0,438 5 3 0,000 0,000
1963 0,190 0,651 2 4 - =0,007 0,042
1964 0,387 0,224 3 5 0,116 0,302
1965 0,047 0,133 3 6 -0,100 0,461
1966 0,011 0,233 8 7 0.027 0.226
1967 -0,200 0.400 3 8 0,404 0.585
1968 0,076 0,397 9 9 0,192 0,328
1969 0,067 0.244 15 10 0,112 0.440
1970 0,047 0,392 19 11 0,215 0,493
1971 T 0,334 0,530 27 12 0,467 0,723
1972 0,316 0,639 10
1973 0,095 0,503 6 By Validity of Design
1974 -0,059 0,500 1 Random 0,215 0.49%
1975 0,507 0,376 3 Matched & Intact
1976 0,347 0.186 3 Random 0,175 0.442
1977 0,210 0.184 2 | Nonrandom 0,070 0,409
1980 0,000 G,0c0 2°
. By Subject Matter
By Form of Reporting General Science 0,016 0.252
Journal article 0.405 0,519 29 ) Life Science 0.430 0.000
Dissertation 0,102 0.422 100 Physical Science 0.216 0,271
Conference paper 0,450 0,113 2 Biology " 0.265 0,550
Earth Science 0,000 0,000
Chemistry 0,204 0,508 .
77 T PRysics T T 0,322 0,652
Other > 0.030 0,000
RPN : ~(continued)

(4 X4



- Standard
A Deviation
By Immedjate or Retentioh
Immedigte 0,220 0.482
Retenticn -0,109 0,234
By Type of Outcome Criterion
Cognitive / 0,118 0,440
Affective 0,160 0.373
Science Methods 0.428 0,565
Psychomotor 1.165 0,064
Critical Thinking 0,325 0,405
Creativity 0,495 0.530
Self-Concept 0,365 0.078
By Method of Measurement (Instrument)
Published . 0,159 0.442
Modified published
& Ad hoc 0,159 0,453
Other 1,165 0.064
RN
/

Individualized Instruction, continued

1=

108
12

102

p—
NN WO

65
64

L]

A

By Calculation of Effect Size

From raw data

0.176

By direct calculation 0,236

Less trustworthy

By Source of Means

Unadjusted posttest
Covariance adjusted

"0’032

0,176
0,198

Pre-post differences 0,150

Other

0,190

Standard

Deviation

0,476
0.469
0.258

0,514
0,467
0,412
0,330

To
]
C'V

72
45
14
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32
40
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Mastery Learning. Thirteen effect sizes were obtained in the area of

mastery learning; the mean effect size was 0.644 with a standard deviation
of 0.4303‘ Compared tp other mean effect sizes reported in this meta-
analysis, a m;an_e%fect size of Q.644 can be considered significant; how-
ever, as studies which purport to investigatg the effects of mastery learn-
ing tended to remedfate the experimental group on the basis of errors made
by the participgﬁts on the outcome measure while Fhe control group was not
thus remediated, it %s obvious that a large effecf size should be

obtained.

In this meta-analysis, studies investigating the mastery learning
system were obtained for the years 1971 (7 effect sizes), 1975 (1 efrect
size), and 1977 (5 effect sizes). The maximum mean effect size of 0,857
with a standard deviation of 0.467 was obtained in 1971 and ‘the minimum
mean effect size of 0.368 with a standard deviation of 0.219 was obtained
in 1977, Effect sizes originating from reports published in journals pro-
duceﬁ a mean effect size (0.713 with a standard deviation of 0,500) which
was almost double the mean effect size (0.488 with a standard deviation of
b.161) reported at conferences,

The subjects which were used as participants in studies purporting to
evaluate the effectiveness of mastery learning systems in this meta-ana]y;is
ranged across grades 8, 11, and 12; the maximum effect size of 0.857
was obtained in grade 8 and the minimum effect size of 0.368 was obtained
in grade 11, The majority of the effect sizes included here originate
from studies which utilized the random allocation of subjects to experi-
mental groups, and such effect sizes have a mean of 0.742 with a standard

deviation of 0.434 (based on 10 effect sizes)., Studies which utilized the

nonrandom allocation of subjects to experimental groups produced a mean
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effect size of 0.210 with a standard deviation of 0,184 (based on 2 effect
sizes).

The curriculum areas addressed in this subsection are biology, chemistry,
and physics. The maximum mean effect size of 0.857 was obtained in biology
and the minimum mean effect size of 0.368 was obtained in chemistry, All
effect sizes subsumed here are attributab1e'to the immediate evaluation of
experimental effects on conclusion of the experimental intervention,

The mean effect size due to cognitive outcone criteria was 0.498 with
a standard deviation of 0.278 (based on 8 effect sizes) and the mean effect
size due to affective outcome criteria was 0.515 with a standard deviation
of 0.446 (based on 2 effect sizes). Those studies which made use of pub-
Tished test materials in thefr evaluation of‘fhe experimental and control
groups produced.a mean éffect size of 0.713 with a standard deviation of
0.500 (based on 9 effect sizes) while those studies which utilized either
modified pub1jshedﬁte§t materials or investigator-authored test materials
produced a mean effect s;;;~3¥\07488 with a standard deviation of 0,161
(based on 4 effect sizes). In those cases in which it was possible to
ca1cu1;te a mean effect size from raw data repor;ed in the study itself,

a mean effect size of 0,473 with a standard deviation of 0,194 (based on
3 effect sizes) was.produced; studies wHich reported their outcomes as a
statistic or group of statistics generated a mean effect size by transfor-

mation of those statistics of 0,857 with a standard deviation of 0.467

(based on 7 effect sizes).




Table 21
MASTERY LEARNING

A = 0,644
- s.d, = 0,430
. - ~-—"" 7 N=13
- Standard - Standard
A Deviation N A Deviation N~

By Year of Publication - By Immediate or Retention
1971 _. 0,857 0,467 7 Immediate . 0.644 0,430 13
1975 0,530 0.000 1 )
1977 0,368 0.219 5 By Type of Qutcome Criterion

Cognitive 0.498 0,278 8

By Form of Reporting Affective 0,515 0,446 2
Journal article 0,713 0,500 9 Science Methods 1,235 0,714 2
Conference paper 0,488 0,161 4 _ Critical Thinking 0.890 0,000 1

By Grade Level of Subjects - By Method ,0f Measurement {Instrument)

: 8 0,857 0,467 7 Published 0,713 0,500 9
N 0,368 0,219 5 Modified Published '
12 . 0,530 0,000 1 & Ad hoc 0,488 0,161 4

By Validity of Design By Calculation of Effect Size
Random 0,742 0.434 10 From raw data 0.473 0.194 3
Matched & Intact By direct calculation 0,857 0,467 7

Random 0,530 0,000 1 Less trustworthy 0,317 0,226 3
Nonrandom . 0,210 0.184 2
- By Source of Means )

By Subject Matter . Unadjusted posttest 0,368 0,219 5
‘BioTogy 0,857 0,467 7 Covariance-adjusted 0,857 0,467 7
Chemistry 0,368 0,219 5 Other 0,530 0,000 1
Physics 0,530 0.000 - 1

t
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Media-Based Systems. Instructional systems based principally on the

use of media (including film, television, and the 11Ee) as a means of
inaugurating their effects gave rise to 100 effect sizes. The mean effect
size in media-based systems was -0.023 with a standard deviation of 0,369,
Within the media-based system, 40 effect sizes are attributable to tele-
vision as a medium, and 58 are attributable to film as a mediumj each of
these will be reported in greater detail ]at;r: The mean effect size for -
television based systems was 0,055 with a standard deviation of 0.347, and
the mean effect size for film based systems was -0.065 with a standard
deviation of 0,379. |

Studies of media-based instructional systems that were reported in the
Titerature in the yéafé from 1950 to 1973 are included here. The maximum
mean effect size of 1,050 was derived from a study reported in 1952 and
the minimum mean effect size of -0.558 was derived from studies reported
in 1962, Although considerable variability exists in the mean effect
sizes broken down by year of reporting, no overall trend is apparent. The
mean effect size derived from studies repérted in journals was -0.005 with
a standard deviatién of 0.393 (based on 37 effect sizes) whereas the
mean effect size derived from studies reported as dissertations was -0,012
with a standard deviation of 0.370 (based on 47 effect sizes). Studies
reported as unpublished articles produced a mean effect size of -0.097 with
a standard deviation of 0.3é (based on 16 effect sizes). Although a slight

downwards trend is evident here, the magnitude of the standard deviations

involved prevents any such claim from being substantiated.

Subjects whose performances were evaluated in investigations of media-
based systems were drawn from grades 1 through 12 with the bulk of the
studies being performed at grades 5, 9, 11, and 12, The maximum mean
effect size of 0.393 with a standard deviation of 0,012 (based on 3 effect

sizes) was obtained at grade 1 and the minimum mean effect size of -0.262

230 f
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with a standard deviation of 0.284 (based on 25 effect sizes) was obtained
at grade 12; no clear relationship between mean effect size and grade is
evident in the data.

Of the 100 effect sizes reported, 15 are attributable to studies which
utilized a randomized allocation of sdbjects to groups, 41 are attributable
to studies which uti]ized‘matched allocation of subjects or random -alloca-
tion of intact groups, and 44 are attributable to studies which utilized
nonrandom assignation. Studies which made use of the random allocation of
subjects to groups produced a mean affect-size of -0,219 with a standard

deviation of 0.443, studies which made use of matched or random allocation

of intact groups produced & mean effect size of 0.071 with a standard deviﬂ

ation of 0.266, and studies which used a nonrandomized allocation produced
a mean effect size of -0,044 with a standard deviation of 0,402,

Effect sizes describing the media-based system were evolved from stud-
jes’in several curriculum areas (general science, physical science, biology,
chemisfry, physics, and other).’ The maximum mean effect size of 0.149 with
a standard deviatiop of 0.477 (based on 15 effect sizes) was obtained in the
curricuium area of biology and the minimum effect size of -0,277 with a
. standard deviation of 0.288 (based on 27 effect sizes) was obtained in the
. area of physics. b

Of the 97 effect sizes for which information concerning the timing of
outcome measurement was available, 85 addressed the question of immediate
q@ffects and 12 addressed the question of delayed effects. For those effect
sizes which were baséd on immediate evaluation of experimenta® effects, the
mean effect size was -0.009 with a standard deviation of 0,377, and for

those effect sizes which were based on the delayed evaluation of experi-

mental effects, the mean effect §ize vas -0.113, with a standard deviation

231
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of 0.347, illustrating an erosion of effect due to the media-based system

relative to the effects created by traditional instruction over time._

In the case of effects evaluated as cognitive outcomes the mean effect
size was -0,030 with a standard deviation of 0.388 (based on 75 effect
sizes) and for thebeffects evaluated as affective nutcomes the mean effect
size was ~0.104 with a standard deviation of 0.298 (based on 13 effect
s;zes). Effect sizes derived from studies making use of published test .
materials revealed a lower mean effect size (of -0.081) than effect sizes
derived from studies making use of modified published test materials or
investigator-authored test materials, these latter generating a mean effect
size of 0.038, However, the magnitude of the standard deviation: involved
prevents substantiation of this claim. Effect sizes making use of published
test materials make up 51% of the total and effect sizes making use of
modified published ;r ad hoc test materials make up 49% of the total. Those
effect sizes which were able to be calculated dire;t]y from raw data repor-
ted in the studies gave a mean effect size of -0.080 with a standard devi-
ation of 0.345 (based on 42 effect sizes) and those effect sizes which were

able to be calculated by transformation of reported statistics gave a mean

“effect size of 0.055 with a standard deviation of 0.413 (based on 44 effect

sizes).




By Type of Media
Television
Film
S1ides
Tapes

By Year of Publication

1950
1951
1952
1956
1957
1959
1960
1961
1962
1963
1964
1966
1968
1969
1970
1971
1972
1973

Table 22

3 MEDIA-BASED SYSTEMS
. _. 4 =-0,023 _ e
s.d, = 0,369
N =100
- Standard Standard
A Deviation N A Deviation
By Form of Reporting

0,055 0,347 40 Journal article ~-0,005 0,393
-G,065 0,379 58 Dissertation -0,012 0.370
-0,470 0,000 1 Unpublished article -0,097 0,320
-0,270 . 0,000 . 1 o E

T T ’ By Grade Level of Subjects
1 0,393 0,012

0,250 0,014 .2 2 -0,253 0,280

0,870 0,495 2 3 0,058 0,524

1,050 0,000 1 4 - -0,007 0,187

0,035 0,050 2 5 0,130 0,228

0,025 0,050 2 6 . -0,190 0.561
-0,194 0.334 8 7 0,180 . 0,000

0,069 0,161 7 8 6,045 - 0,120
-0,198 0,231 19 9 0,116 0,160
-0,558 0,195 4 10 . 0.390 0,445
-0,183 0,320 4 1 ' 0,007 0.327

0,117 0,221 .6 12 -0,262 0,284

0,155 0,106 2
7 0,208 0.310 6 By Validity of Design .

0,225 0,149 6 Random -0,219 0,443
-0,387 0,618 3 Matched & Intact

0,028 0.366 19 Random 0,071 0,266
-0,124 0,249 5 Nonrandom -0,044 0.402
-0,130 0,481 2

(continued)
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A Deviation

By Subject Matter

General Science 0,066 0,328

Physical Science 0.096 0.159

Biology 0,149 0.477

Chemistry -0,009 0.324

Physics -0.277 0.288

Other 0,125 0,460
By Immediate or Retention

Tnmediate -0,009 0,377

Retention -0,133 0,347
By Type of Outcome Criterion

Cognitive -0,030 0,388

Affective -0,104 0,298

Sciéncé Methods 0,118 0.143

Psychomotor *-0,080 0,000

Critical Thinking 0.160 0.014

Creativity 0.770 0,000
By Method of Measurement (Instrument)

Published -0,081 0,351

Modified published .

& ad hoc 0,038 0.381

Media-Based Syste s*\pontinued ‘

Standard

36
15
27

85
12

75

-
- N~

51
49

By

\M

-t

™

~
Calculation of Effect Size

From raw data -O‘ng
By direct calculation 0,055

Less trustworthy -0,097
By Source of Means

Unadjusted posttest -0.042

Covariance adjusted -0,048

Pre-post differences 0,071

Other -0.225

St
De

Ny

andard

"~

1¢¢

Deviation N
0,385 42
0.413 44
0.244 14

—
0.393 40
0.279 - 26
0.416 28
0.250 6
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Television. Of the 100 effect sizes summarized previously under_the _ . . ..

heading of "Media-Based Instruction,” 40 made use of television as the
medium'of.instruction. It is these 40 effect sizes that will be dealt with
here. Television-based instruction systems produced a me;n effect size of .,
0.055 with a standard deviation of 0.347 and were reported in the years
between 1957 and 1971, The mean effect size for studies reporting their
outcomes in journals was 0,116 with a standard deviation of 0.194 (based

on 10 effect sizes) and the mean effect size derived from studies reported
as dissertations was 0,026 with a standard deviation of 0.411 (based on 26
effegt sizés)--i]]ustrating again the trend towards higher effects being
reported in.journa1s'than in dissertations, . Suudjes eva]uating this sys~
tem were performed at érades 1 éhrough~9, and grade 12, with no substantial
trend being apparent across the grades., Studies which made use of the
ran&omized a]iocation of subjects to grouﬁs produced a mean effect size of
6;285 with a standard deviation 6f 0.686 (based on 2 effect sizes), the mean
effect size derived from the matched allocation of subjects to groups or

the random allocation of intact groups to treatment groups was 0.086 with

a standard deviation of 0.287 (based on 34 effect sizes), and the mean
effect size generated in studies which utilized the nonrandom allocation
of subjects to experimental groups was -0.320 with a standard deviation

of 0.522 (based on 4 effect sizes).

The curriculum areas of general science, physical science, biology,

and physics formed the bodies of scientific expertise which were utilized
in the evaluatjon of this system. Both general science and .physical science
generated positive but small mean effect ?izes (0,092 and 0.096 respective-

1y}, whe}eas biology and physics generated negative mean effect sizes

(0,049 and -0.160 respectively), All effect sizes in this subsection
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— . derived from the immediate eva1uat1on of exper1menta1 effects on the conclu-

§1on of the exper1ment

The mean effect size for cognitive outcomes was 0,022 with a standard
deviation of 0.355 (based on 33 effect sizes) and these effect sizes con-
stituted the bulk of the effect sizes apparent in this subsection of the
meta-analysis. In those studies which made use of published test materials,
7 effect sizes were generated with a mean effect size of 0,020 and a stand-
ard deviation of 0.119. A1l other studies in this area made use either of
modified published test materials or investigator-authored test mater§a1s,
and registered a mean effect size of 0,063 with a standard deviation of
0.379 (based on 3§lefféct sizes), Those effect sizes which were able to
be ca1cu1atéd from raw data reported in the studies themselyes produced a
mean effect size of 0.018 with a standard deviation of 0.428 (12 effect
sizes); of the remaining 28 effect sizes, 23 were produced by transforma-

tion of reported statistics and this group gave rise to a mean effect size

of 0,066 with a standard deviation of 0.341.




i
By Year of Publication
1957 0,060
1960 0,110
1964 0,090
1968 . 0,208
1969 0,205
1970 -0,387
1971 0.028
By Form of Reporting
Journal article 0.110
Dissertation 0,026™

By

Unpublished article 0,110

Grade Level of Subjects

0,393
-0,253
0,058
-0,007
0.197
-0,118
0.180
0,045
0,090
-0,120

NW N B WA —

—

Validity of Design

Random 0.285
Matched & Intact
Random 0,086

Nonrandom -0,320

TELEVISION INSTRUCTION

Standard

Deviation

0.000
0.157
0.115
0,310
0.188
0.618
0,366

0.194
0.41
0,157

0,012
0.280
0,524
0.187
0,135
0.666
0.000
0,120
0.143
0.000

0.686

0,287
0,522

Table 23

.8

s.d

=
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0,055 .

0,347
40

- Standard
A Deviation

By Subject Matter

General Science 0,092 0,342

Physical Science 0,096 0,159

Biology -0,049 0.495

Physics. . -0,160 0,057
By Immediate or Retention

Immediate 0,055 0.347
By Type of Qutcome Criterion

Cognitive 0.022 0.355

Affective -0,120 0.000

Science Methods 0,173 0,087

Critical Thinking 0.150 0,000

Creativity 0,770 0,000
By Method of Measurement (Instrument)

Published 0,020 0.119

Modified published

& Ad hoc 0,063 0.379°

By Calculation of Effect Size

From raw data 0,018 0,428

By direct calculation 0,066 0,341

Less trustworthy 0.096 0,159

By Source of Means

Unadjusted posttest 0,018 0,428
Covariance adjusted 0,144 0.171
Pre-post differences 0,041 0,372
Other -0,040 0,000

N~ OO

40

%72¢

i
12 l
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12
9
18
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j Fiim Based Instruction. Studies evaiuated under the film based instruc-

~“tion subsecticn of the meta-analysis generated a total of 58 effect sizes

with a mean effect size of -0.065 and a standard deviation of 0,378, The

effect sizes were derived from studies reported between the years of 1950

"and 1973 with the maximum mean effect size occurring in 1952 (1.059) and

the minimum mean effect size occurring in 1962 (-0.558)--no obvious trend
is apparent in the data. The mean effect size for studies reported in
journals wgs -0.047 with a standard deviation of 0.440 (based on 27 effect
sizes) whereas the mean effect size for studies reported in dissertations
was -0.026 with a standard deviation of 0.311 (based on 19 effect sizes),
reversing the trend apparent in other sections of the meta-analysis.

| Thé subjects who formed the basis of the experimental and control groups
in the evaluation of the film based instructional system were drawn from
érades 5, 7, and 9 through 12, with the bulk of the effect sizes being
obtained in grades 11 and 12, The minimum mean effect size of -0.268 with
a standard deviation of 0.288 (based on 24 effect sizes) was obtained in
grade 12 and the maximum mean effect size of 0,390 with a standard devia-
tion of 0.445 (based on 6 effect sizes) was obtained in grade 10; no
obvious trend is apparent in the data.

Studies whose groups were generated by random allocation of subjects
produced a mean effect size of -0.283 with a standard deviation of 0.407
(based on 11 effect sizes) whereas those studies which utilized matched
allocation of subjects or the random allocation of intact groups produced
4 mean effect size of 0.000 with a standard deviation of 0.107 (based on 7

effect sizes), The remaining 40 effect sizes were produced in studies which

utilized a nonrandom allocation procudure and these effect sizes have a mean

of -0.016 with a standard deviation of 0.385.

