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A report of a two-part study involving an in-service instructional program
designed to develop lesson plans for the teaching of critical thinking and the

experimental evaluation of the leaching unils produced,

The Direct Teaching of Critical Thinking in Grades
Four Through Six

JoHN M. MasoN

Michigan State University, Iiast Lansing, Michigan

Introduction

This study originated at the request of a
group of Michigan school administrators and
curriculum supervisors from Dearborn, Kast
Lansing, Ilint, Grosse Pointe, Lansing, and
Pontiac. This group, known as the Inter-
school Cornmittee on Evaluation and In-
struction, had been engaged for a number
of years in studying various facets of critical
thinking and ways to improve instruction.:2
The writer was asked by the committee, in
the fall of 1957, to outline a plan for the im-
provement of science instruction in grades
K-6 with special emphasis on the direct
teaching of critical thinking. The result of
this request was the formulation and the im-
plementation of the present study which was
concerned mainly with the development and
with the determination of the efficacy of
science units for grades 4-6. Units were
also developed for grades K-3. However,
no attempt was made to evaluate the effec-
tiveness of these units.

Need for the Study

A review of the literature indicates that
educators for more than thirty years have
been stressing the need for instruction that
emphasizes the methods of science.3—¢ A
review of the literature also shows that these
methods have not been implemented to any
appruciable extent in the secondary schools.
One may infer from these studies, comments
from teachers, personal observations, and the
lack of published evidence to the contrary

that teaching for the development of eritical
thinking skills is seldom an integral part of
clementary science programs, Such a re-
view also indicates that there are disagree-
ments as to how scientific methods are ac-
quired.” The evidence appears to favor the
direct approach to teaching the abilities in-
herent in problem-solving as opposed to the
methods that are not focused directly upon
these components.8—11

However, as pointed out by Dunfee and
Greenlee,? there is need for much more re-
search in order to determine the extent to
which science instruction contributes to the
development of critical thinking.

In addition to these problems, there are
several other observations that indicate the
need for research studies in elementary
seience instruction. The teaching of science
in the clem¢ntary schools throughout the
country varics from’ almost no science in-
struction or science integrated with social
studies to well structured and efficiently
implemented programs.8:12~14 The nature
of the science offerings also varies greatly
in regard to objectives, subject matter con-
tent, and methods of teaching. It appears
that little has been accomplished toward the
solution of .the problems associated with
scope and sequence of materials. Conse-
quently the same topics, without due cogni-
zance of the spiral development of concepts,
are treated much the same at different grade
levels. It is also to be noted that various
educators!? have pointed out that the
teacher’s feeling of insecurity in handling
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320 J. M, MASON

science is one of the most frequent reasons
that teachers give for not stressing science
in their teaching.

Overall Design of the Study

The study covered a two-year period,
The first year was devoted to the prepara-~
tion of science units by teachers in the par-
ticipatling schools (Dearborn, Fast Lansing,
Grosse Pointe, Lansing, and Pontiac, Mich-
igan). This was accomplished by conduct-
ing an in-service seminar program in each
school. In the second year, the units were
taught in the same schools under experimen-
tal conditions. In order to show the fea~
tures and the results of the undertakings each
year, this paper is divided into two parts.
The first is concerned with the in-service
seminar program and the second describes
the experimental phase of the study.

Part 1
The In-service Seminar Program
Introduction

The in-service seminar phase of the study
began in the fall of 1958 and continued
through the school year. The seminars were
conducted as a part of Michigan State
Universivy’s Continuing ¥ducation Program
and carricd two graduate credits per term.
This feature was deemed desirable by the
Interschool Committee since it provided a
means for some of the teachers to meet cer-
tain local requirements for salary increases
and/or additional academic experiences.