<>
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Curriculum areas addressed under the heading of film-based instruction
ere jéheraf scfehcé,—bioiégy, chemistry, physics, and other, with the
minimum mean effect size of -0.287 with a standard deviation of 0.298
(based on 25 effect sizes) occurring in physics,ﬂgﬁd the maximum mean

effect size of 0.323 with a standard deviation of 0.414 (Based on 8 effect

sizes) occurring in biology. Of the 58 effect sizes appertaining to film-

based instructional systems, 55 possessed codings as to the immediate or

delayed nature of their effects; the remaining 3 effect sizes were uncoded

on this variable. Forty-three effect sizes were derived from the immediate

evaluation of educational outcomes and these immediate effect sizes gave

rise to a mean effect size of -0,051 with a standard de&iation of 0.399,

whereas the mean effect size based on delayed measurement of educational‘

outcomes was -0.133 with a standard deviation of 0.347 (based on 12

effect sizes). 3

The mean effect size for film-based instructional systems based on )

cognitive outcome criteria was -0.055 with a standard deviation of, 0.416

(based on 40 effect sizes) and the mean effect size based on affective

outcome criteria was -0.103 with a standard deviation of 0.309 (based on

15 éffect sizes). Those studies which made use of published test materi-

als in their evaluation of treatment effects generated a mean effect size

of -0.084 with a standard deviation of 0,377 (based on 42 effect sizes),

while all other effect sizes in this subsection made use of either modified

published test materials or jnvestigator—authored test materials and gener-

ated a mean effect size of -6.014 with a standard deviation of 0.390. Of

the 58 effect sizes, 28 were obtained from raw data contained in the studies ‘
|
|
|
|
|
|
|

themselves and the mean effect size thus obtained was -0,101 with a stand-

ard deviation of 0.308. The mean effect size obtained from the 21 effect

24
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sizes derived from studies which reported their outcomes as a statistic

" or éroup of st&tisticsiwas 0.044 with a standard deviation of 0.488.




By Year of Publication

1950
1951
1952
-1956
1957
1959
1960
1961
1962
1963
. 1964
1966
1969
1972
1973

By Form of Reporting
Journal article
Dissertation
Unpublished article

Table 24

By Grade Level of Subjects

FILM BASED INSTRUCTION
A = -0,065
s.d, = 0,378
N= 58
- Standard - Standard
A Deviation N A Deviation
By Validity of Design
0.250 0.014 2 Random -0,283 0,407
0.870 0.495 2 Matched & Intact
1.050 0,000 1 Random 0,000 0,107
0.035 0.050 2 Nonrandom -0,016 0,385
-0,010 0.000 1
-0.194 0.334 8 By Subject Matter
0.013 0,180 3 General Science 0,090 0.244
-0.198 0,231 19 Biology 0,323 0.414
-0,558 0,195 4 Chemistry -0,009 0,324
-0,183 0.320 4 Physics -0,287 0,298
0,143 0,327 3 - Ot-her-- 0.125 0,460
0,155 0.106 2
0.265 0.021 2 By Immediate or Retention
0.040 0.114 3 Immediate -0, 051 0.399
-0.130 0.481 2 Retention -0,133 0,347
By Type of Outcome Criterion

-0.047 0.440 27 Cognitive -0,055 0.416
-0.026 0.3N 19 \ Affective -0,103 0.309
-0,166 0.335 12 Scigﬁée Methods -0.100 0,000

: ‘Psychomotor -0,080 0,000

Critical Thinking 0,170 0,000
0,013 0.329 4
0.180 0.000 1 By Méthod of Measurement (Instrument)
0.146 0.190 5 Pubiished -0.084 0,377
0.390 0.445 6 Modified published
0.007 0.327 17 & Ad hoc -0,014 0,390
~0.268 0.288 24
(continued)
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Film Based Instruction, continued

\
- Standard - Standard
T A Deviation N A Deviation N
By Calculation of Effect Sizes By Source of Means
From raw data -0,101 0,308 28 Unadjusted posttest -0,044 0,386 26
By direct calculation 0,044 0,488 21 Covariance adjusted -0.149 0.274 17
Less trustworthy -0,204 0,219 9 Pre-rost differences 0,125 0,503 10

Other ~-0,262 0.260 5
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Pergona]ized System of Instruction. The studjes assessed in this meta-
analysis which purported to evaluate the éfficacy of the personaiized system
of instruction‘had a mean effect size of 0.603 with a standard deviation of
0.423 and there were 15 effect sizes in all. The studies appropriate to
this system were reported in the years 1971, 1974, and 1977, and in each of

the years the mean effect sizes were 0,857, 0.403, and 0,368 respectively.

__ - ——-Effect sizes -generated from studies reported in journals gave rise to
a mean effect size of 0.713 with a standard deviation of 0,500 (based on 9
effect sizes) and those derived from studies reported as unpublished arti-
cles gave rise to a mean effect size of 0.403 with a standard deviation of

) 0.280 (based on 3 effect sizes). The-mean effect size derived from studies
reported at conferences was 0.473 with a standard deviation of 0,194 (based
on 3 effect sizes). This supports the trend evidenced earlier that mean
effect sizes reported in journal artic1e§ tend, on the whole, to be larger
than those reported elsewhere, Studies pertaining to the personalized sys-
tem of instruction were carried out in grades 5, 8, and 11, and the maximum
mean effect s%ze of 0.857 was obtained in grade 8. "

Studies which utilized the random allocation of subjects to experimental

and control groups generated a mean effect size of 0.742 with a standard
deviation of 0.434 (based on 10 effect sizes), studies which utilized the
matched allocation or the random al]ocat%on of intact groups gen~rated a
mean effect size of 0.403 with a standard deviation of 0,280 (based on 3
effect sizes), and studies which made use of the nonrandom allocation of
subjects to groups generaéed a mean effect size of 0.210 with a standard
deviation of 0.184 .(based on 2 effect sizes). The subject matter areas of

general science, biology, and chemistry were used as curriculum areas in

the evaluation of the personalized system of instfuction, and the maximum

Q 24




effect size of /0.857 was obtained in biology. A1l 15 of the effé;t sizes
in this subsection were generated by the evaluation of educational outcomes
immed}ate1y on completion of the interventions,

The mean value of effect sizes generated by the use of cognitive out-
come Criteria Was 0.493 with a standard deviation of 0.300 (based on 7
effect ;izes) and the mean value of effect sizes generated by the use of
affective outcome criteria was 0.515 with a standard deviation of 0.446
(based on 2 effect sizes).

Studies which made .use of published test materials in their evaluation
of experimental and control group effects produced a mean effect size of
0.713 with a standard deviatio; of 0,500 (based on 9 effect sizes) while
studies which made use of modified published test materials or investigator-
authored materiais produced a mean effect size of 0.438 with a standard
deviation of 0.219 (based on 6 effect sizes). In the case of the 6 effect
sizes which were calculated directly from raw data reported in the studies,
the mean value was 0.438 with a standard deviation of 0.219, whereas the
mean value of the 7 effect sizes obtained by transformation of reported

statistics was 0.857 with a standard deviation of 0.467.

N\




Table 25
PERSONALIZED SYSTEM OF INSTRUCTION (PSI)

A= 0,603
s,d, = 0,423
N=15
Standard Standard
Deviation ) \ Deviation
\ By Year of Publication By Type of Outcome Criterion
1971 0.857 0.467 7 Cognitive 0,493 0.300 7
1974 0.403  0.280 3 Affective 0.515 0.446 2
1977 0.368 0.219 5 Science Methods - 1,235 0,714 2
Critical Thinking 0.890 0,000 1
By Form of Reporting Logical Thinking 0.403 0.280 3
Journal article 0.713 0.500 9 <
Unpublished article 0.403 0.280 3 By Method of Measurement (Instrument)
Conference paper 0.473 0.194 3 Published 0.713 0,500 9 N
’ . . Modified Published X
By Grade Level of Subjects g & Ad hoc : 0.438 0.219 6 :
5 0,403 0,280 "3
8 0.857 0.467 7 By Calculation of Effect Size
1N 0.368 0.219 5 From raw data 0.438 0.219 6
By direct calculation 0,857 0,467 7
By Validity of Design Less trustworthy 0.210 0.184 2
Random 0.742 0,434 10
Matched & Intact By Source of Means
Random 0.403 0.280 3 Unadjusted posttest 0.381 0.224 8
Nonrandom 0.210 0,184 2 Covariance adjusted 0,857 0,467 7
By Subject Matter
General Science 0.403 0,280 3
Bielogy 0.857 0,467 7
Chemistry 0.368 0.219 5
By Immediate or Retention f
* Tmmediate 0,603 0.423 15
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Programmed Instruction. The 52 effect sizes which were collected under

the umbrella of programmed instruction had a mean value of 0,174 with a
standard deviation of 0.475. Studies appropriate to this area were reported
in the years between 1961 and 1973 inclusive, and the mean effect sizes range '
from -0.200 in 1967 to 0.806 in 1961; no obvious trend is apparent in the
data. The pattern recognized earlier concerning the mean effect sizes der-
ived from studies reported in journals as oppbsed to studies reported in
dissertations is repeated here. For effect sizes derived from journpals,

the mean effect siZe  was .301 with a standard deviation of 0.448 (based
on 7 effect sizes) while the mean effect size dérived from studies reported
in dissertations was 0.154 with a standard deviation of 0.480 (based on

45 effect sizes). Effect sizes were obtained from grades 4 and 6 through

12 with the maximum mean effect size of 1.07 occurring in grade 12 and the
minimum mean effect size of -0,415 occurring in grade 8.

Studies which made use of random allocation of subjects to experimental
and control groups produced a mean effect size of 0.173 with a standard
deviation of 0.413 (based on 15 effect sizes), effect sizes derived from
studies which made use of matched allocation or the random allocation of
intact groups gave rise to a mean effect size of 0,186 with a standard
deviation of G.467 (based on 31 effect sizes), and studies which made use
of nonrandom assignation gave rise to a mean effect size of 0.113, with a
standard deviation of 0.710 (based on 6 effect sizes). General science,
life science, physical science, biology, chemistry, and physics were the
curriculum areas addressed under this system, The minimum mean effect
size of -0.065 was obtained in general science and the maximum mean effect
size of 0.533 was obtained in physics,

Of the 52 effect sizes reported in this area, 40 addressed the question
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of immediate experimental effects and these immediate effect sizes had a
mean value of 0.260 with a standard deviation of 0.497, Eight effect
sizes addressed the question of delayed experimental effects, and these
effect sizes had a mean value of -0.113 with a standard deviation of 0.276,
thus supporting the trend evidenced eaf]ier in other subsections of the
meta-analysis. A .

Studies which made use of published test materials gave rise to a mean
effect size of 0.258 with a standard deviation of 0.394 (based on 10 effect
sizes) whereas studies utilizing hodified published test materials or
investigator-authored test materials had a mean effect size of 0.154 with
a standard deviation of 0.494 (based on 42 effect sizes). In those cases
in which cognitive outcome criteria were used, the mean effect siie was
0.173 wifh a standard deviation of 0.479 (based on 51 effect sizes). The
mean effect size‘obtained from studies which reported their raw data was
0.173 with a standard deviation of 0.485 (based on 43 effect sizes) while
the mean effect size obtained from those studies which reported their
outcomes as on; or more common -statistics was 0.373 with a standard devi-

ation of 0.420 (based on 6 effect sizes).
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Table 26
PROGRAMMED INSTRUCTION
A =0,174
s.d, = 0,475
N =52
- Standard ' - Standard
A Deviation N A Deviation N
By Year of Publication Subject Matter
196] 0.806 0.438 5 General Science -0, 065 0.342 10
1963 0,190 0,651 2 Life Science 0.430 0.000 1
1964 0,403 0,195 3 Physical Science 0.148 0.161 4
1965 0,047 0,133 3 Biology 0,055 0.424 12
1966 0.040 0.236 7 Chemistry 0.29 0.550 22
1967 -0,200 0.400 3 Physics 0,533 0.516 3
1968 0,088 0.494 6 .
1969 0.265 0.021 2 Immediate or Retention N
1970 -0.046 0.495 8 Immediate 0.260 0.497 40 o
197 0,013 0.310 7 Retention -0,113 0.276 8
1972 0,767 0,430 3
1973 0,173 0,780 3 Type of Outcome Criterion
Cognitive 0,173 0.479 51
By Form of Reporting Affective 0,200 0.000 1
Journal article 0.301 0,448 7
Dissertation 0,154 0.480 45 By Method of Measurement (Instrument)
Published 0,258 0.394 10
By Grade Level of Subjects Modified published
4 -0,030 0,014 2 & ad hoc 0,154 0.494 42
6 -0,070 0.521 7
7 0,023 0.342 4 Calculation of Effect Size
8 -0,415 0.205 2 From raw data 0.173 0,485 43
9 0,216 0,207 - 5 By direct calculation 0,373 0,420 6
10 0.253 0,276 N Less trustworthy -0,207 0,140 3
11 0,270 0,570 20
12 1,070 0,000 1 Source of Means
Unadjusted posttest 0,242 0.495 30
By Validity of Design Covariance adjusted -0,003 0,477 3
Random 0.173 0.413 15 Pre-post differences 0,095 0.446 19
‘ Matchgd & Intact 0 186 0.467 ‘31 ’
» vedp Random . . 0.
Nonrandom 0.113 0.710 6 R ?
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Branched Programmed Instruction. The branched programmed instructional

r—

system gave rise to 5 effect sizes with a mean effect size of 0.210 and a

standard deviation of 0.798. The studies were reported in the years 1968,
1971, and 1372, with the maximum mean effect size of 1.230 being derived
in the year 1972 and the minimum mean effect size of -0.400 being obtained
in 1971. Again, we note that the mean effect size derived from journal
antries (1.230) was larger than the mean effect size derived from studies
repgttgd,in-dissertations (-0.045),

Studies which made use of the random allocation of subjects to experi-
mental and control groups produced a mean effect size of 0.143 with a
standard deviation of 0.941 (based on 3 effect sizes), and the mean effect
size obtained from studies which made use of either the matched allocation
of subjects or the random allocation of intact groups of subjects was 0.310
with a standard deviation of 0.863 (b&sed on 2 effect sizes). All effect

\sizes were obtained in the curriculum area of chemistry and were based on
cognitive outcome easures, although 3 effect sizes were appropriate to the
immediate evaluation of intervention effects and had a mean of 0.590 with a
standard deviation of 0.854 and the remaining 2 effect sizes addressed the
question of delayed effects and had a mean of -0.360 with a standard devi-

ation of 0,085,
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A

By Year of Publication

1968 0,310

1971 -0,400

1972 1,230
By Form of Reporting

Journal article 1.230

Dissertation * -0,045
By Grade Level of Subjects

11 0,210
By Validity of Design

Random 0,143

Matched & Intact

Random 0,310

2y Subject Matter

Chemistry 0,210
By Immediate or Retention

Immediate 0.590

Retention -0,360

By Type of Qutcome- Criterion
Cognitive 0,210

——— Table 27
BRANCHED PROGRAMMED INSTRUCTION

A= 0,210
s.d. = 0.798
N=275
Standard - Standard
Deviation N A Deviation

By Method of Measurement {Instruments)

0.863 2 Modified published &
- 0,028 2 ad hoc ” 0,210 0,798
0.000 1
By Calculation of Effect Size
0.000 1 From raw data 0,270 0,798
0,645 4

By Source of Means
0.798 5 Unadjusted posttest -0,400 0.028
Pre-post differences 0,617 0,809

0,941 3
0,863 2
0.798 5
0.854 3
0,085 2

0,798

w N
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Linear Programmed Instruction, Forty-seven ef&ect sizes were obtained

in this area and had a mean of 0,170 with a standard deviation of -0.441,
The'stuqies from which these effect sizes were drawn were reported between
1961 and 1973 and the mean effect sizes ranged in magnitude from -0.200 in
1567 to 0.866 in 1961, with no obvious trend being apparent in the.data. -
Effect sizes derived from studies reported in journal articles had a mean
effect size of 0.147 with a-standard deviation qf 0.199 (based on 6 effect
sizes) whereas the mean effect size derived from studies reported in disser-
tations had a mean effect size of 0.173 with a standard deviation of 0.467 -
(based on 41 effect sizes). ’The samples of subjects which were used }n

the evaluation of 1inear programmed instructional systems were drawn from
grades 4 and 6 through 12, with the minimum mean effect size of -0.415 being
obtained in grade 8 and the:quimum mean effect size of 1,070 being obtained
?n grade 12; no obvious trend is apparent in the data.

Studies which made use of the random allocation of subjects to groups
generated a mean effect size of 0.)80 with a standard deviation of 0.236
(based on 12 effect sizes), studies which made use of the matched éﬁloca—
tion or the random allocation of intact groups generated a mean effect size
of 0.178 with a standard deviation of 0.454 (based on 29 effect sizes) and
studies which utilized a nonrandom assignation process generated a mean
effect size of 0.113 with a standard deviation of 0.710 {based on 6 effect
sizes).

In all, 6 separate curriculum areas were utilized in‘the evalﬁation of
the effeptiveness of linear programmed instructional systems, with the
maximum mean effect size of 0.533 occurring in physiés and the minimum mean
effect size of -0.065 occurring in general science. ?hirty-seven effect

sizes addressed the question of immediate evaluation of experimental and

o
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control group effects, and had a mean effect size of 0.234 with a standard

deviation of 0.467 and 6 effect sizes addressed the question of delayed
intervention effects and had a mean effect size of -0.030 with a standard
deviation of 0.269. Forty-six out of the ;7 effect sizes made use of
coéﬁifive outcome criteria and had a mean effect size.of 0.169 and a
standard deviation of 0,446. The mean effect size obtained from studies
which made use of published test materials was 0,258 with a standard devi-
ation of 0.394 (based on 10 effect sizes) and the mean effect size obtained
from studies which madé use of either modified published test mafefia1s or

investigator-authored test materials was 0.146 with a standard deviation

of 0.455 (based on 37 effect sizes).
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Table 28 : -
LINEAR PROGRAMMED INSTRUCTION
A= 0,170
s.d., = 0,441
N = 47
| + Standard Standard
B Iy Deviation N A Deviation N
By Year of Publication By Validity of Design .
1961 0,806 0.438 5 Random 0,180 0.236 12
1963 0.190 0,651 2 Hatched & Intact ’
1964 0.403 0,195 3 Random 0,178 0.454 29
1965 0,047 0.133 3 Nonrandom 0,113 0.710 6
1966 ~0,040 0.236 7
1967 -0.200 0.400 3 By Subject Matter .
1968 -0,023 0.331 4 General Science -0,065 0.342 10 o
1969 0.265 0,021 2 Life Science 0.430 0.000 1 ~
’ 1970 -0.046 0.495 8 Physical Science 0,148 0.161 4 ©
¥( 1971 0.178 0.158 5 Biology 0.055 0.424 12
N 1972 0.535 0.219 2 Chemistry 0,315 0,485 17
~ 1973 0.173 0.780 3 Physics 0.533 0.516 3
By Form of Reporting By Immediate or Retention
Journal article 0.147 0.199 6 Immediate 0.234 0.467 37
. Dissertation 0.173 0.467 41 Retention -0,030 0.269 6
By Grade Level of Subjects By Type of Outcome Criterion
q -0.030 0.014 2 Cognitive 0.169 0.446 46
6 -0.070 0.521 7 Affective ’ 0,200 0.000 1
7 0.023 0.342 4
8 -0.415 0,205 2 By Method of Measurement (Instruments)
9 0.216 0.207 5 Published 0.258 0.394 10
10 0,253 0,276 N Modified published
1 0.290 0.508 15 & ad hoc 0.146 0.455 37
12 1.070 v.000 1
N )
Btll_ X lul) “

(contihued)




4
From Calculation of Effect Siz:
From raw data 0.168
By direct calculation 0.373
Less trustworthy -0,207

Linear Programmed Instruction, continued

Standard

Deviation

0.445
0,420
0.140

1=

> Y OO

(53]

By Source of Means

Unadjusted posttest 0.288

Covariance adjusted -0.003
Pre-post difference -0.003

Standard

Deviation

0.480
0.477
0.295

|=
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Self-Directed Study. Twenty~seven effect sizes were obtained from

studies which purported to investigate the effects of self-directed study;
these effect sizes had a mean value of 0.078 and a standard deviation of
0.375. The studies were reported in the years between 1968 and 1975, with
the minimum mean effect size of ~0.,310 being derived from studies in 1971
and the maximum mean effect size originating from studies reported in 1975
(0.507). The trend concerning the relative magnitudes of mean effect sizes
derived from studies reported in journals and dfgsertations, which has been
referred to earlier in other areas of this meta-analysis, is again evidenced
here; the mean effect size derived from studies reported’in journals was
0.138 with a standard deviation of 0.54?‘(based on 4 effect sizes) whereas
the mean effect size derived from studies feported in dissertations was
-0.010 with a standard deviation of 0.328 (based on 19 effect sizes).
Subjects who participated in the studies summarized here were drawn from
gn%des 4, 5, 7, and 9 through 12, with the minimum mean effect size of
-0.185 being obtained in grade 11 and the maximum mean effect size of 0.500
being obtained in grade 10; no obvious trend is apparent in the data.

Twelve of the 27 effect sizes considered here derived from studies which
made use of the random allocation of subjects to experimental and control
groups, and the mean effect size thus obtainad was 0.107 with a standard
deviation of 0.436. The remaining 15 effect sizes were obtained from stud-
ies which made use of either the matched allocation of subjects to experi-
mental groups or the random allocation of intact groups, and the mean effect
size in this case was 0,055 with a standard deviation of 0.334.

The curriculum areas of general science, biology, earth science, chemis~
try, and physics were used as content areas ih the studies appropriate to

this system. The minimum mean effect size of -0.047 was obtained in

‘<
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chemistry and the maximum mean effect size of 0.200 was obtained in general

science. Twenty of the effect sizes collected here were intended to eval-
uate treatment effects immediately on con;Tusion of the intervention, and
these effect sizes had a mean value of 0,095 with a standard deviation of
0.396. The mean effect size for delayed effects was -0.050 with a standard
deviation of 0.523 (based on 2 effect sizes). Five effect sizes were
uncoded on this variab1e;

In studies which made use of published test materials in order to
evaluaie the outcomes of the investigation, the mean effect size was 0.088
with a standard deviation of 0.392 (based on 16 effect sizes) while studies
which made use of modified published test materials or investigator-authored
test materials produced a mean effect size of 0.065 with a standard devia-
tion of 0,368 (based on 11 effect sizes). The mean effect size for cognitive
outcome criteria was -0.018 with a standard deviation of 0.341 (based on 16
effect sizes) and the mean effect size for affective outcome criteria was
-0.097 with a standard deviation of 0.458 (based on 3 effect sizes). In
those cases in which it was possible to generate effect sizes directly from
reported raw data, the mean effect size thus obtained was 0,079 with a
standard deviation of 0.348 (based on 20 effect sizes). in the case of
effect sizes generated by transformation of reported statistics the mean
effect size obtained was 0.495 with a standard deviation of 0.530 (based

on 2 effect sizes],




- ) Table 29

SELF-DIRECTED STUDY
A = 0,078
s.d, = 0,375
N =27
Standard Standard
A Deviation N A Deviation N
By Year of Publication By Subject Matter
’ 1968 0,050 0,140 3 General Science 0.200 0.263 7
1970 0,505 0,262 2 Biology 0.172 0.479 6
1971 -0,310 0,208 4 Earth Science 0.000 0.000 1
1972 -0,067 0.271 7 ~ Chemistry -0,047 0.355 10
1973 -0,275 0.106 2 Physics : 0,050 0,570 3
1974 0,282 0,325 6
1975 0,507 0,376 3 By Immediate or Retention
Immediate 0.095 0.396 20 fo
By Form of Reporting Retention -0,050 0.523 2 £
Journal article 0,138 0,544 4 : .
Dissertation -0,010 0,328 19 By Type of Outcome Criterion
Unpublished article 0.403 0,280 3 Cognitive -0,018 0,341 16
‘ Conference paper 0,530 0.000 1 Affective -0,097 - 0,458 3
' ‘ Science Methods -0,110 0.000 1
By Grade Level of Subjects Critical Thinking 0.170 0.000 1
4 0,040 0,000 . 1 Creativity 0,495 0.530 2
5 . 0.403 0.280 3 Logical Thinking 0.403 0.280 3
7 0.050 0.140 3 Self-Concept 0.420 0,000 1
9 0.008 0.371 5 :
10 ) 0.500 0,342 4 By Method of Measurement (Instrument)
N -0,185 0,208 8 Published 0,088 0.392 16
12 0,050 0,570 3 Modified published ’ '
. & ad hoc 0,065 0,368 11
By Validity of Design .
Random K 0.107 0,436 12
Matched & Intact
Random 0.055 0,334 15
(continued)
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By Calculation of Effect Size

From raw data 0,079
By. direct calculation 0,495
Less trustworthy -0,092

Sel f-Directed §tudy, continued

Standard

Deviation N
0.348 20
0.530 2
0.386 5

By Source of Means

Unadjusted posttest 0,063
Covariance adjusted ~0,275
Pre-post differences 0.027
Other 0,507

Standard

Deviation

0.374
0.106
0.315
0,376
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Source Papers. Studies which purported to investigate the use of source

papers as an instructional system yielded 13 effect sizés; thg mean effect
sizé was 0.142 with a standard deviaéion of 0,206, The studies concerned
were reported in 1962 and 1966, with mean effect sizes of 0,136 and 0.163
respectively. A1l studies were reported as diisertations.

The study reported in 1962 drew its subjects from grade 10 and the
curriculum area utilized was that of 1ife science, whereas the study repor- .
ted in 1966 drew its subjects from grade 7 and the curriculum area utilized
Qas genéra1 science. All effect sizes addressed the quesiion of interven-
tion effects immediately on conclusion of the intervention. Where cognitive
Ardutcéme criteria were utilized, the mean effect size was 0.142 with a
standard deviation of 0.171 (based on 9 effect sizes), and where affective

outcome criteria were'uti1ized, the mean effect size was -0.190.




Table 30 N

SOURCE PAPERS
A= 0,142
s,d, = 0,206
N=13
Standard i Standard
A Deviation N Iy Deviation N
By .Year of Publication : By Immediate or Retention
1962 0.136 0,199 10 Immediate 0.142 0,206 13
1966 ‘ 0,163 0.274 3
\ By Type of Outcome Criterion
By Form of Rep>rting ' Cognitive " 0,142 0.171 9
Dissertation 0,142 0,206 13 Affective -0,190 0.000 1
Science Methods 0,253 0,253 3
By Grade Level of Subjects .
7 0,163 0.274 3 By Method of Measurement (Instrument)
10 0,136 0.199 10 PubTished 0.183 0,220 10
Modi fied published
By Validity of Design & Ad hoc 0,007. 0.006 3
Random 0.163 0.274 3 . 5
Matched & Intact By Calculation of Effect Size .
Random 0,136 0,199 10 By direct calculation 0.163 0.274 3
Less trustworthy 0,136 - 0,199 10
By Subject Matter ,
General Science 0,163 0.274 3 By Source of Means
Life Science 0.136 0.199 10 Pre-post differences 0,142 0,206 13
2 ' : 2 ,‘ 1}

Ly




a

: 248 * \ \

>

\ Student Assisted Instructional System. The meén value of the B effect
. \

sizes obtained in the evaluation of this system was 0,088 with a standard
*deviation of 0.171, and all effect sizef»werevébt;ined jh the year 1971,
The mean effect size derived from studies reported as journal articles
was 0.048 with a standard deviation of 0.205 (based on 4 effect sizes),

- e 2 .
whereas the mean effect size derived from studies, reported as dissertations

-
-~

was 0,170 with a standard deviation of 0.014 (baééd‘on 2 effect sizes).

.« ®

A1 effect sizes were derived from studies utilizing the general science
curriculum area and in all case§\0n1y the immediate evaluation ¢f the inter-
vention effects was addressed. \ o
in the case of, cqgnitivé outcome criteria, the mean effect size was
0.105 wi;h‘a standard deviation of 0.352 (based on 2 effecg sizes), and in

the case of affective outcome criteria, the mean effect sizq was 0,170 with

a standard deviation of 0.014 (based on 2 effect sizes).
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i
By Date of Publication
1971 0.088
By Form of Reporting
Journal article 0.048
Dissertation 0.170
By Grade Level of Subjects
5 0.048
6 0.170
By Validity of Design
Random 0,048
Nonrandom 0.170
By Subject Matter g
General Science 0.088

Standard

Deviation

0.171

0.205
0.014

Table 31
STUDENT-ASSISTED INSTRUCTIONAL SYSTEM

A

s.d

N B

N B

= e

nonon

0.088
0.171
6

- Standard
A Deviation
By Immediate or Retention
Immediate 0.088 0.171
By Type of Qutcome Criterion
Cognitive 0.105 0.332
Affective 0,170 0.014
Critical Thinking 0.020 0,000
Creativity -0.040 0,000
By Method of Measurement (Instrument)
Published -0,050 0.076
Mouified published
& Ad hoc 0.227 0,099
By Calculation of Effect Size
By direct calculation 0,088 0.171
By Source of *7ans
Unadjusted posttest 0,048 0.205
Pre-post differences 0,170 0.014
5

N
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Team Teaching, Forty-one effect sizes were obtained in this subsection

o¥ the meta-analysis producing a mean effect size of 0.058 with a standard

deviation of 0.378. Studies were reported between the years 1961 and 1980

with a large proportion being reported in 1962 and 1963; the minimum effect

size of -0,365 was obtained in 1966 and the maximum mean effect size of

0,730 was obtained in 1976. The ﬁean effect size obtained from studjes

reported in journals was 0,190 with a standard deviation of 0.357 (based on

8 effect sizes) and the mean effect size derived from studies reported in

dissertations was 0.064, with a standard deviation of 0.347 (based on 26

effect sizes), supporting the trend n?ted earlier, The grade level of the

subjects concerned ranged from grade é\to grade 12, with the majority of

effect sizes occurring in grade 10, The m%nimum mean effect size of -0.183

was obtained in grade 12, and the ﬁh%jmum mean effect size of 0,165 was .

was obtained in grade 7. Fourteen effect sizes weré‘derived from studies

which ﬁade use of the random allocation of subjects to experimental and

control groups? and the mean effect size in this case was ~0.004 with &

staﬁdard deviation of 0.492. In the case of matched allocation to groups

or random assignation of in%act groups, the mean effect size was 0,161

with a standard deviation of 0.313 (based on 19 effect sizes). In thoge

studies in which nonrandom allocation was utilized, the mean effect size

was -0.076 with a standard deviation of 0,238 (based on 8 effect sizes).
In all, six different curriculum areas provided the underlying content

basis fo} the evaluation.of the team teaching system, with the minimum

mean effect size of -0,490 occurring in physical science and the maximum

mean effect size of 0,295 occgrring in general science. Thirty-seven of

the effect sizes addressed the question of immediate evaluation of inter-

vention effects and the mean effect size in this case was 0.063, The
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mean effect size in.the case of retention effects was 0.035 with a standard
deviation of 0,007 (based on 2 effect sizes). Where cognitive outcome
criteria were used, 31 effect sizes gave rise to a mean effect size of
0.087 with a standard deviation of 0.409, and where affective outcome
criteria were used, a mean effect size of -0,124 with a standard deviation
of 0.235 (based on 7 cases) was registered.

Twenty-three of the effect sizes owed their origin to the use of
published test materials, and generated a mean effect size of 0.094 with a
standard deviation of 0,394, The mean effect size derived from studies
which made use of modified published test materials or investigator-authored
test materiais was 0,014, with a standard deviation of 0.361 (based on
f6 effect sizes);* In the case of the 17 effect sizes generated by studies
which reported raw data, the mean effect size produced was -0.101 with
a standard deviétion of €.374, In the case of the 9 effect sizes that

were produced by the transformation of reported statistics, the mean

oeffect size was 0.253, with a standard deviation of 0,479,




By Date of Publication

1961
1962
1963

. 1965

By

1966
1968
1969
1976
1980

Form of Reporting

Journal article
Dissertation

Unpublished article

Conference paper

0,032
0.136
0.026
0.188
-0.365
-0.208
0.470
0.730
0.020

0,190
0.064
-0,255
0.730

Grade Level of Subjects

By

b
7
9
10
1
12

Validity of Design

Random

Matched & Intact
Random

Nonrandom

0.000
0.165
0.030
0.123
0.013
-0,183

—0000‘

0.161
-0,076

Standard

Deviation

0,273
0,199
0,521
0.354
0.021
0.369
0.000
0.000
0.000

0.357
0.347
0,355
0,000

0,000
0.926
0,022
0.430
0,204
0.320

0.492

0.313
0.238

Table 32
TEAM TEACHING

.A
s.d

— ot

.N—"—-br\)m—-om

N

0.058
0,378
41

- Standard
A Deviation
By Subject Matter
General Science 0.295 0,389
Life Science 0.136 0.199
Physical Science -0.490 0.000
Biology 0,062 0.487
Chemistry -0,027 0.286
Physics -0,081 0.270
By Immedia;:\BT~Re%ention
Immediate 0,063 0,398
Retention 0,035 0,007
By Type of Outcome Criterijon
Cognitive 0,087 0.409
Affective -0,124- 0.235
Science Methods 0.183 0.177
By Method of Measurement (Instrument)
Published 0.094 0.394
Modified published
& ad hoc 0.014 0.361
By Calculation of Effect Size
From raw data -0,10i 0,374
By direct calculation 0,253 0.479
Less trustworthy 0,122 0.239
By Source of Means
Unadjusted posttest 0,083 0,507
Covariance adjusted §,060 0.095
Pre-post differences 0,021 0,270
Other 0.094 0,330

-
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Mean Effect Sizes Broken Down by Selected Variables Across Systems

On the following pages, the mean effect sizes for all systems broken
down by variables thought to be of interest are Tisted in order to facili-

tate inter-system comparison,




Table-33
Effect Sizes by Form of Reporting for Each System

s?d. Journal Disser- Unpublished Conferéence
(N) Articles tations Articles Papers
0.103 0.201 0.064 -0.034 ’ 0.508
A1 As 0.414 0.480 0.377 0,360 0,172
341) | (96) (214) (25) (6)
. 0.170 0.223 0.130
$3i83;a1 0.274 0.268 0.312
(7) (3) _(4)
0.134 1,340 -0.121 0.530
Egﬂﬁgger 0.583 0.156 0.247 . 0.000
______ S SN @3 N U ¢ = 5 SN SRR SR ¢ © R
- 0.010] 1,230 ~0,295
CAl 0.743 0.000 0.341 .
SRS NS €2 % SRR @ 0 NN N (0 Y USRI SR
0.048 -0.021 0.530
CMI 0.220 0.109 0.000
....... U D USSR NPV /0 MUY NSRS ¢ ) R
1.450 1.450
CSE 0.000 0.000
(1) (1)
0.467 0.610 0.040
Contracts 0.605 0.639 0.114
(12) [€)) (3)
Dept. ~0,090 0.080 -0.175
Elem, 0.165 0.000 0.106
School (3| - (1) (2)
Indiv. 0.174 0.405 0.102 0.450
Instr 0.459 0.519 0.422 0.113
. (131) (29) (100) (2)
“ ) 0.644 0,713 0.488
tzzﬁﬁgﬁd 0,430 0,500 . 0.161
(13) (9) (4)
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Table 33, continued

Journal
Articles

Disser-
tations

Unpublished
Articles

Conferénce
Papers

0.201
0.480

(96)

0.064
0.377
(214)

~0.034
0.360
(25)

0.508
0.172

-0.005
0.393
(37)

-0.012
0.370

-0.C97
0.320

Linear

Self-
Directed

Source
Papers

Student
Assisted

e

Team
Teaching




Table 34
Effect Sizes by Grade Level of Subjects
for Each System

A
?.g. ] 2 3 4 5 6 7 8 9 10 1 12 ?
N
0.103 | 0.524[-0,253].0,050[{-0,024| 0.121]-0.074 | 0.086] 0.315| 0.115] 0.099 | 0.152 [ 0.008
All As 0.414 {0,289 0.280| 0.479] 0.151] 0.258| 0.435| 0.293| 0.491 | 0.263| 0.406 | 0.420 | 0,548
(341) (5) ) M1 @ao (28)] (19) ] (28)] (25)| (31)} (63 (ae) | (43) 3)
Audio- 0.170 0.000] 0,040 0.160| 0.335
Tutorial 0.274 0.000{ 0,000 _ 0.375| 0.262
' 0 §§Z ) {0 0.020 Q) 0 82% 0.143 | 0,400
SRRV NN ¢ S NN NN VI A A (3) - (4) (3) (4) _
- [=6.010 " TTTTTTTYTTTTTTYTTTTTT T TTTTTTTTTTT T TTTT ITTTTTT ITTTTTT T RO R BT
CAI 0.743 0.941 | 0.552 o
SRR SO €' SNSRI FSVRRPUNN PRIl SRS SRRV INNUIIOS IR I IR IS Al..@) 1w
-TT 0.048] I N ¢ DX 7.1 ) i R R R ~0.053 | " [0.530 [ S
CMI 0.220 0.108 0.114 0.000
SRNRTRTROUY NN <: 0 AN (ROUSRRTRR RN AR NSV ¢-> % AU ISSSUU SRR ISP (U .0 I C 02 R—
3o ) e et R R A A I I 1,450
CSE 0.000 // 0.000
1) [N
0.467 0.857 |-0.255 0.040
Contracts | 0.605 0.467| 0,177 < 1 0.114
(12) (7) (2) (3)
Dept. "1-0.090 ~0.175] 0.080 , .
Elem. 0.165 0.106| 0.000 . }
School (3) ‘ (2) (1)
Indiv 0.174 0.000]=0.067+ 0.116]-0,100] 0.027] 0.404| 0,192} 0,112 0.215| 0.467
Instr. 0.459| 0.000] 0.042| 0.302]| 0.461| 0.226| 0,585| 0,328| 0,440} 0,493 0.723
nstr. (131) W] ® M @] an| Ads)| (@4)} (20| 40)| (6) B
0.644 0.857 0.368| 0.530
ﬁi;:ﬁgﬁ 0.430 0.467 0.219| 0.000
9 (13) Nl . 5)| ()
(continued) ,
(') (

2%




Table 34, continued

.
v

e

A
s.d. ] 2 3 4 5 6 7 8 9 10 1N 12 ?
(N) ,
0.103 | 0,524}-0.253| 0,050} ~0,024} 0,121{~0,074| 0.084 0,315 ©¢.115| 0,099| 0,152| 0,008
A1l As 0.414°| 0,289] 0,280 0,479{ 0.151| 0.258| 0,435 0.293 0,491 0.263| 0.406{ 0,420| 0,548
(341) ) O ] am] e8] a9 @8 N GBI (6] (76)]  (43) 3)
Media -0.023 1 0,393 }-0,253 | 0.058|-0.007 | 0.130{-0.190| 0.180{ 0.045| 0.116 | 0.39¢| 0.€07 {-0.262
Based 0.369 | 0,012 0.280 | 0.524| 0,187 | 0.228} 0.561| 0,000 0.120| 0,160 | 0,445} 0.327 | 0,284
e (200) | (34 (3L (65 (&) i (DI (2 () (114 (6] 1n | €25 L |
0.055770.393 F0.253 | 0.058 |~0,007 | 0,197 |-0.118] 0.180| 0.045 | 0.090 -0.120
TV 0.347 | 0,012 | 0,280 | 0.524| 0,187 | 0.135] 0.666{ 0.000| 0,120 0,143 0.006
e L80) L B LB (60} 6} I W @) e 4 D ]
-0.065 0,013 0.180 0.146 | 0.390 | 0,007 |-0.268
Film 0.378 0.329 0.000 0.190 | 0.445{ 0.327 | 0.288
(58) (4) (1) (5) G| AN (24)
: 0.603 0.403 0,857 0.368
PSI 0.423 0.280 0.467 0.219
(15) (3) ) {5)
Prog. 0.174 -0.030 -0,070 | 6.023]-0.415 | 0,216 | 0.253 | 0.270 | 1.070
Instr. 0.475 0.014 0.521 0.342} 0.205 | 0.207 | 0.276 | 0.570 | 0,000 _
________ 52 e LD LSt o d Dy o]
0.210 0.210
s Branched o.798 | _ 0.798
_______ U = 2 SRR SURTURNORORY SURUR SO0 IRV (USRI RSV NSRRI NURVERIVUV (VSRR NI SN ¢ NN AN NROV |
0.170 -0.030 -0.070 | 0,023 |-0,415 [ 0,216 [ 0.253 { 0.290 | 1.070
Linear | 0.441 0.014 0.521|0.342| 0,205 | 0,207 |0.276 { 0,508 | 0.000
YA (2) (1) {4) (2) L anl o as (1)
Sel f- 0.078 0,040 | 0,403 0.050 0.008 [0.500 |-0.185 | 0,050
Directed | 0:375 0.000 | 0,280 0.140 0.371 [0.342 ] 0.208 | 0.570
(27) (1) (3 (3) (5) (4) (8) (3)
0.142 0.163 0.136
gg:gﬁg 0.206 0.274 0.199
{13) (3) (10)
N 0.088 0.048 {0,170
(6) (4) (2)
0.058 0.000 | 0,165 0,030 [0.123 | 0,013 {-0.183
Team 0.378 0.000 | 0.926 0.022 |0.430 | 0.204 | 0.320
Teaching (41) @ @ (4) | (1) (6) (4)
D AN
Lo ) A I B
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Table 35 |
Effect Sizes by Validity of Design
' for Each System