Purposes of In-service Program

The main purpose of the in-service
seminar program was the development of
science lesson plans for the direct teaching
of the components of critical thinking in
grades kindergarten through six. Other
purposes were to familiarize the teachers
with the components of critical thinking and
with the so-called scientific attitudes and to
increase their content knowledge in the areas
in which lesson plans were to be developed.

bt e e e

Selection of the Teachers

It had been planned originally to have the
members of the seminar in each school
selected by the administrators in the respec-
tive schools. However, since credit was to
be offered, it was agreed that a gencral
announcement would be made and that in-
terested teachers could enroll. There is no
record to indicate whether the participants
were those that had been approached directly
by administrative personnel or had enrolled
because of their own interest. The groups
that were finally formed varied as to grade
level, backgrounds, interests, and abilities.
Ninety-three teachers in the five school
systems participated in at least two of the
three terms during the year. The number
of teachers from each school was: Dearborn
28, East Lansing 13, Grosse Pointe 15,
Lansing 18, and Pontiac 19.

Organizational Plan and
General Assumptions

"The same organizational plan was followed
with the teachers in each of the five partici-
pating schools. The teachers in each school
constituted a seminar group and met for & e
two-hour period each week for ten weeks
cach term. The study ran for three terms,
The time of meeting was left to the teachers
in each school. Dearborn, Grosse Pointe,
and Lansing had their meetings at 4 pm and
East Lansing and Pontiac met in the eve-
ning. The writer scheduled his time so that
he would be able to meet with the respective
groups six of the ten meetings per term.
The other four meetings each term were in
charge of local personnel. ‘

In an effort to orient the teachers, the
instructor spent considerable time in clarify-
ing the basic assumptions which were con-
sidered significant for the development of
science units. Some of these assumptions
were: (1) children should have planned ex-
periences in science rather than incidental
experiences; (2) children should have direct
experiences with both the content and the
methods of science; (3) the skills and at-
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titudes of science are capable of identifica-
tion and situations can be set for giving
pupils direct training for the acquisition of
these skills and attitudes; (4) the clementary
science program should provide for adequate
scope and sequence in grades K-6; and, (5)
teachers should strive for greater competency
in both subject matter and in instructional
techniques.

Several meetings were devoted to familiar-
izing the teachers with the nature of eritical
thinking. For the purpose of this study, it
was assumed that critical thinking may be
described as a process which is characterized
by such components as the ability to (1)
recognize and define problems, (2) select
information relevant to solving a problem,
(8) formulate possible solutions of a problem,
(4) test hypotheses, (6) form conclusions
validly, and (6) recognize basic assumptions.
It was stressed that these are not steps
which must be followed in a sequential pat-
tern and that one may think ecritically and
‘arrive at valid conclusions without employ-
ing all of these skills for every situation. It
was further assumed that such phrases as
critical thinking, problem-solving, scientific
methods, methods of science, and scientific
thinking may be considered as synonyms
since they are used by many present day in-
vestigators to describe the same abilities.

Seminar Activitiecs—Preparation of
Lesson Plans

Seminar activities included lectures, dis-
cussions, independent and group study, and
writing. In writing lesson plans, an attempt
was made to construct the lessons according
to the following specifications.

1. The plans were to be detailed in every
respect. Directions were to be given for the
cxact situations and/or activities in which
the teacher and pupils were to participate.

2. The plans were to be designed to de-
velop specific concepts in a framework that
would emphasize training in some aspect or
aspects of critical thinking. That is, both
subject matter and problem solving were to
be stressed with the techniques of presenta-

tion providing actual situations for training
in critical thinking skills. The authors were
to attempt to set situations that would pro-
vide experiences in problem recognition, the
collection of relevant data, hypotheses for-
mation, devising, and testing hypotheses by
a variety of means, such as experimentation
and demonstrations, and the formulation of
tentative conclusions. Critical thinking was
not conceived to be a step by step process
and the above order of skills was not to he
followed necessarily” in writing the plans.
The principal task was to set situations for
each lesson which would provide training in
some aspect or aspects of the processes in-
volved in eritical thinking including the
so-called scientific attitudes.!5—21

3. The lessons were to be varied accord-
ing to an individual’s approach for motiva-
tion, for collecting data, for individual and
group work, and for other desirable features
for classroom instruction. That is, within
the framework of the above features, teach-
ers were encouraged to be creative in the
construction of the lessons.