Matched & -
. . . ?&3. ‘ Random ' Intact -Random Nonrandom
0.103 0,105 0.169 0,007
. . A1l As -0.414 0.454 0.405 " 0.355
° 1 (341) (117) (132) " (92)
T B DR
Tutorial ’ ’ :
(M (7 . »
0.134 0,470 0.035 ~0,053
computer | o,583| 1,000 |- 0.367 0,114
....... | aa B (8 LA
0.010 0.143 ~0.190
CAI 0.743 0,941 0,552
SRR NN €= 3 FUERRNN o) IR IR ¢ NSOt EOSSp
0.048 0,148 ~0.053
CMI 0.220 0,270 0.114
SRR N D N FEOUUIUIEVURRRUU DS C.) S I € S
R B 1 17450
CSE 0.000 0.000
(1) (1) )
0.467 0.857 -0,078
Contracts | 0.605 0.467 0,201
(12) (N (5)
’ Dept. .~0.090 -0,090
Elem, 0.165 0,165
School (3 . . (3) ’
Indiv 0.174 0.215 0,175 0,070
“ | Instr. 0.459 0.494 0,442 0,409
TR i R
" 0.644 0,742 0,53 .
tijﬁﬁ?%g 0.430 0.434 0,000 0.184
. (13) (10) 1 (2)




Table 35, continued

A
Matched &-
?&3. Random Intact Random Nonrandom
0.103 0.105 0.169 0.007
A1l As 0.414 0.454 0.405 0.355
(341) (117) (132) “(92)
Media -0,023 -0,.219 " 0.071 ~0.044
Based 0.369 0.443 0.266 0.ﬁ02
(100) (15) (41) (44)
""""" 0.0557[ ~""0.285 |~ 0.086 ] "T"20.320 |
TV 0.347 0,686 0.287 0.522
e (40) (2)_ (34) (4)
""" 200065 | 0.2 TTTITTTTOLO00 T TR0L01e T
Film 0.378 0.407 0.107. 0.385
(58) (11) (7 (40)
0.603 0.742 0.403 0.210
PSI . 0.423 0.434 0.280 0.184
(15) (a0 (3 (2)
Prog. 0.174 0.173 0.186 0.113
Instr 0.475 0.413 0.467 -~ 0,710
b 32 | a3y ___. S 2 5 N RN ) I
0.210" 07143 07310° -
Branched o, 798 0.941 0.863
RN Y M - NC N
TTTTTYTeL170° T 00180 T 0,178 - 0,113
Linear | 0.441 0.236 0.454 0,710
(47) (12) (29) (6)
Self- 0.078 0.107 0.055
Directed 0.375 0.436 0.334
(27 0(122 ' 0(15%
0.142 o1 .13
Eg‘;gf,g 0.206 0.274 0.199
(13) - ézg (10)
¢ 0.088 0 0.170
,S\‘;‘;?gggd 0.171 0,205 0.014
(6) (4) ) (2)
0.058 -0,004 0,161 -0,076
Team 0.378 0,492 0.313 0,238
Teaching (41) (14) (19) (8)
26d




Table 36

Effect Sizes by Subject Matter
for Each System

-

A . . .7
General| Life |Physical . Earth Chem- .
?&?' Science} Science{Science Biology Science| istry Physics | Other
0.103 0.090 0.155 0.134 |70.I50 0.084% | 0,145 -0,014 0.093
A1l As 0,414 0,315 0.201 0.286 0,483 0.216 0.441 0,508 0.330
(341) (100) (12) (16) (76) )] (73) (54) (3)
Audio- 0.170 0.020 0,230
Tutorial 0,274 0.028 0,311 ’
@) (2) (5
0.134 0.020 0,143 0.174
E‘g"gﬁ‘;ger 0,583  0.108 0.941 | 0.606
....... L ) e LB ]
0,010 0,143 | 0,190
CAl 0.743 0,941 0,552
SR ISR ¢ 3 FEORRN RPN A SRR SOOI NP MU G ... 2) e
0.048 0,020 | 0,064
CMI 0,220 0.108 0.279
SN W 40} S ) 150 SN ISR ISR AR R I €3
1.450 1.450
CSE 0,000 0,000
(1) (1)
0,467 0.610 0,040
Contracts | 0,605 0,639 0,114
(12) (9) (3)
Dept. -0,090] -0.090
Elem, 0,165 0,165
School (3) (3)
Indiv. 0,174 0.016 0.430 0.216 0.265 0.000 0.204 0.323 0,030
Instr 0.459 0,252 0.0Q0 0,271 0,550 0,000 0,508 0,652 0,000
’ (131) (36) ) a0 (30) D) (43 (9 1)
0.644 0.857 0,368 0.530
'L‘“;::fﬁ';ﬁ]’g 0.430 0.467 0.219 | 0.000
(13) (7) (5) (1)




Table 36, continued

General | Life Physical} ,. - Earth Chem- \
Science| Science| Science Biology Science| istry Physics
0,090 0,155 | 0.134 0,150 0,084 0,146 | -0,014
A1 As 0,315 0,201 0.286 0.483 0.216 0.441 0.508
(100) (12) (16) (76} () (73) (54)
Media 0.066 0,096 0,149 ~0,009 | ~0,277
Baced 0.328 0,159 | 0.477 \ 0,324 | 0,288
....... doee ) L Loas L as) ] (1)
0.092 0,096 ~-0.049 ~0,1.60
TV 0.342 0.159 0,495 0,057
....... .26 | s L (2) |
0,090 0.323 ~0.009 ~0,287
Film 0,244 0,414 0,324 0,298
(8) (&) (15) (25)
0,403 0,857 0,368
PSI 0,280 0.467 0,219
(3) @) (5)_ g
Prog. ~0,065 0,430 0,148 0,055 0,291 0.533
Instr, 0,342 0,000 0.161 0.424 0.550 0,516
_______ IS 1) Y AT ¢ 5 0 Y €3 Y I ¢ 5 S I Y 7 3 W ) B
. ) 0,210
Branche . 0,798
............................................ bt ]
-0,065 0,430 0,148 0,055 0,315 0,533
Linear 0,342 0.000 0.161 0,424 0,485 0,516
Kel)) (1) (4) (12) a7 (3)
Self- 0,200 0,172 0,000 | ~0,047 0,050
Directed 0,263 0.479 0,000 0,355 0,570
(7 (6) (1) (10) (3).
0.163 0,136
gg:gﬁg 0.274 | 0,199
_ (3) 10) -
Student 8‘1’3?
Assisted (6)
Q.295 0,136 ~0,490 0,062 ~0,027 ~0,081
Team 0,389 0,199 0,000 0.487 0,286 0,270
Teaching (4) (10) (L) (16) (3) (1)

19¢




Table 37
Effect Sizes by Immediate or Retention Measures

for Each System

A
s.d. | IMMEDIATE | RETENTION
N, (N)
0.103| 0,126 =0.093
A1l As 0.414 0.430 0.250
(341) (290) (33)
: 0.170] 0.223
utoria D] 3 (0)
comouter | 0134 | 0,221 -0,182
Linzed 0.583| 0.626 0,240
s} .y . (3
“““““ 70,010 0,118 ~0.,420
CAI 0.743]  ©.812 0.000
ILCDR TR 5 I S ¢
"""""" 0.048 0.085 -0, 065
CMI 0.220| 0.234 0.177
(8] . (6) o fme 2
TTTTTTTTTINAS0]T T 1.450
°E 0.000|  0.000
(1) (1) (0)
0.467] 0,522 =0.130
Contracts | 0.605| 0.603 0.000
(12) (11) (1)
Dept. -0.090| ~0.030
Elem, 0.165 0.165 .
Schonl (3) (3) (0)
: 0.174] 0.220 ~0.109
~Indiv., 0.459]  0.482 0.234
Instr. )| 108) (12)
0.644 0. 644
g (13) (13) (0)

Q

\ 4

A
z.g. IMMEDIATE | RETENTION
N .
: -0.023 | -0.009 -0.133
Egg;ﬁ 0.369 | 0.377 0.347
e (X000 4 (85) . ___12)
0.0557{ 0,055
TV 0.347. 0.347
SRR I AP N IS €11 T A () I
20,065 | ~0.051 ~0.133
Film 0.378 0.399 0,347
(58) (43) (12)
0.603 | 0.603
PSI 0.423 | ¢+ 0.423
(15) (15) (V)
0.174 | 0.260 -0,113
prog. 0.475 | 0,497 0,276
....... | (52) | o) ) (&) .
0.210 |~ "0.590 ~0,360
Branched 0,798 0.854 0.085
e | (5) b _. () I 2 __
0.170 | 0.234 -0.030
Linear | 0.441 0.467 0, 269-
ANy (37) (6)
Se" f- 0.078 0.095 "0.050
Directed | 0.375 0.396 0.523,
enl  (20) 2)
Source 0.142 0.142 ,
Papers 0.206 0.206
(13) (13) ) |l
0.088 0,088 i
igg?ggzd 0.171 | 0,171 :
(6) | (8) (0%
0.058 0.063 0,035
Team 0.378 0,398 ° 0,007
Teaching | ~(41) (37) (2)

253




Table 38
Effect Sizes by Type of OQutcome Criterion
for Each System

o

& . . Science | Psycho- | Critical| Crea- Seilf Logical
?&?’ Cognitivey Affective Methods | Motor Thinking| tivity Concept | Thinking
0.103]|  0.069 0,034 0.299 0,892 0.234 0,430 0,317 0.403
A1l As 0.414| 0,407 0,310 0.415 0.684 0.311 0,457 0.100 0.280
(341) (249) (45) | (19) (6) (1) (&) _ (3) 3
Audio- 0.170] 0.088 0,330 0,420
Tutordal | 0-274| 0.287 0,000 0000
(7) (5) 1) (1)
0.134| 0,216 | ~0.167
E?ﬂﬁ:ger 0.583] 0.618 | 0.359
e | e (1) 32 e e e e
9,610 ""0,158 [ -0.580
CAl 0.743] 0.769 0,000
SRR NN €D % S €' T N oy ] S RS | G SO
0-0481"""0.050 0,040
CMI 0.2201 0,260 0,028
....... N -0 0 SO ) J NN ¢ T NS (VRN ROVt AUUUURVREEY PRSI VS
173507 7"17450
CSE 0.000{ 0.000
(1) (1)
0.467] 0,218 030 1,235 0.530
Contracts | 0.605 0.569 0,449 0,714 0,509
(12) (5) (3) (2) (2)
Dept. -0.090| =-0,090
Elem. 0.165| 0,165
School (3) (3)
Indi 0.174] 0,118 0,160 0.428 1,165 0,325 0,495 0,365
I" . 0.459| 0,440 0,373 0,565 0.064 0,405 0,530 0,078
nstr. | 102) (10) (9) (2) (4) (2) (2)
0.644] 0,498 0,515 1.235 0,890
f:::ﬁ?ig 0.430] 0,278 0,446 0,714 0,000
N (13) (8) (2) (2) (1)

£9¢




Table 38, continued

A : - - .
- . Science | Psycho- | Critical | Crea- Self Logical
. ?ﬁg' Cognitivel Affective Methods | motor Thinking [“tivity Concept | Thinking
0.103 0.069 0.034 0.299 0.892 0.234 0.430 0.317 0.403
A1 As 0.414 0.407 0.310 0.415 0.684 0,311 0.457 0.100 0.280
(341) (249) (45) (19) (6) (7) (4) (&) (3)
Media -0.023 | -0,030 | -0,104 0.118 | -0.080 0,160 0.770
Bas ed 0.369 0.388 0.298 0.143 0,000 0,014 00086
, (100) (75) (16) | ___(5 (L (2) I C 5 A N i
"""""" 0,055~ 0.0227 [ =07120 " 0.1V TTTTTTTTTUTOL 150 | 0.770 TTTTTT
TV 0.347 0.355 0.000 0.087 0.000 0.000
_______ (40) | (33) (1) (4)_ | SV I ¢ 9 U IO ¢ T ISV N
TTT0,065 | =0L055 T TR0103 T TR0 100 TR0y T oL T T T T T
Film 0,378 0.416 0.309 0.000 0.000 0.000
(58) (40) (15) (1) (1) (1)
0.603 | 0,493 0.515 1,235 0.890 0.403
PSI 0.423 0.300 0.446 0.714 0.000 0.280
(15 (7). (2) 2) ) (3)
0.174 0,173 0,200
5;2%;. ~ | 0,473 0.479 | 0.000
_______ | 52) Lo 650 L e ]
0.210 0,210
Branched 0,798 0.798
_______ IR €= W I =) T SNSRI SO VUV SURUSVRURUUIVUON SOUVUVUNUOOU IVUUIPUPIUN KRR |
0.170 0,169 0,200
Linear | 0,441 0.446 0,000
(47) (46) (1)
sel f- 0.078 | -0,018 | -0.,097 | -0.110 0,170 0.495 0.420 0,403
Directed | 0375 0,341 0,458 0,000 0,000 0.530 0.000 0,280
(27) (16) (3} 1) (1) (2) (1) (3)
0.142 0.142 | -0.190 0.253
gg;gﬁg 0.206 | 0.171 0,000 0,253
oA 0 (9% 0 (;% = 0,020 0,040
0.083 .10 ‘0,1 . -0,
iggggggd | 071 | 0.332 | 0,014 0,000 | 0.000
(6) (2)° (2) (1) (1)
0.058 0.087 -0,124 0.183
Team 0.378 | . 0.40° 0.235 0.177
Teaching (41) (31) (7) (3)

79




‘ Table 39 %
Effect Sizes by Method of Measurement

for Each System

A .
v Modified Publ. QOther
?ﬁ?' Published- & Ad hoc < Assessment
~10.103 0.045 0.126 0.951
Al As 0.414 0.387 0,393 0.486
(341) (173) " (158) (8)
0.170 0.375 0,088
?ﬂg;ﬁ;a1 0.274 0.064 0.287
(7) (2) (5)
) 0.134 ~0.158 A 0,297
fgﬂﬁgger 0.583 0.256 |  0.661
....... SN DR NSRRI ¢ NSO BRI ) SR DO
0.010 ~0.580 0.158
CAI 0.743 9,000 0,769
S N ) 1 IS L6 N S— S8
0-048 ~0.053 0,148
CMI 0.220 0.114 0,270
SSUSUI NSV €0 0 SN €3 JUNN AN L8) e
17450 12450
CSE 0.000 0.000
(1) (1)
0.467 0.467
Contracts | 0.605 0.605
(12) (12)
Dept. ~0.090 ~0.090
Elem. 0.165 0.165
School (3) (3)
Tndiv 0.174 2.159 0,159 1,165
Ity 0,459 0,442 0,453 0.064
* (131) _(65) (64) (2)
" 0.644 0,713 0.488
tgjﬁﬁgﬁg 0.430 0.500 0.161
(13) (9) (4

§9¢




Table 39, continued

A ‘ l
. Modified Publ, Other
?ﬁ?' Published & Ad hoc Assessment }
0.103 0.045 0.126 0.951 [
A1l As 0.414 0.387 0.393 0.486
(341) (173) (158) (8)
: -0.023 ~0. 081 0.038
Media 0.369 0.351 0.381 .
_______ | _(100) | L) e )
0.053 0.020 0.063
TV 0.347 0.119 0.379
(40) (7) e $33) ]
"""" 20006571 T C-0L08% YT TR0.L014
Film 0.378 0.377 0,390
(58) (42) (16)
0.603 0.713 0,438
PSI 0.423 0.500 0,219
(15) (9) (6)
0.174 0.258 0.154
Frog. | o.rs 0.39 0.494
_______ | _52) b €20y €42) e
0.210 0,210
Branched 0,798 0,798
_______ WO ) ISR (ORI ¢ SO NSRBI
0.170 0,258 0,146
Linear | 0.441 0.394 0.455
(47) (10) &Y
Sel f- 0.078 0,088 0.065
Directed | 0+375 0.392 0.368
(27) (16) (11)
0.142 0.183 0.007
ggggﬁg 0.206 0,220 0,006
(13) - (10) (3)
- 0.088 ~0.050 0,227
audent L oam | o076 0.099 |
(6) ) (3)
0.058 0,094 0,014
Team 0.378 0.394 0.361
Teaching | (41) (23) (16)




. Table 40
Effect Sizes by Calculation of Effect Size
for Each System

Ad From By direct Less trust-
?&)’ rav data calculation | worthy methods
0.103 0.099 0.144 0,013
A1l As 0.414 0.435 0,422 0,275
(341) | - (179) (117) (45)
Audio- 0,170 0.130 0.335 0.000
Tutorial 0.274 0.312 0,262 0,000
) (7) (Z) (2) (1)
0,134 0.149 -0.145 0.530
E?ﬂﬁgze” 0.583 0.640 0. 064 0,000
JRASIN NI ) N (DN AU ¢ S S— a___..
| 0.010] Bolo T T T
CAl 0.743 0,743
RN N ) 1 JESESUURUON - SO NSRS RSN VO )
0.048 0,028 -0,145 0,530
CMI 0,220 0.Q79‘ 0,064 0,000
ST N (:) 3 S ) JN - 12 T S (0 — |
1.450 1,450
CSE 0.000 0,000 ‘
(1) (€))
0.467 -0,078 0,857
Contracts | 0.605{ 0,201 0.467 -
(12) (5) (N -
Pept. -0,090 0,080 -0,250 ~0,100
Elem, 0.165 0.000 0,000 0,000
School (3) (1) (1 (1
* 1 Indiv. 0.174 0,176 0.236 -0,032
Instr 0.459 0.476 0,469 0.258
) élgiz (12) (45) (14)
. 0,473 0,857 0,317
Haetairy | 0,430 0,19 0,467 0,226
(13) (3) (1) (3)




Table 40, continued

-

Y

sAd From | By direct Less trust-
4j&)' ravw data calculation {worthy methods
‘I 0,103 0.099 0,144 0,013
All As <] 0.414 0.435 0,422 0.275
(341) (179): 3l (117) (45)
~0.023 -0,080 0.055 ~0,097
E’:‘ilg 0.369 0. 345 0,413 0. 244
ooy | PO S I (Y N N Q4
Q.053 0.018. 0,066 0,096
TV 0.347 0.428 0,341 0.159
.......... WOy | o2y ey )
~0,065 -0,101 0.044 -0,204
Film 0.378 0.308 0.488 0,219
_(58) (28) (21) 9)
0.603 0,438 0,857 0,210
PSI 0.423 0,219 0,467 0,184
(15) _(6) ’ (@D (2)
Prog 0.174 0,173 0,373 -0,207
Inst;' 0.475 0,485 0,420 0,140
b (32) ) (83 (6 L ) I
0.210 0,210 c
Branched g,798 0,798
....... NN - 10 ISR €2 SN N YUt
0.170 0,168 0.373 ~0,207
Linear | 0,441 0.445 0,420 0,140 o
(47) (38) (6) 3
Sel - 0.078 0.079 0,495 ~0,092
Directed 0.375 0,348 0,530 0,386
i (27 (20) (2) (5)
0.142 0,163 0,136
ggg‘;ﬁi 0.206 0,274 0,199
(13) (3) a9
Student 0.088 0.088
Assisted | 0-171 0,171
(6) (6)
0.058 -0,101 0,253 0.122
Team 0.378 0,374 0,479 0,239
Teaching | (1) (17) (9) (15)




. Table 4}
Effect Sizes by Source of Means
for Each System
sAd Unadjusted Covariance Pre post Other
(ﬁ)‘ Posttest Adjusted Diy rerence
0.103 0.125 0.086 0.087 0.024
A1l As 0.414 0.448 0,387 0,382 0.358
(341) (162) (67) (93) (18)
Audio- 0.170 0,0400 0.230 0.000
Tutorial 0.274 0.0000 0,311 0,000
(7 (1) « (5) (1).
0.134 -0.174 a 0.548 0.530
computer | 0.583|  0.269 / 0.73L | 0.000
_______________ SN DS, -2 S (1)
™ R P/ R I
CAI 0.000
............................ [ L RN I
0.020 0.530
CMI 0.108 0.000
............................ 3 VNI I ¢ N
1.450
CSE 0.000
’ (1)
0.857 :
Contracts 0.467 '
(7)
. Dept. -0,010 -0.250
Elem. 0,127 0.000
School (2) (1)
Tndiv. C.174 0.176 0,198 0.150 0.190
Instr 0.459 0.514 0.467 0.412 0.330
* (131) (51) (32) (40) (8)
Mo 0.644 0.368 0.857 0.530
L'Za:ﬁ?ﬁg 0.430 0.219 0.467 0.000
(13) (5) (7) (@H)




Table 41, continued

Unadjusted Covariance Pre-post Other
Posttest Adjusted Difference
C.103 0.125 0.086 0.087 0.024
A1l As 0.414 | © 0.448 0.387 0.382 0.353
(341) (162) (67) (93) _(18)
Media ~-0.023 -0,042 -0.048 0.071 -0.225
Based 0.369 0.393 0.279 0.416 0.250
SN I ¢ 1 S 40) - 26) .t (28) ... I €3 N
0.055 0.018 0.144 0.041 . -0.040
TV 0.347 0.428 N 0.171 0.372 0.000"
e L8O | A2) &) N— (18) 2 e €9 N
~0.065 ~0.044 -0.149 0.125 -0.262
Film 0.378 0.386 0.274 0.503 0.260
(58) (26) (17) (10) ¢ (5)
0.603 0.381 0.857 .
PSI 0.423 0.224 0,467 '
(15) (8) (7N
0.174 0.242 -0.003 0.095
Prog. 0.475 0.495 0.477 0.446
Iastr. $521 (30) (3) (19) N
""""" RS T I 211 e R ¢ 1A% I A R
Branched g, 798 0.028 0.809
_______ TR € 0 U /SN NSRRI PR <:2 SN U
. 0.170 0.288 -0.003 -0,003
Linear | 0.441 0.480 0.477 0.295
(47) (28) (3) __(1A)
Self- 0.078 0.063 -0.275 0,027 ~ 0,507
Directed 0.375 0.374 0.106 0.315 0.376
N (15) (2) (7) (3)
Source 0.142 C.142
Papers 0.206 0,206
(13) (13)
0.088 0.048 0.170
igg?ggzd 0.171 0.205 0.014
(6) (&) (2)
0.058 0.083 0.060 0.021 0,094
Team 0.583 0.507 0.095 0,270 0.330
Teaching (41) (17) (3) (16) (5)
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CONCﬁUSIONS

Although it must be done with caution, it is possible to draw some
broad generalizations from the integration of research studies on science
instructional systems. The most successful innovative systems appear to
be mastery learcning (Z = .64 overall and -~ = .50 for _cognitive achievement)
and P.S.I. (C = .60 overall and Z - .49 for cognitive achievement). Specific
data on the various other outcome variables di;played in Table 6 verify that,
in adaition to being approximately one-half standard deviation better than
control groups on cognitive measures, these two systems look good on other
variable as well. On the other hand, media based systems in general appear
to pefform at a lower le;el than the traditional instruction used as the contFol
group treatment. Most of the rgmaining systems operate at a level very little

higher than the conventional instructions they have replaced; most have an

average effect size approximating 0.1 standard deviations both on outcome measures

o ¢

overall and on cognitive measures. Wben compared with conventional instruction,
instructional systems, do not show a striking advantage (. = .10) and the impact
in terms of affective méasdres is pract;cally nothing (E = .04),

Making additional broad generalizations is difficult because of the small
numbe; of effect sizes found fofr many outcome variables. In addition, the
number of different instructional systems for which there is data on a given
outcome variable is generally very small. As a resﬁlt, it is difficult to
make generalizations about instructional systems broadly, since the data
provided in this meta-analysis 1is limited to only a few instructional
systems for a particular outcome variable. In the case of three variables,

however, some generalizations may be possible.

For science methods, critical thinking, and logical thinking, the number

of effect sizes is large enough, and the diversity of teaching systems

evaluated with respect to a particular outcome variable is diverse enough,

Q *
1[£RJf:at one can say something about instruog{?gpl systems in generall A
e i N -~ N ’ -
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review of Table 10b indicates tﬁere 1s an average effect size in favor of

the iustructional system of approximately .40 for these three outcome variables.
The most important conclusions of this meta-analysis however, do not pertain

to instructional systems overall but to particular systems. The data in Table 10b

is instructive in this regard. A potential recording of data for an outcome

variable under more than one instructional system in Table 10b is not a concern

because data (whether used for another instructional system also or not) are

indicaE}va of the impact of the particular instructional system under consideration.
A related point is that meaningful interpnegation of the results of this meta-

analysis with respect to a given instructional system requires careful analysis

and examination of that system. One must know what it is aggut each system that

makes it work, and in particular what it is that the most successful systems

have iﬁ common. Such a review requires that one look at the characteristics

of the various systems and determine what makes each one successful enough to

stand out. An example of such an endeavor is meta-analysis work done in higher

education (Kulik & Kuilik, 1979) which ideptifed P.S.I. and some other instructional

systems as being useful on the college level. In their examination of these

instructional syitems, they stated that a key characteristic held in common

by these successful approaches was frequent‘testing with immediate feedback.

Wh¥Ie it is pleasir3 to see commonality between the results of the meta-analysis

reported here and the work of another researchér at the college level, the

key point to be made here is that the interpreter of these results must look

beyond simple labels or even rather extended definitions as reported in this

paper and analyze carefully what the components of each instructional system

~

are. Such careful analysis work may make it possible to identify the key

facets of instructional systems which are essential for their success. The

Y

results of such interpretive work are of value to practitioners in the field
and to researchers needing to identify the elements of instruction with the |
@ st potential for increasing learning.
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SECTION IV. STUDIES INCLUDED IM THIS REPORT
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NUMERICAL LIST OF CODED STUDIES

(For more details, see alphabetical 1ist by authors)

Number  Author Source* Measure(s) Used
2001 Anderson, C. J. 4 CHEM Study Chemistry,
Chapters 1-7
2002 Williams, W. W, 4 Comprehensive Test in Basic
Physical Science
2003 Charles, E. 4 "Ad hoc** Cloze tests
2004 Young, P. A. 4 Ad hoc Biology achievement
. 2005 Koenig, H. G. - 4 Modified Minﬁgéota High
T School Achievement Exam
;2006 Grooms, H. H. 4 Metropolitan Achievement Test
2007 Wachs, S. R. 4 Test on Understanding Science

(TOUS), Form Jx

N

" Ad hoc physics exam

Ad hoc biology exam

2008 Ward, P, E. 4 STEP Science, Form A

2009 Williams, H. R, 4 ACS~NSTA Cooperative Exam,
High School Chemistry,
Form 1961
TOUS

Thurstone Interest Schedule
Purdue Master Attitude Scale

2010 Krockover, G. H. 4 ACS Cocp. Exam, General
, Chemistry, Form 1963

TOUS, Form 2

Watson-Glaser Test of Criti-
cal Thinking

¥

Prouse Subject Preference Survey

*1=journal; 2=book; 3=master's thesis; 4=doctoral dissertation; 5=unpublished;
6=paper presented at a conference. '

**Ad hoc" indicates instruments created by the investigator for the study.

30/




2012

2013
2014
2015

2016
2017
2018
2019

2020
2021

2022

2023

Scarpino, F. L.

Moore, B, F,

Fryar, W. R.
Eshleman, W. H.
Marshall, G.

Darnowski, V. S.

McKee, R. J.

. Jostin, P, H,

Dasenbrock, D, H.

Moloteky, L. L.

Inventash, H,

Humphreys, D. W,

Stedman, C, H.
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Co-Op Chemistry Test,
Forms A, B,

Anderson-Fisk Chemistry Test,
Forms E, F,

DuBelle Student Preference
Report, Forms A, B,

Ad hoc 1ab skills test ”

Brown-Holtzman Survey of
Study Habits & Attitudes

BSCS Comprehensive Final Exam
Ad hoc, "Aquatic Life"

Ad hoc cognitive test

Ad hoc cognitive test

School midterm exams

School final exam

Ad hoc cognitive test

Ad hoc‘cognitive test

Ad hoc application test

N.Y. State Regent's Exam

Ad hoc cognitive test

Ad hoc cognitive test

Ad hoc Biol. Achievement Test
Co-0p Science Test

STEP Achievement Tests, -
Forms 3B, 3A.

TOUS
BSCS Comprehensive Exam

Ad hoc Q-sort

. Ad hoc general achievement test




2024 Turpin, G. R. 4 Ad hoc semantic:differential
. ) scale .
2025 ?hornton, W. T, 4 Ad hoc achievement test
2026 Waine, S. I. 4 Chemistry I: Atomic
Structure and Bonding
2027 Meiller, R. D, 4 Nelson Biology Test
° . Purdue Studznt Attitude Test

Dunning Physics Test
2028 Summerlin, L. R. 4 Ad hoc achievement test
2029 Wiegand, C. H. 4 Every Pupil Achievement
Test, Elementary Science,
Grades V-VITII.

2030 James, R. K. 4 Ad hoc Seventh Grade
Matter Final Exam

Metropolitan Achievement
Test--Adv. Science Test

Anderson-Fisk Chemistry Test,
Form E,

Read General Science Test
F;cts About Science Test

Watson-Glaser Critical
Thinking Appraisal

TOUS
2031 Slattery, J. B, 4 New York Regents Exam, Biology .
New York Regents Exam, Chem,
New York Regents Exam, Physics
2032 Braly, J. L. 4 ACS-NSTA Chemistry Exam

2033 Reed, L. H. 4 Stanford Achievement Test:
Science.

Remmer's Attitude Toward Any
School Subject Scale

Piers-Harris Children's Self-
Concept Scale




2034

2035

2036

2037
2038
2039

2040
2041
2042

2043
2044

2045
2046

2047

Koch, D, P.

Taffel, A.

Call, R. k.

Blank, S. S.
Mottillo, J. L,

Denton, J. J.

Payne, C, R,
White, R, W,
Heffernan, D, F,

N¢

Carnes, P. E,

0'Toole, R. J.

Connor, J. L.

Breedlove, C. B.

Hunt, E. G.

277

-\

% |

Project Physics Achieyement
Test, Units 2, 3.

Ad hoc confidence scores

Ad Hoc Midyear Achievement Test
New York Regents Exam, Physics
Dunning Physics Test

ACS-NSTA Cooperative Exam,
High School Chemistry

Anderson-Fisk Chemistry
Test, Form F

Ad hoc cognitive test

Ad hoc unit exams

Ad hoc Physics Achievement Test
Purdue Master Attitude Scale
for Measuring Attitude Toward
Any School Subject, Form B

Ad hoc chapter tests
Cooperative Biology

TOUS

Watson-Qiaser Critical
Thinking Appraisal

Ad hoc cognitive tests

Ad hoc prob{em solving tes:
Ad hoc cognitive tests

Ad hoc achievement test

TOUS

Allen Attitude Inventory

Ad hoc achievement test

California Survey Test in
Physical Science




2048

2049
2050

2051

2052
2053

2054

2055

" 2056

2057

2058

Alcorta, L. 8.

Aaron, G.

Love, G, H.

Brown, F. K., & D, P, Butts
Raghubir, K, P,

Long, J. C., J. R. Okey, &
R. H. Yeany

Martin, W. J., & P. E. Bell

. Study deleted

Toohey, dJ. V.
Welliver, P, H.

Gallagher, J. J.

Iowa Test of Educational
Development #6, #2

Brown-Holtzmann Survey of
Study Hahits

STEP, Forms 3A, 3B, 2A, 2B
Nelson Biology Test
Anderson Chemistry Test
Ad hoc achievement test

Facts About Science Test,
A and B '

Ad hoc cognitive test

Stanford Science Achievement
Test, Form X

Ad hoc cognitive test
Ad hoc achievement test
Ad hoc achievement test

Ad hoc evaluations, lab
skills and affective

Ad hoc achievement test

Ad hoc Physical Science
Achievement Test

TOUS

Ad hoc Science Current
Events Test

STEP Science, Form 3A
Thurstone Interest Scale
Coded vidgotapes

i}

Ad hoc test of interaction
recognition




2059

2061

2062
2063
2064

2065

2066

2067
2068

279

Anderson, C., & D, Butts

Anderson, R. D., & A. R.
_Thompson

.

Netburn, Ao No

Cowan, P, J,
Siddiqi, M. N.

Galey, M.

Tucker, J. L.

Fulton, H. F.

Wash, J. A.
Pella, M. 0,, & C. Poulos

Ad hoc achievement test

Ad hoc Attitude to Science
questionnaire

Ad hoc achievement test
Stanford Achievement Test

Boulder Test of Creative
Thinking

Boulder Test of Critical
Thinking

Ad hoc cognitive test
Time spent on each 1e§son
PSSC tests, 1-5

PSSC Tests, 1-5

Ad hoc achievement test,
performance interview

Ad hoc Picture Test for
Science Processes

Ad hoc Science Concepts Test
BSCS Final Exam, 1964
Nelson Biology Test, Form E
TOUS, Form W

F.A.S.

Watson-Glaser Critical
Thinking Appraisal, Form Zm

Silance Attitude Scale,
Form A

Prouse Subject Preference
Survey

Ad hoc achievement test

Ad hoc Biology Exam

Coop. Biology Exanm

)




2069
2070

207

2072

2073
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Sutman, F. X., & M. Yost

Hedges, W. D., & M. A.
MacDougaltl .

‘Garside, L, J.

Anderson, K. E., F. S,
Montgomery, & R. W. Ridgway

Anderson, K, E., F, S.
Montgomery, & H. A. Smith,
& D, S. Anderson

Anderson, K, E,, & F, S.

Jacobs, H. N., & J. K.
Bollenbacher”

Jacobs, L. C.
Strehle, J. A.
Walker, M. A.

Przekop, L. R.

Popham, W. J., & J. M.
Sadnavitch

o]

Also included in #2080:
Sadnavitch, Popham, & Black

Ad hoc unit tests

STEP Science Achieyement,
Forms A and B

California Interest
Inventory

Ohio Physics Test
Wisconsin Physics Final Test
Physics Accumulated Test

Minnesota State Board
Exam in Biology, 1947

Nelson Biology Test, Forms
Am, Bm }
Dunning Physics Test,

Forms Am and Bm

Coop. Biology Test,
Forms X, Y

Test of Knowledge About
Science and Scientists

Ad hoc achievement tests
Ad hoc achievement test

Otis-Lennon Mental Ability
Test, Elem. [I Level, Form K

Ad hoc achievement test
Coop. Physics Test, 1950
Coop. Chemistry Test
Thurstone Interest Schedule,
1947

Scale for Measuring Attitude
Toward Any School Subject

Coop. Physics Test

Coop, Chemistry Test

3]
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2081 . Pella,-M,0,, J. Stanley, . .1 ___ Wisconsin Physics Test

C. A. Wedemeyer, & - o
W, A. Wittich . Ohio Physics Schol, Test
Ad hoc affective
2082 " Allison, R. W. 4 Adaptation of Allen Inventory
; of Attitudes Toward Science
and Scientific Careers
2083 Dilorenzo, L. T., & 1 Metropoljtan Achievement
J. W. Halliwell Test
2084 Crabtree, J. F. 1 Ad hoc achievement test
Time on task
2085 Hug, W. E, 1 Comprehensive Final Exam.
in First Year Biology
2086 0'Brien, S. J, 4 Childhood Attitude Toward
Problem Solving
2087 Troost, C, J., & S. Morris 1 Ad hoc cognitive measure
2088 Beets, M. M. 4 Creative Thinking Test }/ﬂ\
(adapted for elementary) \
2089 Beisenherz, P, C. ) 4 Picture Test for Science K\“\\\\_
{ Processes, Grades 1 & 23 3&4 ///’
(Tocal) ° .
Science Concepts Test, =~
Grades 3 & 4 (local) \
2090 Cﬁampa,‘v. A. 4 Coop. Science Test
2091 Grassell, E. M. 4 STEP Physics Test
Dunning Physics Test
.
Ad hoc achievement tests
2092 Boblick, J. M. 1 Ad hoc achievement test
Time on ta;k .
2093 Boblick, J. M. 1 Ad hoc achievement test,

2094 Wickline, L. E, 4 Allen Attitude Scale

Facts About Science Test

314




2095

2096

2097

2098

2094
2100

2101

2102

2103
2104

2105
2106

2107

2108

2109

Nordland, F. H., J. B, Kahle,
S. Randak, & T. Watts

Penick, J. E., D. Schlitt,
‘S. Bender, & J. Lewis

Kahie, J. B,, F. H, Nordland,
and C. B, Douglass

Penn, R. F.

/

Johnson, L.

May, J.

Richard, P. ﬁw

Kline, A, A,

Fiel, R, L., & J. R. Okey
Zeschke, R,

Crocker, R. K., et al.
Black, W. A., et al.
Yarber, W. L.
Patterson, M, D.:

Monaco, W. J., & M. Szabo

__—

Ad hoc unit tests

Torrance Test of Creative
Thinking (Figural
Creativity; Verbal
Creativity)

Ad hoc achievement test

ACS/CHEM test
TOUS

Cornell Critical Thinking
Test, Form Z (1961)

Ad hoc achievement test
ACS-NSTA Test, form 1971°

ACS-NSTA Test, Form 1970
advanced

BSCS Achievement Test

Ad hoc achievement test

Ad hoc achievement test
Ad hoc achievement test
Time on task

Ad hoc achievement tests
Cooperative Chemistry Test
Cooperative Phyics Test

A Venereal Disease Knowledge
Inventory

Bristol Study Skills
(abbreviated)

Stanford Achievement Test,
Science Sub-score

N



2110

2111

2112

2113

2114

2115

2116
2117

2118

2119
2120

2121

283

Linn, M. C., B. Chen,
& H, D. Thier

Fritz, d., 0,

Garry, R, J., H, J, Diet-
neyer, M. Kraft, &
A. C, Sheehan

Winter, S. S., S. D, Farr,
Jd. J. Montean, & J. A. Schmidt

Vandermeer, A. W.

Robinson, D, B,

Denton, J. J., & F. J. Gies

Swanson, D. H.

Strevell, W. H.

Nelson, C. M,
Wade, S. E.
McCollum, T. E.,

\

A

31y,

Science Process Test--
Variables; Experimentation

Interviews

Ad hoc achievement test
Adapted Allen Attitude Scale
Toward Science and Scientific

Lareers
¢

Ad hoc science information
test

Science Reasbning test
(1pca1)‘

STEP Science Test

New York Regents Exam,
Chemistry

‘Science Reasoning Test
Kuder Preference Inventory

Calvert Science Information
Test, Intermediate Form B

Ad hoc unit tests

New York Regents Exam,
Biology, 1967

Nelson Biology Test
Number of objectives achieved

Adaptation of previous

_ -Regents Exams, Chemistry

Number of objectives mastered

Dunning Physics Achievement
Test

Ad hoc achievement test

Ad hoc achievement tests

Achievement tests




2122

2123

2124

2125

2126

2127

2128

2130

2131

284

Noall, M. F., & L. Winget

Glass, L. W., & R, E, Yager

Simmons, J. B., W. J. Davis,
G. C. Ramseyer, &
J. J. Johnson

Anderson, K. E., F. S,
Montgomery, & S, F. Moore

derkins, K. F.

Lee, J. E,

Shinfeld, S. L.

Moore, W. J.

Martinez-Perez, L.

Hughes, W, R.

/.
!

Coop. Physics Test,
Forms X, Y

Strong Yocational Interest
Blank (Attitude to Science)

TOUS
FAS

BSCS Standardized Biology
Achievement Test
Anderson Chemistry Test,

Form Am

ACS-NSTA Chemistry Exam,
Form 1959

Ad hoc Tab skills test
TOUS

Coop. S%ience Test
MPATI

L

Ad hoc biology achievement
test

Attitude Toward Subject _

Self Concept of Ability
in Science

ACS Chemistry Test
Ad hoc achievement tests

Silance: Attitude.Toward
Any School Subject

Processes of Science Test

Final Comprehensive Exam
(BSCS Pattarns & Processes)

Piers-Harris Children's
Self-Concept Scale

Attitude Toward Science
Inventory (modified)

Ad hoc Processes of Science
Test; Content Examinations.

g
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« o THE EFFECTS OF VARIOUS SCIENCE
TEACHING ST.ATEGIES ON ACHIEVEMENT

Kevin C. Wise and James R. Okey
University of Georgia ’
Athens, GA 30602

Purpose of the Study

The purpose of this study was to synthesize findings oé the effects
on science achievement of various teaching strategies using the proceéures
of meta-analysis (Glass, 1976, 1978). This is one of seven areas of science
education réseardh selected for study in the University of Colorado Science
Meta-Analysis Project, ) ) . The
seven areas had been selected by the Colerado project, in consultation with
a national panel, as representing significant blocks of findings of sufficient
importance and scope to justify an integration of the literatuée.

Numerous studies dealing with the effects of various science teach-
ing techniques exist in a variety of documents. The integration and )
interpretation of this aggregate research on the topic of science teaching
' techniques cannot be handled sufficiently through narrative means alone.

: Chronologicaily qrdered verbal descriptions may be sufficient when only a
few studies are related to a topic. When tens or hundreds of stu&ies are
involved, however, a nazrat ive ‘approach fails to accommodate the accumulated
knowledge.

If the findings of many studies are regarded as data points and
addressed in a statistical manner, they can be integrated using meta-

analysis. Through this technique information can be compiled from many

studies that when taken as a group in the narrative sense appear inconclusive
. /

* t

Q and even incomprehensible.

H
i




The techniques of meta-analysis have been extensively described

elsewhere (Glass, 1978; Glass, McGaw, White, & Smith, 1980). Integration
of research findings have bzen done in areas such as class size and achieve-

ment (Glass & Smith, 1979), diagnostic remedial instruction in science

- (Yeany & Miller, 1981), and attitude and achievement in science (Willson, '

1981). 1In its most basic form the procedure of meta-analysis involves
determining the diiference between experimental and control group mean
scores in standafg deviation units (called an effect size). The impact of
a technique (such as a particular teaching strategy) in standard score
units can then be examined across a variety of studies.

In this meta-analysis study, the impact of twelve categories of
teaching techniques were examined. In addition to calculating the sizé of
the effect in each study, information was coilected about student and
teacher characteristics, details of the treatment, and experimental con-
ditions. The purpose of collecting this contextual information was to
determine the circumstances in which the teaching strategies had their
influence. By crosstabulating various features of studies (e.g., size of
class or grade level of subjects) with the effect size a picture of the

conditions under which a teaching strategy has maximum or mifimum impact

begins to emerge. Te

Definition of Teaching Techniques

Since the purpose of this stuuy vas to determine the impact of
various teaching techniques or methods on science achievement, it was 3

important to define what the techniques were. This was necessary in order

to select appropriate studies and clearly communicate results. It was

also necessary because another group in the Colorado project was analyzing

...3
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what was referred to as instructional systems. An initial definition
provided by the project staff was as follows:

Teaching methods are thought of as narrower, less encompassing
than instructional systems. Whereas the latter might plausibly
guide a great many decisions about the organization, and conduct
of teaching a science course, teaching methods refer to more
limited aspects of a teaching plan (e.g., the mcthod of testing,
type of questioning, wait-time and the like). Studies in which
teaching methods are evaluated are typically of short duration
and lifmited to one or two narrow topics.

~ais definition of teaching technique was used to define twelve

categories of teaching techniques. They are audio-visual, focusing, grading,

inquiry, manipulative, modified, presentation approach, questioning, teacher
direction, testing, wait-time and miscellaneous. Each of these categories

will be briefly discussed with representative examples included.

Audio-visual

Although the bulk of the media-based instruction was considered‘
to be under the domain of instructional systems, some was limited enough
in scope or duration to be appropriately considered as a teaching technique.
Examples of experimental A-V teaching techniques that were compared with
control methods are:

1. Films on a specific topic

2. Videotaped presentations

3. Audio~taped directions

4. Supplemental pictures, photos, or diagrams.

Focusing

Teaching techniques included in this categery include those where
something occurs to alexrt students to the objectives or intent of instruc-
tion. Focusing techniques may be employed before, during or after instruction

<A
General examples of these include:

) 32,
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1. Students provided with objectives
2. Objectives reinforced at different points during instruction

3, Various organizers of instruction.

Grad ing

Experimental techniques'included here involve changes in the grading
system that the researcher has reason to suspect may result in improved
student performance. -Specific examples are:

i. Use of pass/fail graining

2. Students assigning their own grades.

Inquiry-discovery

In general the teaching techniques that involved more scudent-
centered less step-by-step teacher directed learning experience are included
in this category. Very often the techniques were identified by the authors

!
of a research report as being inquiry or discovery. In nearly all cases
these techniques are compared with a control method identified as being
“rraditional,” "expository" or "eonventional." Examples of the techniques
used are:

1. Inquiry lessons

2. Guided discoveries

3, Inductive laboratories.

Manigulative

Students operate, handle or in some way work or practice with
physical objects as part of the instructional process. Generglly a single
device or kind of manipulation is involved in thils group of techniques.

Examples are:

e
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1. Operation of a specific pilece of apparatus
2. Physical practice of some skill
3. Sketching or -drawing

4, Constructing something.

Modified

o

Studies in which a researcher changes a single portion of instruction
to ;est for improved student achievement. In almost all cases the modifica~
tion or revision is of instructional materials. Examples include:

1. Materials rewritten or annotated

2. Directions presented other than by written word

3. Change in laboratory equipment.

Presentation Mode

This broad category of techniques refers to the means of instruction
where several changes in material have taken place, the setting of instruc-
tion is different or student approach or introduction to a topic or teaching
arrangements differ from what is considered a more traditional method.
Representative examples are:

1. Field trips .

2. Group discussions

3. Individual or self-paced lessons

4, Games—-simulations-

5. Team teaching.

Questioning ) %

Teaching techniques that involve the use of varying levels or

position of duestions in instruction belong to this group. Examples of

specific techniques found here are:

O
f‘[
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1. Questions inserted in a film

2. Knowledge and comprehension level questions at the start of a
unit '

3. Questions before, during, or after an assigned reading

4., TUse of high level questions.

. Teacher Direction

Variations in the extent to which the learning task was spelled out
for the student typified teaching techniques classified under teacher

direction. Specific illustrations include:

1. ~Students conduct experiments or activities given only sketchy
direction )

2. 5Students select objectives and assumes responsibility for
learning ' oo

= 3. Indirect instruction.

Testing
~

Techniques where tests were used- in various ways with a veiw toward

improved student achievement. Usually this involved a change in the

frequency of testing, the purpose of testing, or the level of the test

;Lgsi;‘/?he use of feedback is also included here. Examples are:

( 1. Formative testing “ ) . . ;
2. Immediate or expiénatory feedback '
3. Diaénostic testing and remediation
4. Optional retestiné

- . 5. Testing to mastery. N
’ 1
. - 5 |
! |

\

|

Wait-time

This category included studies that used increased duration of
wait-time. These can be identified as:
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1. Long vs. short wait-time

2. Added pausés at key response points.
&

Miscellaneous

They are all the other teaching techniques not classifiable into
any of the Previous categories. Examples include:

1. Students performed extra experiments related to the topic of
instruction on their own time.

2. Students viewed a film more than one time.

Clearly these categories are by no means an absolute system for
classifying teaching techniques. Further it is evident that while some
of the categories established are clea&ly defgned, others do not lend .
themselves to precise specification. These categories were formulated and
studies were placed in them after all reports had been coded. This allowed
for careful consideration of each category and study in terms of all the
documents reviewed. They represent the variety of means researchers have
used to bolster science achievement by alFering some‘aspect; of the
instruct ional situation. Altered teacher behaviors, student actions and

responsibilities, classroom materials and equipment, time, and testing are

all included.

Procedures

Selection of Studies

The literature base searched for studies relating teaching tech-
niques and science achievement included microfilmed dissertations, ERIC
documents and reports, and the periodical literature. Studies selected

for possible coding from these sources first had to have titles that

implied they dealt with vhat would be considered teaching techniques.
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The btasis for this judgment was the definition of teaching techniques or
methods provided by the meta-analysis project steering committee and further
clarified through discussions at a training session held for all persons
involved in the meta-analysis project. The contents of each study thus
slected were then examined to confirﬁ that the study was relevant.

The sample of studies that were ultimately coded are further

described by the following items:

1. Age of Subjects —- The studies used mainly included students in
grades 6 through college. It was originglly intended ;hat studies with
students in‘grades kindergarten through college would be involved. Part
way through the coding process the decision was made to limit the sample to
only those investigations using ;ubjects in the )-college range. This was

necessary to maintain the total coding task to manageable proportions.

2.. Geography -- Studies were limited to those written in English

+ and reported in the United States.

3. Year of Publication —— No study published earlier than 1949

was used.

»>

4, Control Group Used —- A control or contrast group identifiable

as being traditional or conventional was necessary.

5. Sufficient Data -- Enough data was included in the report so

that an effect size could be calculated and identified as being positive

or negative.

Notes were kept on the reasons individual studies were rejected.

The predominant reason for disqualification was that upon examination of

340
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thé eohténts of sfudies it became apparent that they did not deal with
experimental teaching techniques as earlier defined. The second most common
reason for rejection was that not enough inférmation was provided to allow
for effect size calculation. Rather complete means have been developed

(see Glass, McGaw, White, & Smith), 1980) to determine effect sizes even

when treatment and control means and standard deviations are not available.
For example, given values of t and sample sizes it is possible to determine
an effect size (see Appendix A for effect size calculation formulas). But
even with these tecbniqugs insufficient information would still sometimes
halt the meta—anélyéis proceés.’ Studies were also rejected because subjects

were outside the 6-college age range or because there was no control or

contrast group.

Data Sources

Research studies were examined that came from the following

documents:

1. Science education doctoral dissertations--these included all
dissertat ions available on microfilm from the Ohio State ERIC
Center that related teaching techniques and science achievement.

2. ERIC documents and reports—-these were identified by a computer
search of the ERIC data base to identify reports of teaching
techniques in science.

3. Journal articles—-these included searching for relevant
. studies in all issues of the Journal of Research in Science
Teaching (1963-1981), all issues of the Journal of College
Science Teaching (1970-1981), all issues of Science Education
from 1970 tc 1981.

There are certainly additional sources of reseérch reports relevant
to this study. But the sources examined should provide the bulk of the
reports available and allow ressonable inferences to be made about the

aggregate effect of various teaching strategies on science achievement.

u. ‘ ' \\ 331
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Coding the Studies

In order to insure that important variables from each study were
examined and reco;ded in a consistent way, a suitable coding form had to
be developed. This involved identifying potentially useful variables and ’
incorporating them into a concise and easy to use format.

Development of a coding form began at the training session in

“Colorado wthe discussion generated a number of the variables that were

incorporated. These variables were then cgtegorized and arrayed into a
convenient format to produce the initial coding instrument. Revisions to
the form occurred as the actual coding process proceeded. These modifica-
tions were made to best accommodate the studies being coded.

A total of 76 variables were included on the final coding form and
classified into major categories. Each of these categories is identified
and briefly discussed. A copy of khe coding form and informatiog about

each variable are included in this report (see Appendix B).

1. Report ID (3 variables). This group of variables provides a

document aumber and identifies the coder.

2. Study Data (4 variables). Variables here are used to account
for single or multiple treatments and measures. The year and form of the

study are also identified.

3. sStudeént Data (17 variables). Characteristics of study subjects

such as grade level, SES, and number of students involved are documented

!
i

by this group of variables.

(g;) 5
LW R ]
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4. Teacher Data (13 variables). Teacher characteristics such as

/

gender, age, educational background and experience teaching are part of

]

this category.

5. Context Characteristics (3 variables). The size of the classes

and the schools involved as well as the types of communities are accounted

for here.

6. Design Characteristics (6 variables). Experimental design
. . N e

considerations such as means of assignment of subjects and teachers are

-+ observed.

7. Treatment (16 variables). The specific types of teaching
techniques and the roles of the teachers and students as well as the dura-
tion of the treatment are among the variables that are parts of this

category.

8. Outcome Characteristics (4 variables). Variables considered as

outcome characteristics invflve the kinds of measures used and the relia-

bility and reactivity of each.

9. Effect Size Calculation (10 variables). The kind of data used

to calculate effect size and the study effect sizes are included in this

group of variables.

The Coding Process

The first group of studies coded were the microfilmed dissertations.
These were selected by Colorado on the basis of title and provided by the

ERIC Center at Ohio State. The contents of each of the more than 300

RN
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"dissertations were examined locally to determine if they actually dealt

with teaching techniques as earlier defined. The studies were further
screened to include only those using appropriately aged subjects, a
traditional or conventional contrcl group, and sufficient data to calculate
effect size.

The second group of studies coded were ERIC documents. Abstracts

of some 2,000 ERIC available science studies were provided by Colorado.
These were reviewed to identify those that appeared relevant to the teach-
ing techniques question. Copies of the studies thus selected were obtained
locally on microfiche and screened like the dissertations to determine which
ones would actually be coded.

Finally on an issue—by—issde basis the journals were scanned.

These were all issues of the Journal of Research in Science Teaching, the

Journal of College Science Teaching and Science Education from 1970 to the

present. Studies were selected for coding in the same manner used with
dissertations and ERiC documents.

Once it had been determined that a particular’ study was useable it
next had to be coded. This involved reading the study and locating or
determining values for as many of each of the 76 variables specified on
the coding form as possine. In cases such as student grade level, or

measure reliability, variable values were stated in the study. Values for

. L3

other varjables, like SES, were inferred when sufficient evidence was
available. In the case of study effect size, the value had to be calcu-
lated in every instance.

In this meta-analysis study effect size is a standard measure of
the difference between an experimental teaching thhnique and a traditional

method, The vast majority of effect sizes were computed using means and

L l') *
3-/‘;):
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standard deviations. To computg‘effect size when comparing an experimental
teaching teclnique to a control method, the mean 6} the control group is
subtracted from the mean of the experimental group and then divided by the
standard deviation of the control group. An effect size is designated as 1
negative when the mean score of the experimental group is lower than that
of the control group. A single study results in multiple effect sizes when
there is mare than one experimental treatment or when there are two or more
post measures.

Data from the codiné forms were key punched (see‘Appendix C for the

layout of the 76 study variables on the computer cards) and analyzed using

the Statistical Package for the Social Sciences (Nie, et al., 1975) on an

IBM 360 computer. The analysis included descriptive statistics for all
continuous and categorical variables, categorizing some variables originally
coded as continuous, and cresstabulating a number of study characteristics

(e.g., grade level of subjects) with effect size.
Results

The computer analysis of the 76 variables considered in the study
produced the results that follow. Note throughout this nortion of the
report thaé many of the variables are not mentioned primarily because there
was limited information available in the research documents. For example,
the educational background of teachers was reported in fewer than 30%Z of the

studies and is not discussed here.

Descriptive Data

Research studies of the effects of various teaching strategies were

examined that covered approximately the last 30 years. Figure 1 shows, the

300

-y
i H




distribution of effect sizes associated with different spans of years. )
The early 197025 produced the largest group of effect sizes (407 of the

total),
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Figure 1. Percentage of effect sizes represented by different time periods.
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students primarily from grade 5 through the early college years. Figure 2

shows the percentage of effect sizes associated with each span of grade

levels.

PERCENTAGE OF EFFECT SIZES

Figure

The studies selected for the meta-analysis were conducted with

i
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2. Percentage of effect sizes represented by students at different
grade levels.
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The traditional areas of study in science are represented among the

research reports included in the teaching strategies meta-analysis. Figure

PERCENTAGE OF EFFECT SIZES

Figure 3.

|
t 3 shows the pefcentage of effect sizes for each science subject area.
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Outcome measures used in the studies of teaching strategies ranged

from traditional cognitive tests to interview techniques. Figure 4 shows

the distribution of outcome measures.
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Number of effect sizes associated with different types of
outcome measures.

3




307

Additional data that provide information about the contexts'in

which the selected studies were conducted are given below. |

1. The effect sizes came from three types of reports:

Dissertations 56%
Journal Articles 26%
! Unpublished Papers 187%

|
2. Thg research studies were conducted in different types of

coqunity settings.

f Rural~town 17%
|
/ Suburban 35%
i
: Urban 20%
/
| Not Classified 297,
3. e instruments and methods used to measure outcomes were

fdist;ibuted as follows:

|
/ Instruments developed

especially for the study 38%
Published instruments 31z
Regular classroom tests 207%
Observations and interviews 8%
Other 3%

4. The number of subjects included in the various studies were
distributed as follows:

S0 or fewer subjects 12% ’
51 - 99 28% ‘
100 - 199 30%
200 or more subjects 27%
Unknown | 3%
3t
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S. The number of teachers involved in the studies are as follows:

1 or 2 teachers 287%
3-8 _ 217
9 or more ) 9%
Unknown 427

i

6. The teaching strategies were used in classes of various size
/distributed as follows:

i >

Fewer than 15 students ’ 87

15 - 24 V 207
25 - 3 287
35 or more students 97
Unknown | 267

7. The studies in which the teaching strategies were used were
conducted over varying lerngths of time.

2 hours or less \ 15%
3-10 19%
11 - 20 ' ax
More than 20 hours . 322
Unknown 30%-

8. The reliability of the criterion measures used were distributed
as follows:

.69 or less 6%
.70 - .89 36%
.90 - 1.00 10%
No information given 48%
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Effect Size Data

A total of 160 studies were coded resulting in 411 effect sizes.
on ol oultome variables

34
The overall mean effect size,in this analysis isa 836 (for all | (?§—35fd~l Z=.30
When ch.w-‘je(l )ht ~+wo Cﬁfe‘jonlrl CO&"'*‘V‘- and 0{*‘1’) #L veSudfy wlrr V"/y S/ mitar = Nsr..ﬁwb)

teaching strategies). The average impact of using one of the teaching

strategies analyzed in this report, therefore, was to increase achievement

by about one-third of a standard deviation. In terms of percentiles, the

¢

mean effect of using the teaching strategies was to increase scores by
1

about 13%.

Not all teaching strategies had the same impact on achievement.

Table 1 gives the mean effect size for the 12 categories of teaching
strategies used in this analysis. More confidence can be placed in some

of these compared to others because of the number cof efféct sizes repre-

sented by each mean score. . ‘

Mean effect sizes were calculated for studies conducted wich students

cf different grade levels. Table 2 provides mean effect size information

for the four categories of grade levels used.

This meta-analysis of the effects of teaching strategies provided

some additional data concerning learning in classes of different size.

Table 3 presents findings similar to those of Glass and Smith (1979) in

their study of class size and achievement. The largest effects of the

different teaching strategies are associated with the sma}}eg? class

size.

-

Different mean effect sizes were found in the different academic
. . \

areas represented by the studies in the analysis (see Table 4).

4
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Effect Sizes Obtained for Cognitive and Other Outcomes

Obtained Using Different Teaching Strategies -

Type of ’ _ Cognitive; _ Other** K Total Z of

Strategy X SD n X Sh n X Sh n All Cases
Wait-Time | .53 .02 2 1.27 .00 2 | .90 43 4 1
F;cusing .48 90 25 1.37 .63 3 .57 91 28 7
Manipulative .56 .64 2% - - - .56 .64 2 6
Modified 55 .45 20 27 L34 2 52 .45 22 5
Questioning .56 37 1 .07 .06 2 48 .39 13 3
Inquiry-Discovery 41 .87 38 .15 .29 20 .32 .73 58 15
Testing .37 .49 33 .14 <34 11 .32 .46 44 11
Presentation Mode .24 54077 ‘ .29 .62 26 .26 .56 103 26
Teacher Direction .18 .54 28 .32 .83 17 .23 .66 45 11
Audlo-Visual

Methods .16 .49 30 .33 .35 3, .18 .48 33 8
Grading -.13 139 13 . =.40 .00 1 -.15 .38 14 4
Miscellaneous ) .53 .24 8 .23 .19 4 43 | .26 12 . 3
Total .35 .64 309 .3 .61 91 34 .63 400 100

*The Cognitlve category Includes low and high level outcomes, general achievement?ﬁhroblem solving,
*%The "Other" category includes critical thinking,creativity, logical thinking and affective measures.

. -~ - F o m—.




Table 2

Mean Effect Sizes Obtained with Students

at Different Grade Levels

Grade Level Mean Effect Number of % of
of Student Size SD Cases Cases
Elementary - .

{(through Grade 5) .36 71 50 13

Middle School

(Grades 6-8) .30 .74 93 24

High School

(Grades 9-12) .25 .53 164 43

Post High School 42 .70 77 20
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Tabie 3°

Mean Effect Sizes Obtained in Classes
of Different Size

Mean Effect Number of % of
Size of Class Size SD Cases Cases
Feﬁe; than 15 Students .74 .86 ‘ 32 ‘11
15 ; 24 .37 .60 ¢ 119 39
25 - 34 | .23 46 114 37
35 or more Students .23 .57 38 13

MY




Mean Effect Sizes Obtained in Studies Focusing
on Different Academic Areas in Science

Mean Effect Number of % of
Area of Study Size SD Cases Cases
Physical Science .55 .81 78 19 .
General Science .35 .65 81 20
Biology .25 .55 105 26
Chemistry .22 .53 '68 17
Earth Science .12 .53 36 9
Other .523 .54 35 9
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Another means of examining mean effect sizes is by the source of
the literature report. Table 5 gives mean effect sizes for the three types

of reports examined in this analysis.

Table 5

Mean Effect Sizes for Various Types of .
Literature Reports l

Mean Effect Number of % of
Type of Report Size Sb Cases Cases
Journal Articles L4l .67 105 26
Dissertations .32 .66 230 56

Unpﬁblished .
' (ERIC Documents) .30 .51 74 18
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The studies reviewed for this analysis included widely differing
numbers of students. Table 6 provides mean effect sizes associated with

the studies of various size.

Table 6

1
Mean Effect Sizes Obtained in Studies with l
Different Number of Students Involved

Number of Subjects . Mean Effect Number of % of \
in Study Size Sb Cases Cases
0 - 50 .66 .90 49 12
51 - 99 L4l .71 115 29
100 -~ 199 .35 .53 125 31 .

<

200 or more .09 . .38 110 28
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The averaée effect sizes associated with studies using different

numbers of teachers is shown in Table 7.

Table 7

Mean Effect Sizes for Studies Involving

Different Numbers of Teachers

i Meaﬁ”Effect Number of % of
Number of Teachers Size SD Cases Cases -
1-2 .41 .70 116 28
3-8 .35 .56 86 21
9 or more .20 .30 36 9
Unknown 173 42




The studies analyzed were conducted over widely differing amounts

of time. Some were done in only a class period or two while others lasted

for several months.

associated with four categories of study time.

Table 8

* Mean Effect Sizes for Studies Conducted for

Different Amounts of Time

The information in Table 8 shows the mean effect sizes

Duration of Study Mean Effect Number of % of

_ (Hours) Size sD Cases Cases

0 -2 NaA .84 63 15 |
3 -10 .43 I 77 19
11 - 20 .20 .36 16 4
More than 20 .33 .57 132 32
123 30

Unknown

317 )
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Interpretation and Implications

What conclusions should be drawn from an integration of the research
on teaching strategies in scilence that produces an overall effect size of
about one-third of a standard deviation (.336)? Are alterations in such
things as teacher questions or directions, student activities, classroom
materials, tests or grading practices worth the effort when they result in
student scores that are on the average 13 percentile points higher than in
the unaltered classes? These questions are prabably unanswerable and per-
haps even unimportant unless one 1is concerned ébout thé overall impact of
innovations. Most often teachers, teacher educators, researchers, or
instructional developers have interest in é certain instructional strategy.
Thus their concern is with the impact of a specific teaching strategy and
not the effect of all teaching strategies. Even the clumping of strategies
into 12 categories as has been done in this report makes it difficult to
degermine Ehe‘bmpact of a teaching strategy such as "providing students
with instructional objectives" because it is lumped with all other
Focusing strategies.

The picture provided by this meta-analysis of teaching strategies
is a macroscoéic view. It provides evidence on the general, overall
impact of a category of st}ategies but does not give fine, detailed micro-
scopic information on a particular strategy.

The information in Table 1 shows a range of effect sizes from .90
(Wait-Time) to -.15 (Grading). Recent reviews of instructional research
(e.g., Rosenshine, 1979) have concluded that direct teaching strategies
have greater impact than indirect énes. Is that conclusion supported by

this analysis? There appears to be some support among the strategies with
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relativeiy large effect sizes; higher than the mean are Focusing and
Questioning and amouag those with relatively small effect sizes are Inquiry- |
Discovery and Teacher Direction. Wait-Time strategies have the largest

impact but they also account for the fewest number of studies reviewed in

any category.

The effect sizes associated with classes of different size (see

. Table 3) should provide strong evidence for policy makers who advocate

smaller classes. In this éase the accumulated research results confirm
teachers contentions.

Research methodologists can glean items of some interest from this
report. Studies involving the fewest number of subjects produced the largest
effect sizes (Table 6). Essentially the same information is obtained by
examining the nuéber of teachers in a study and the related effect sizes
(Table 7). Again, the smaller number of teacpers involved the larger the
effect size. Both the number of subjects and number of teachers may have
much to do with fai;hful implementation of a strategy, Treatment fidelity
may suffer when large numbers of students and correspondingly large numbers
of teachers are involved. '

Another point of methodological interest 1s seen in the data on
duration of a study (Table 8). Short studies produced larger impacts
(larger mean effect sizes) than long studies. This may also relate to
treatment fidelity wherein the control over a strategy may lessen as a
study stretches on.

There seems to be little to say about the effect sizes associated

with different academic areas (Table 4) or grade level of subjects (Table 2).
A pattern in the effect sizes that begins in the grade level data

(elementary -+ middle school + high school) is broken with the college

350
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students. For the academic areas the more general topics seem to yield
higher effect sizes than specialized subject areas such as biology,
chemistry, or earth science.

Critics or even advocates of instructional strategy research may
feel that the overall impact of the various strategies is somewhat small.
Several points should be made, however, to show that the aggregate score
may obscure much information about impact. Among the studies examined, the
range of the effect sizes was nearly 6 standard deviation units. The
largest effect size was 3.58 and the smallest was -2.10. A useful analysis
of a particular teaching strategy might be to identify features of studies
(either design, treatment, or context) associated with large and small
impact. It may be possible to refine a teaching strategy by emphasizing
features associated yith large impact and minimizing or dropping features
associated with little effect. Subsequent research could then determine if
the adjustments were advantageous. it is interesting to imagine how several
strategies, none of which has an overwhelming impact, might influence
achievement if uséd in concert. Consider classes in which Focusing strategies
(effect size = .57), Questioning (effect size = .48), and Testing (effect
size = .32) were combined by teachers. The overall influence might not be
the simple sum of the individual contributions but a combined influence
would be expected. This engineering of teaching strategies to optimize

achivement would seem to have much promise.
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INTRODUCTION

The purpose of the research was to determine the relationship
between variations in the nature and structure of instructional content
and outcome variables across the relevant experimental studies. Included
here are the comparison of the inductive vs deductive approach (Shulman &
Keisler, 1966), and the use of advance organizers (Ausubel, 1960, 1963).
Of several areas dealing with the nature and structure of instructional
content, only these areas of research provided a data base of sufficient
depth to justify a meta-analysis. Amgng the topics considered but not
included here are behavioral objectives, kinetic structure, mathemagenic
behavior, curriculum scope and curriculum organization. %hus the data
base for this study accounts fo} the coding of 128 characteristics for 39
studies selected from the 72 coded as part of the larger study. The larger
study in turn is but one part of & broadcy project to integrate science

education research.-

The author would like to acknowledge the valuable suggestions
provided by Edward L. Smith and Lee S. Shulman, Institute for Research
on Teaching, Michigan State University, and Carol Blumberg, Department of
Educational Studies, University of Delaware during the final revision of
the coding sheet.
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Various normative arguments have led to the development and
execution of numerous empirical studies. The gufding assumption for
the current analysis has been that these studies could provide information
for further research through quantitative analysis of their characteristics.
Relative patterns which exist among appropriate variables of each study
could be revealed through the utilization of Meta-Analysis.

This process involves viewing the studies as the units on which
measurements are taken with the variables being the codea study character-
istics and effect sizes. The coding variab]e; included 57 which were
concerned with features of the treatment while 12 were concerned with
outcome attributes. Aspects such as methodology, sample characteristics,
and instructional experiences were examined quantitatively in terms of
their relationships to the treatment effects through the use of a common

metric for all studies as defined by Glass (1978).

ERIC 3
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METHODOLOGY

Selection of Studies

Studies included in this analysis were selected from the one-
hundred and fifty-one studies provided for possible inclusion by the
Science Meta-Analysis Project. These studies were then examined to (1)
determine their relevance to the broader research question and (2)
ascertain the availability of the necessary data for effect size caicu]a-
tion. Those studies having means and standard deviations were coded
first, while other studies requiring more extansive calculations or
.which had minimal data reported were set aside for coding if t%me permitted.
Several journal reported studies were coded based upon a limited search of
articles in the Journal for Research in Science Teaching for 1977 - 1980.
However, major emphasis was given to the coding of dissertation studies.
This examination resulted in a collection of 105 studies found to be
relevant to the topic and having sufficient data for the calculation of
effect sizes. \

Studies analyzed and reported in this report spanned the period
from !957 through 1980. Most of the studies were conducted during the
1969 through 1973 period. The majority of the studies used in the meta-
analysis reported here were dissertations with 33 studies (85%) being
nonpublished doctoral dissertations and 6 studies (15%) being articles
published in professional journals. A1l dissertations received were
comp]éled prior to 1977. It is estimated, based upon a review of the
references given in those studies coded as well as a survey of reviews

of science education research, that this analysis represents approximately

STAN
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35% of the advance organizer research, and 25% of the inductive-deductive
reséarch.

The systematic analysis of these studies resulted in the coding
and calculation for 424 effect sizes. A sepérate effect size was calculated
and study characteristics coded for each distinct outcome variable within
each study. An average effect size was calculated for each instance where
a particular outcome characteristic value would be used several times

within a comparison for a study.

Identifying and Coding Variables

To make full use of statistical methods in describing and communicat-
ing study findings and accounting for their variance; the characteristics of
the subjects, teachers, context, design, treatment, and assessment for each
study were expressed in quantitative terms. Some of the features and the
nature of the assessment procedures used an ordinal scale while others
involved a nominal scaie based upon indicator variables.

The development of the coding form involved the pre]iminary coding
of several articles. In addition, a survey of several reviews of science
educaticn research as well as learning and cognition reviews was made to
ascertain the important characteristics to be coded. This resulted in the
adoption of several classifications based upon categories proposed in the
literature. The following provides a brief overview c* the characterisfics
which were coded. A description of the conventions used for many of the
cod1ng sheet items as well as the COdlggzihEEt is provided in-Andersofy—

A,
itz T sppben f et o
The study identification variables were used to distinguish studies

as well as multiple effect size codings within single studies. The study
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code identified each individual study. Each comparison within a study was
given a code while within each comparison a separate code was given. Thus,
those studies which compared more than one treatment, varied the sample
characteristics, or used more than one outcome measure for any comparison
were given distinct codes.

The student characteristics variables were intended to delineate

-

various important features of the samples used; 7feacﬁer characteristics
variables provided background information concerning the individuals .
presenting the instructional treatment. Characteristics of the context .
were intended to provide necessary information concerning the environment

“in which the study was conducted.

Coding for design characteristics included the methods for assign-

ing students and teachers to the treatments as well as the unit of dhalysis

and experimental design used. The coding for the internal validity of

each study followed the convention that intact and highly dissimilar samples,
based upon ability or socio-économic level, were classified as having low

internal validity. Those found to have {ntact or randomly selected .
classrooms with similar characteristics were coded as medium, while those

studies which involved complete random selection of subjects and had Tow

mortality were coded as high. The coding for the type of study followed

the system propdﬁed by Campbell and Stanley (1963).

Treatment characteristics included such aspects as preinstructional

istics of the learning tasks as well as the content, the type of instruc-
tional techniques. The preinstructional stragegies included the coding

strategies, the inquiry orientation of instructional tasks, the character-
for the. type of advance organizer used. The distinctions used for the
|
\
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| coding of the level of {nquiry were based upon those suggested by Shulman
and Tamir (1973). The coding for the characteristics of the learning tasks
involved items concerned with the kinds of activities (Johnson, Rhodes, and
Rumery, 1974). Categories for the structure of content were based upon
those suggested by Haggis and Aé;y (1979) while those used for the
characteristics of the questions asked as part of instructional tasks were
based upon those proposed by Bloom (1956) for the level cognitive reasoning
and by Johnson, Rhodes,‘and Rumery (1974) for the level of generality.

The coding for the outcome characteristics included categories such
as the intent of the assessment, the domain orientation, the type and method
of measurement, the reactivity, and the reliability. The convention for
coding the intent of the assessment was based upon the novelty of the context
(Johnson, Rhodes, and Rumery, 1974); i.e. whether it was to assess the
acquisition of knowledge involving identical or similar aspects, or whether
it was to assess transfer to related or new situations. The domain of
orientation distinguished between cognitive, affective, and behavioral
forms of assessment. The convention for reactivity involved the specifica-
tion of whether judgments were objective or subjective.

In general, most studies were very limited ih the description of
study characteristics and thus several of the variables were never or
seldom used. As a result nearly 25% of the variables were eliminated early
in the data analysis process including almost half of the student character-
istic variables and nearly all of the teacher characteristic variables. In
addition, thirty percent of the treatment characteristic variables were

eliminated due to limited usage.




Calculating Effect Sizes\,

The calculation of effect sizes for this study utiltized where
possible the definition proposed by Glass (1978) . Generally, if post-
test means and séandard deviations were provivded, this procedure was used.

In other cases the appropriate approaches as presented by Glass, McCaw and

Smith (1981 were utilized.

Analysis of Effect Size Data

The approach utilized in this study for effect size data analysis
was within the exploratory data analysis paradigm. The delineation of

the approach to the analysis of effect size data will consist of an elucjda-

tion of the exploratory nature of the analysis, and the statistical approaches

and sequence use.

It is argued tha! the data analysis procedures following data
acquisition should be expforatory. The use of these procedures prior to
the further application of }nferentia1 statistical methods can provide the
data base for the formulation of "conjectures" and the resultant design of
"experimental arrangements." The concept of conjecture is used in the
sense proposed by Popper (1962) while experimental arrangement is a concept
elaborated by Hanna (1966) which refers to the nature of the treatment
variables. I am, however, using it in a broader sense to include the pre-
sage and process variables.

The intent is to formulate questions for further research and
provide direction for research programs. Tukey (1980) has indicated that

research questions should be formulated only after extensive exploration

‘gtl‘\)




of the data base. Exploratory data analysis potentially can provide

insights regarding features of the experimental arrangements. These

discernments can clarify interrelationships and give direction to the
science education research effort.

Leinhardt and Leinhardt (1980) suggest that explcratory data
analysis is "an approach that illuminates rather than obscures the
analysis of data and makes apparent rather than disguises analytic results"
(p. 85). They later point out that:

The philosophy is one in which the analyst's first task is

viewed as discovery of evidence, not evaluation, and

consequently the tools are designed to reveal unforeseen

features rather than create a decision-analytic framework

for judging the importance of expected features" (p. 149).
These quantitative techniques give direction to future research through
descriptive analysis rather than providing a basis for confirmatory igfer-
ences. Thus, exploratory data analysis can provide "descriptive power"
(Hanna, 1969), the essential characteristic of which is that the
descriptive power of models which reflect additional information trans-
mitted by the data. It is within this framework that exploratory data
analysis can assist in developing further experimental arrangements with
explanatory power.

The intent of the procedures described below is to expose the |
relationships between study characteristics and effect sizes using
descriptive data. The statistical analysis began with the use of SPSS
FREQUENCIES. The next step involved the use of SPSS CROSSTABS to organize
the study characéeristics data systematically in contingency tables for
further analysis.

Since the principal task of this study is exploratory rather than

. confirmatory, the findings will be summarized using exploratory data




analysis methodology (Tukey, 1977). The data displays were box-and-wisker
plots, a technique used to display batches of data. The median as well as
the upber and lower quartiles are calculated and the quartiles used to
define, on a vertical axis in this study, the boundaries of a narrow rec-
tangle. The length of the box is used to define "inner fences," th]e 1.5
times this distance defines "outer fences." These conventions are a
modification of those proposed by Tukey (1977) and are based upon those
used by McNeil (1977).

Analysis and Interpretation of Data

The guiding interest was determining the relationship between
effect sizes and study characteristics. The intent was to analyze the
population of effect‘sizes across characteristics within each of two
research areas: Inductive vs Deductive, and Advance Organizers. The
principal goal of this analysis was to determine the re]étionship between
effect sizes and study characteristics within these selected research
areas through a comparison between effect sizes across the levels of each
descriptive variable for each of the two defined research variéb]es. This
approach includes the review of correlation coefficients, the examination
of study design characteristics in relation to the effect size, and treat-
ment characteristics in relation to effect size. All of these calculations
were done using microcomputer programs based on those written by McNeil
(1977).

Due to the 1imited number of studies for each of the two defined
research variables a “"dependent measure" approach was used in the analysis
where each of the 424 effect sizes were treated statistically as an independ-

ent data point. Thus, any dependence of the data due to those studies

3

|
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yielding more than one effect size due to multiple but distinct outcome
instruments o: factorial designs providing multiple comparisons is not
accounted for. However, a sample of study characteristics was selected
and the median and hinges were calculated and found to differ by only .07
effect size for the "dependence approach."

The following sections explore the relationships between each study
characteristic variable and the effect sizes for each research variable.
This Analysis will be Timited to those cases where the crosstabulated
cells for the!research variable by study characteristic in question have a

sufficient number of cases. To justify any discussion intended to lead to

useful recommendations and conclusions, it was deemed necessary to have 10

or more effect sizes and 4 or more studies.

- B ]
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RESULTS OF DATA ANALYSIS

Inductive vs Deductive

This research variable, defined by the crosstabulation of those
items specifying an inductive or deductive approach for the experimental
and Eontrol group, can be characterized by the learning activities sequence.
Educational experiencés in qhich examples or observations were providgd to
students prior to formalizing generalizations were classified as indu;tive.
Those studies where generalizations were formulated prior to any illustrative

“examples were characterized as deductive. The analysis of the data base
found 212 effect sizes from 24 studies where the treatment or control group
was coded as inductive or deductive. |

Tablé 1 shows the mean effect size,for inductive vs deductive
teaching on several outcome measures.‘ Effect sizes in favor of the induct-
ive approach are labelled posit}ve and those in favor of the deductive
approach are designated negative. The composite of these several outcome
measures has an effect size of .06. In the aggregate, there is essentially
no differénce between the two approaches.

A summary analysis of this data base across all study characteris-
tics resulted in finding a median effect size of .02 and hinges of .33 and
-.22. Effect sizes in favor of the inductive approach are designated
positivé and the deductive negative. Thus, the average student experiencing
an inductive instructional approach did better than only 51% of the control
group. It must be remembered, however, that approximately 60% of‘the
studies used a level of inquiry only slightly different from the deductjve -

approach. In addition, the spread between hinges indicates that 75% of

those have an inductive approach did better than 42% of the contrql group.
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Tab]g 1

4
D

Mean Effect Sizes for Inductive vs. Deductijve Teaching

on Several Outcome Measures

s

Knowl edge © .02 .67
Application -.10 _.36
Procass v .29 1.57 ,
Problem Solving -.01 .57 ]
Composite ® .06 .87 i

\
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The following narrative will describe any differences in effect size

based on particular study characteristics. This description will provide
insights as to circumstances where an inductive approach couid be expec ted
to provide a more effectiJ; educational approach,
Several variables were not analyzed due to the lack of variation
in study characteristics across stud1es w1th1n th1s research topic. These
" were features with insufficient data for comparat1ve analysis but which
provided added detail concerning the nature of treatments within this
research category. A1l studies which described the grouping patterns did
not have grouped subjects. The scope of content for the maJor1ty of effect
sizes coaed was disciplinary. Within this framework the organization of
content was genera]]y concept-oriented with some treatment comparisons
using an organizational scheme involving topics. While there was somewhat
more variation in the features concerning manipulative level, most of the
treatments were‘character1zed as having individual manipulation with

-ObJECtSs‘ However, nearly half of the treatment compar1sons utilized p1cture

study. The majority of studies did not fully describe the mode of communicat-

ing know]edge. Those who did generally used the 1aboratory although near]y
one-third used demonstration. Fifty-five percent of the outcome comparisons
were concerned with the acquis1t10n of krowledge by subjects. Of theke
studies 66% were characterized as assessing student performance on know]edge
similar to that used in the instruction.

. The correlation of data within this research topic resulted in some
st;tlst1ca11y significant correlations (where p < .01) Those with r=.49
and hav1ng 1mportant methodological and educational 1mp11cat1ons are shown
in Table 2. i
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The following findings are evident in Table 2.

Those studies with samples having higher IQ ability had a more
heterogeneous make-up.

2. Those studies conducted in a suburban environment had subjects

from higher socio-economic status than those studies conducted

l
in an urban area. |
3. Those studies whose assignment of subjects was less experimental

generally involved a Jonger duration. 'Experimental studies were
usually of shorter duration. On the other hand, those studies
using random selection of subjects generally involved more
sessions.

4, Theose studies classified a» inductive\were generally conducted in ‘
an urban envi(onment and involved quasi-experimental designs with
Tow. internal validity. ‘

5. Studies which utilized designs with highe internal validity in
experimental fra@ework gengrally involved the use of a more
structured learning environment. N

6. The §tudies with guided e&p]oration utilized feQer segsions than

thoée which were structured.

7. As might be expected, the deductive approaches were nore

struclured‘than the inductive-oriented learning experieices.
Q. The inductive approachés-utifized a higher level of inquiry as
_opposed to those which were deductive. .
9. Studies with higrer-level inqujry iwolved Tess restrictivé\\\

‘ . . \
. environments and greater access to manipulative activities than

those studies having lower levets of inquiry.

[
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.
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10. Approaches in which subjects made judgments or organized N\
elements into new patterns were inductive-oriented with a
higher level of vinquiry than those which required subjects -
to simply retrieve information.
11. Those studiés aimed at developing or assessing concepts
generally utilized the bfo]ogica] sciences for their content

orientation.

Thg data analysis resulted in the observation of several differ-
ences which are important for future methodological decisions. These
results are shown as graphical box-and-wisker plots in Figure 1, where
fences are used to identify the outside and far out values of the effect
sizes for each comparison. These comparisons were made to discern if the
data required any separate analysis for those studies with a stronger
design as a result of being noticeably different from the complete data

base.

Figure 1
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There was Tittle difference in resultant effect size between those
studies with random assignment of.subjects and those which utilized intact
groups. Those with intact groups did, however, have less variation in
va]ue§. In addition, little difference was found when comparing the quasi-
experimental and experimental studies. Differences were observed between
those studies using a simple blocking design and those using a factorial
or covariant design which may suggest that different conclusions may be
drawn depending upon the experimental design. In this case, however, further
analysis indicated that there was insufficient data for a separate analysis.

A comparison between the effect sizes for those studies which
utilized nationally published as opposed to ad hoc published outcome
measures showed 1ittle difference. Differences were detected, however,
between those studies using highly reactive measures and those.having
moderate to lTow reactivity. A separate analysis was conducted for those
studies havira a low outcome reactivity even though there were notably
fewe. studies in the medium and high categories leading to the possibility
that they may nct have of themse]ves.inf1uenced the reéu]ts. In addition,
the effect sizes for those studies using an outcome measurement with a
re1iabi]it¥ < .79 were dissimi1af from those of studies having instrumenta-
tion with a reiiability of & .80. Insufficient data, however, was avail-
able for an analysis with\siudies having outcome reliabilities>. .80+

Finally, 1ittle variation was found in the effect sizes across studies

depending upon how the effect size was ca1cu1atqd. .
The frequencies analysis and crosstabulation of study characteristics

resulted in the selection of 30 variables which provided adequate data for

comparative analysis. The results of tﬁﬁg analysis, with 21 variables
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meeting the criteria for inclusion, are shown in Figure ﬂ. If different
resu]tskwere obtained by the selection of comparisons having low reactivity
only the results from the low reactive sompariscn are provided.

Outcome measures were categorized along the following three
dimensions : (1) the intent of the assessment acquisition, j.e. the use of
identical information as compared to dissimilar information, (2) the intent

of assessment transfer, and (3) the assessment domain of orientation, i.e.,

knowledge, application, process, or problem-solving.
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) TABLE 2 s .
CORRELATION COEFICIENTS FOR STUDY CHARACTERISTICS OF

PR SN

.+ INDUCTIVE VS. DEDUCTIVE RESEARCH

SC03 SC16 CCO2 TDO1 TDO2 EX06 EX07 EX11 EX30 EX32 EX33

SC02 .86 ‘

SC10 .56 .65 .63

SC15 .97 : .
cco2 .57 .59 .51 .

DEO1 .59 -.53 -.54

DCO3 .61 -.55

DCO5 -.64 .53 .53 -.53 >~ °

TDO2 .65 -.68

EX06 " -.87 -.68 -.53 ' .
EX07 ‘ 72

EX08 .65

EX1 .83

EX13 -.58

EX31 " .80

META - ANALYSIS DATA FILE VARIABLES AND DEFINITIONS
SC02 - Ability level {IQ)
SC03 - Homogenmity of 1G: (1) Homogeneous (2) Heterogeneous
SC10 - SES: (1) Low (2) Low & Medium (3) Medium (4) Medium and High (3) High
$C1S - Clascs size (no. of students): Experimental
SC16 - Class size (no. of students): Control
CCO2 - Community type: (1) Urban (2) Rural (3) Suburban (4) Mixed

DCO1 - Assignment of Subject Treatments: (1) Random (2) Matched (3) Intact
Groups (4) Self <elect ¢

-~ DCO3 - Rated Internal Validity (see conventions): (1) Low (2) Medium (3) High

D05 - Type of Study: (1) Correlational {2) Quasi-Experimentat (Descriptive)
{3) Expermmental (4) Pre.Experimental (One Group Pre-Post)

TDO1 - Number of weeks

1002 - Number of sessions

£X06 - Inductive vs Deductive: (1) Inductive (Discovery) (?) Deductive (Expository)
£X07 - Guidance: (1) Structured (2) Free exploration (3) Guided Exploration

EX08 - Lavel of Access: (1) Remore demonstration (2) Individual manipulation

£X11 - Levels of fnquiry (see Shulman & Tamiv, 1973): (1) None (2) Low
(3) Mediam (4) Hrgh

£X14 - Mathemagenic Behaviors (see Rothkopf, 1970): (1) Used (2) Translation
(1) sequentation (4) Processiry

£X30 - Deqgree of Generality: (1) Items (Z) Categories (3) Systematic Patterns

£x31 - Type: (1) Progressive Differentiation (2) Developmental Level of

Cogmitive Functioning (3) Hierarchical (4) Random (5) Learning cycle
(1.e., 5CIS)

£X32 - Sequencing Unit. (1} Single lesson (2) Instructional wmt (3) Instructional
Term {(4) Instructional Program

EX33 - Content-orientation (see Klopfer, 1971): (1) General §c1ence
(2) Biological Sciences - 10-24 (3) Chemistry - 26-35 (4) Physics -
41-48 (5) €arth Sciences - 56-60 (6) Biochemistry

o o R I
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There is an ihdication that the inductive approach does not help
students when the evaluation criteria is the acquisition of identical
information. For this criteria the students taught with an inductive
approach were -.22 of a standard deviation from the average member of the
control group. When the evaluation instrumentation called for the demon-
stration of a capability with similar concepts the inductive group was
ogly .05 of a standard deviation from the control group. An examination
of the remaining outcome characteristics shows that there was little
difference between the inductive and deductive groups for transfer,
comprehension, or application of concepts, as well as process skills and
problem solving.

Intermediate students seemed to perform better within an inductive-
oriented setting with a .18 standard deviation difference. The average
intermediate student would do better than 57% of those within a deductive
approach. Moreover, 75% of those taught with the mductive approach
would perform better than 52% of those in the deductive group. There was
little difference at the junior high level and the average subject in high
school who was exposed to this approach actually performed not better than
44% of those in the deductive-oriented approach.

There seems to be 1ittle differences in approach depending upon
ability level, homogenity of ability or gender. Those having an IQ of 93 -
107 performed as well as 47% of those in the deductive group. Subjects in
heterogeneous groups accomplished nearly as much as those in the control
group while those in homogeneous groups performed as well as 42% of those
in the deductive groun. Moreover, distinctions based upon seriation ability
indicate little difference in performance. There are differences, however,

with respect to class size. Those in classes of 17-26 performed better
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when experiencing an inductive approach, with the average subject perform-
ing better than 56% of those in the deductive group. As class size
increased performance in comparison to the deductive group decreased.

The community context in which studies were conducted had little
relationship to student performance. Variation in context never resulted
in more than a difference of .08 standard deviations. The duration of
the study also seemed to have little effect upon the accomplishments of
the inductive group. In each time span the average subject in the treat-
ment group was within .1 standard deviation of those in the deductive group.

Variations in a number of the treatment characteristics seemed to
make 1ittle difference in the performance of the inductive group compared \
to those having a deductive approach. These characteristics included the
content-orientation, whether the materials included te;t and manipulative
or manipulative only, or whether teacher interaction was direct or indirect.
In addition, it did not seem to make a difference whether the learning
experiences were intended to develop an understanding of categories or
systematic patterns.

The level of inquiry (Shulman and Tamir, 1973) also did not seem
to affect the performance. It should be noted, however, that more than
604 of the studies involved students in a medium level of inquiry. The
potential for a muitivariate analysis was explored using the level of
inquiry of the learning experiences treatment characteristic as an independent
variable. It was not pursued, however, due to the 1imited number of studies

in which the level of inquiry was codable.

Several other characteristics seem to affect the results inciuding

the level of guidance, and the kind of activities. Subjects experiencing

.
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inductive learning through guided exploration performed .2 of a standard
deviation better than those with an inductive approach, having a more
structured environment. While the gverage student in the treatment group
performed better than 54% of those in the deductive-oriented group, those
in a more structured atmosphere could only perform on the average better
than 46% of those in the control group. Where the intént of the learning
xperiences was to have students work with categories and organize knowledge
into new patterns they performed on the average better than 52% of the
control group, whereas those who were required to makg distinctions
performed only better than 49% of those having a deductive approach. In
fact, the results indicate that 75% of those in the inductive approach did
betfer than 48% of those in the deductive-oriented group.

Variations in sévera] other characteristics also seem to affect the
results. These features include the instructional sequencing used and the
mode of communicating knowledge. Subjects experiencing an inductive curri-
culum organized with the progressive differentiation of concepts ne, tormed
.19 standard deviation better than those having a hierarchical inductive
curriculum; this was actually .24 standard deviation when including outcome
measurements having medium and high reactivity. Moreover, where the frame-
work for the sequencing of concepts was the instructional program, students
performed better than when the sequencing unit was the instructional unit.
Seventy-five percent of those using a program sequence performed better than
50% of the deductive group and better than nearly 75% of those having the
unit as the sequencing feature. Where the emphasized mode of communicating
knowledge was through discus.ion the average subject performed better than

564 of the deductive group, while there was no difference between inductive

z
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and dedu%tive when both discussion and lecture were utilized.

7

Implications. The results of thfs analysis comparing the

inductive and deductive approaches provide a framework for conjectures

as well as directions for future research. Conjectures which seem
justified include the apparent‘positive effett the inductive approach

has at the intermediate level. Moreover, this approach seems to be more
useful in those situations where high levels of thought, learning experi-
ences, and outcome demands are p152ed upon the subjects. In addition,
the inductive approach appedrs to function better when the curri-ular

" organization is formulated across units to involve the complete program.

It was realized early in.the analysis that more research concern-
ingxthe level of inquiry needs to be conducted. Many studies indicate
their concern yith inquiry but few address the level of inq;iry involved.
The difference found between the effect of 3nquiry experiénces upon
comprehepsion and process skills outcome needs to be further explored.
This might include the collection of qualitative data concerning treat-
nents in an effort to explore their nature and characteristics. This
should provide an insight into the difference in effect.

Several suggestions for future research can be ascertained from
the results of this meta-analysis. It would be vseful to conduct studies
having a range of inquiryhleve]s and utilizing variations in characteristics
of manipulative involvement, curricular organization, and approach to the
communication of knowledge.

Those conducting research in this area should consider the reactivity

and reliability of outcome instruments. Where more reactive instruments

must be used, researchers should increase the collection and description of
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qualitative data. The increased usé of qualitative data may be helpful
in further exp]bring the difference iq effect sizes between ingﬁructional
sequences based upon pquressive differentiation and those with hierarchical
sequences. Data collec” "7n expanded to include qualitative data is more
practical through the use of probit transformations in the calculation of
effect sizes, ., In addition,”any increase in qualitative description
would assist in thé coding of study characteristics.

| Experimental research in this area should include iess structured
learning environments for the inductive approach as well as more ;ura1 and
suburban contexts for the studies. Future quasi-experimental studies need

better documentation of research features as well as more deductive treat-

<«

Advance Organizers

Advance organizers (Ausubel, 1960, 1963) were proposed to improve
"meaningful verbal learning” through the association of what is to be
1earﬁed with the learner's current conceptual framework. The data base
on this topic included 147 effect sizes from 16 studies where the treatment
or control group was coded as using an advance organizer. The data base,
most of which was not included in thé meta-analysis reported by Kozlow and
whi£e (19é0), is 1imited mainly to dissertations and science education.

Nue to the limited data base, a multivariate analysis was not possible.

Table 3 shows the mean effect size for advance organizers vs a
control group on several outcome measures. Effect sizes in favor of the
advance organizer group are labelled positive. The composite of the two
outcome categories has an average effect size of .24. In the aggregate,
advapce organizers have an advantage of about one quarter of a standard

deviation over a control.




351

2

_

Nuferous variables were not analyzed due to the lack of var{ation

in study characteristics across studies within this research topic.. These

features, however, did provide added detail concerning the nature of .

treatments. There was very 1ittle variation in the features of advance

organizer research across studies. Most experimental arrangements did not

- TABLE 3

Mean Effect Sizes for Advance Organizers vs. Control
Cutcome Measures and a Composite

. & S
Knowledge .09 .59
Application T 47
Composite ‘ .24 .63

on Two

17

22
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usé any grouping, were disciplinary in scope, and were interested in
student comprehension as an outcome. Only 11.6% of the treatment
comparisons used’ application as an outcome variable: Little variation
was found in the type of measurement with a sizable 93.2% of the treatment -
comparisons using an ad hoc published instrument for outcome measurement.
The method of measurement was also seldom different with 88.4% being
multiple choice. While‘there was more variation found in the content-
orientation of advance organizer research it seemed apparent that the

physical sciences were the most popu]é?‘at'55.3%.
A correlation analysis of the variables within #ﬁs\ggfgarch topic

-~

\\
resulted in some statistically significant correlations (where p «.01).
Those with r2 .49 and having important methodological and educational

implications are reported in Table 4.

Table 4




1D05
scol
$C05
SC14

SC15
SC16
cco2
DCO1

DCO2
DCO3
DCO5
DCO6
TDO1

TDO2
. EX25

EX54
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| ~ TABLE 4

;Eq_rg?_lz_LATloN, COEFICIENTS FOR STUDY CHARACTERISTICS OF

ADVANCE ORGANIZER RESEARCH

ID05 SC01-SC05 SC14 SC15 C€CO2 DCO1 TDO1 TDO2 EX25
'SC16 _ .98
cco2 .52
DCO2 -.58 -.71
DCO3 - -.53
DCO5 -.65 -.88
DCO6 -.54
TDO2 -.66 . -.56
EX25 -.64 .58 .68 -.68
EX54 .69 .64 -.66 .64

META-ANALYSIS DATA FILE VARIABLES AND DEFINITIONS

i

Year of study

]
i

Modal grade |
Gender {% female)

Special grouping: {1) Not grouped (2) Low track (3) Medium track
(4) High track (5) Volluntary

Class size (nq. of students): Experimental
Class size (no. of students): Control
Community type: (1) Urban (2) Rural (3) Suburban (4) Mixed

Assignment of Ss to Treatments: (1) Random (2) Matched (3) Intact
groups (4) Self-select

Assignment of teachers to treatments: (7) Random (2) Non-random
(3) Self-Select (4) Crossed (5) Matched (6) Investigator » "~
):

Rated Internal Validity (see conventions (1) Low (2) Medium -

(3) High

Type of study{ (1) Correlational (2) Qhasi-Experimenta] (Descriptive)
(3) Experimental (4) Pre-Experimental (One Group Pre/Post) . )

Experimental Design: (1) Blocking (10) Factorial (30) Covariance
(31) Covariance Blocking (32) Covariance Factorial (33) Covariance
Blocking & Factorial

Number of weeks
Number of sessions

Scope of Content: (1) Disciplinary (2) Integrated (3) Multi-
Disciplinary (4) Interdisciplinary

Text: (1) Text only (2) Text and manipulatives (3) Manipulatives only

) . 387 -

1
l
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The following findings are evident in Table 4.
1. The grouping of students was generally practiced more in the
. .Suburban environment thaﬁ the urban or rural.

2. The more recent studies used fewer sessions than earlier studies.

3. In relation to design chafacteristics those studies having random
assignment of subjects did not also randomly assign teachers. If
teachers were randomly assigned the subjecfs were generally from
intact classes.

4. Those studies with female participants generally had low interha]
validity while thosg‘with male participants were generally higher.

5. Experimental studie;—;;;; usually conducted in the urban and rural
environment.

6. Studies which utilized désigns intended to control for confounding
variables were usually conducted at lower grade levels than those
which used simpler designs.

7. Recent studies were more inclined to utilize a more multi- or
inter-disciplinary approach than earlier studies.

8. If was not surprising that those studies conducted more recently
involvad the use of manipulatives more than earlier studies.

9. Sample sizes for the treatment grodbs and the contrgf grouns were
nearly equal.

10. Manipulatives were generally included as an aspect of studies in
suburban environments whereas treatments were more textual-oriented

* :

in suburban settings.
11. In relation to the duration of the study those uging a multi~ or
inter-disciplinary organization tended to be longer 1in duration,

however, there were fewer sessions. A similar inverse relationship

383
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existed in relation to the characteristic of instructional
materials. While those involving the use of manipulatives
tended to be longer duration studies they used fewer sessions

per study.

An examination of design characteristics relative to study
validity indicated several differences which are important for future
methodological decisions. These results are provided in Figureaé. As with
the previous research topic these comparisons were made to discern if a

separate analysis was required for those studies with a stronger design.

13

Figure .

35
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A comparison between the effect siies for those studies which had
high internal validity as opposed to medium internal validity showed little
difference. In addition, an examination of effect sizes selected for
source of effect size data showed littlie difference. However, there were
differences detected between those studies using matched sample and those
having random selection or intact groups. The effect sizes for those
studies using matching techniques were ‘in general .41 standard deviations
higher.

While effect sizes vary somewhat with respect to the selection of
teachers, the type of study, and the experimental design, these differences
are.not Qe;y substantial. It was observed that 75% of the effect sizes for
studies using non-random assigﬁment of teachers to treatment were greater
than 50% of those for studies using random assignment. In the case of type
of study 75% ofithe effect sizes for experimental studies.were greater than
50% of those for the quasi-experimental studies. Most of the effect sizes
for those studies using a factorial des%gn we;e greater than thcse from
studies using a block design. These differences suggest that different
conclusions may be drawn from the stuqy characteristic analysis depending
upon the design characteristics. However, a further analysis of study
characteristics indicated that there was insufficient data for a separate

analysis based upon the selection of specified design characteristics.

-A summary analysis of the advance organizer data base across all o “JWV
study characteristics resulted in finding a median effect size of .09xand
hinges of .43 and -.07. Thus, the average student experiencing an advance
organizer preinstructional strategy did better than only 54% of the control
group. However, the spread between hinges indicates that 75% of those
having advance organizers did better than 47% of the bbntro1 group. Thé

following narrative will describe any differences in effect size based on

S
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particular study characteristics. This description will show the cifcum-
stances under which advance organizers could be expected to provide a more

effective educational approach.

AN

The frequencies analysis of study cha?ag}eristics resulted in the

~N

selection of 72 variables which ﬁaq adequate data ?bn\further study. A

~

crosstabulation analysis found 24 variables which had suff?tien&\data for

S
-

possible comparative analysis when 10 effect zizes in a cross-tab cell was

set as the minimum required. The results of this analysis in which 7

variables were found to meet the criteria of 4 or more studies are shown

in Figure 42 -

m
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There is an indication that variation in'grade level or stu&ent
seriation abi]ipy makes little difference. However, effect sizes did
differ depending upon community context. Those studies conducted in a
suburban environment had effect sizes which were in general Tower than
those from studieg in urban contexts. The average experimentél subject
from a suburban context was only greater than 52% of the control group
while the average subject in an urban environment écored above 63% of the
control groﬁp. Moreover, 75% of the effect sizes from the suburban studies
were lower than 50% of those from rural studies.

Enough data for analysis was found for only two treatment
characteristics; the style of advance organizer and the characteristic of
materials. In each case there was ]itt]éadifférépéérbetween the advance
organizer groups and the control groups. The effect sizes for studies
using writtén or verbal advance organizers were similar as were the effect
sizes for the Studies which used only textbooks or those havint textual as™™
well as manipulative materials.

Only two outcome characteristics had adequate data for analysis.

Little difference in effect sizes was found between those studies evaluat-
ing student performance on identical information as opposed to similar
information. There was, howeyer, a difference between performance on
knowledge oriented instrumenté and applicatiaon instruments. The performance
of the average subject on application was better than 68% of the control
group while the performance of the treatment group for comprehension items
was better than only 46% of the control group. It should be pointed out
however that the application analysis was based upon 17 effect sizes from

only five studies while the analysis of the comprehension data was based

upon 118 effect sizes from seventeen studies.

[
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Implications. The results of this analysis pertaining to the

effect of advance organizers upcn student outcomes has provided needed
information for establishing directions for future research. In addition,
it has influenced the formulation of conjectures concerning the effective-
ness of advance organizers. ‘

The data analysis seems to indicate that advance organizers have
been advantageous in the urban setting than in rural or suburban contexts.
There seems to be little effect depending upon grade level, style of
organizer, or characteristics of materials. However, as_noted above there
has been 1ittle variation in treatment or outcome characteristics across
studies. It would be useful for futuré studies to break out of the past
advance organizeh research pattern and use as yet infrequently applied
characteristics. ‘

A further exploration of outcome distinctions is necessa}y where
such features as. transfer ana'app1ication are used. Very little advance
organizer research has used applicatipn items for the assessment of
performance or understanding; Future research should address this question
of subject ability to apply what has been taught. Another aspect which
should be cornsidered is the exten;}on of study duration and in particular
the number of sessions. Moreover, due to the results indicating design
characteristic differences in effect it may be appropriate to utilize more
experimental and factorial designs utilizing where possible a matching
technique.

It would also be worthwhile to compare variations in type of
qdvance organizer across other characteristics to determine any distinct
effects based upon tvpe of advance organizer. The data in this study was

too limited to pursue that analysis.
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CONCLUSIONS AND RECOMMENDATIONS

This meta-analysis may provide a foundation for the continued
exploration of 1earnieg and teaching in science education. .Some research
areas should receive more attention, especially the level of inquiry under
different curricular treatments. This aspect of curricular variation has
not, as evidenced by this meta-analysis, been subjected to any extensive
analysis. The duration of experimental studies should be extended and
the collection of qualitative datashould be increased for both quasi- and
experimental studies. The pursuit of these suggestions should assist the
research community in better articulating any distinctions which exist
between treatments.

The most limiting aspect of this study has been the lack of
descriptive information in studies coded. In addition, many studies were
not coded due to insufficient reporting of descriptive or analysis statistics.
It is hoped that the coding variables formulated for this study can provide
a beginning framework for the design and communication of research character-

istics in future studies. The lack of descriptive information, in addition

to the limited number of studies coded, resulted in the inability to explore

Eomplex interactions and the effect of confounding variables not addressed in
individual studies.

The next step should be, in addition to the more complete and
thorough description of studies, the continued coding of studies not
included in this analysis in order to extend the dataepese such that further
analysis can be undertaken. It is then, with an expanded data base, thet

the technique of meta-analysis can be used to its fullest potential. In




addition, this continued codfﬁg could lead to the inclusion of research
areas as yet not analyzed. These include behavioral objectives, kinetic
structure, mathemagenic behaviors, scope of content and the integrated

curriculum hypothesis, and the organization of curriculum.
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