Lesson plans were constructed individu-
ally. Teachers had to spend a great deal of
time outside of the regularly scheduled semi-
nar time in studying content material and in
actual writing. Some teachers tried their

~ideas either before foﬁnal writing or after

the first draft. The plans were submitted to
the writer for review and typfng. They were
then returned to the authors for further work
and/or revision. In some instances, they
were used for the purpose of instruction,
criticism, and evaluation in the seminar
period. The teachers in a given school
developed, lesson plans only for the unit
which their group had sclected a: their area
of interest. As lesson plans developed,
some effort was made by the instructor to
exchange the lessons prepared in one school
with those prepared in other schools. This
proved to be a good motivating technique
and a means for establishing common goals
hetween the teachers at the various schools.
Some of the units and/or lessons were de-
veloped as new materials. In other in-

-~




322 J. M. MASON

stances, they were, in part at least, revisions or
adaptations of materials already existing as
a part of the science curriculum of the school.
FFive mimeographed teaching units were
constructed Jduring the yecar. The unjts
produced by the participating schools were:
Space-Dearborn, Water-East Lansing, As-
tronomy-Grosse Pointe, Atmosphere-Lan-
sing, and Physical Phenomena-Pontiac.

Recommendations

The recommendations and opinions which
follow arc based on the writer’s experience
as the instructor for the in-service seminars.
They are offered for those who may be in-
terested in future work of this nature.

1. In a study of this kind, the participants
should be selected very -carefully. Such
things as interest, adequate science prepara-
tion, creativeness, demonstrated writing
ability, knowledge of tecaching techniques,

and willingness to be reeeptive to ideas

different from one’s ows should be some of
the characteristics sought for in those that
are selected to undertake the development
of new curricular materials.

2. The offering of academic credit for such
an undertaking should be only incidental to
the project. It would be much better to
eliminate academic credit as it tends to bring
into focus muny of the undesirable features
associated with grading individuals. The
goals of the individuals engaged in such an
undertaking should be somé&tling more than
securing additional credits so that they may
qualify for a pay increase or some other ex-
trinsic standard.

3. It would be advisable to have some kind
of formal instruction for an entire group on a
specific subject matter arca rather than have
the participants try to secure such informa-
tion through independent study. That is,
for one to write lesson plans successfully, he
needs training in content material. Besides
using university instructors for such train-
ing, other methods, such as securing local
resource people and using well prepared high
school teachers should be tried.

4. In conducting a study such as this,

there should be adequate personnel and
local responsibility for the group’s work in a
specific school system. There are many
psychological and/or administrative reasons
for a large measure of responsibility resting
at the local level, such as familiarity with the
philosophy of the school, rewards particular
to a specific system, the case of scheduling
and of handling a variety of problems which
might arise, and the desirability of local
stimulation and leadership that will carry on
after the completion of a specific research or
developmental study.

4. The task of stimulating and directing
classroom teachers in the writing of lesson
plans designed to implement the skills in
critical thinking is a most difficult one and
there is no one bhest method to accomplish
the job. There will be periods of frustra-
tion and these are to be expeeted if any real
problem solving occurs in the group itself.
However, every effort should be made to
keep such periods at a minimum. The
writing of such studies should be as non-
directive as possible, but there may be times
when it is necessary, in order to lessen frus-
tration, to be very directive about how to do
a given task.

6. Some provision should be made to free
teachers from other responsibilities when
they are selected to engage in curriculum
studies during tlie regular school year. One
cannot expeet teachers to do their best work
after having worked a full day or when they
have. other responsibilities to discharge.
One recommendation would be to conduct
such a study in the summer with regular pay
for such work.

7. Curriculum studies such as this should
have representation at each grade level and
efforts should be made to keep the entire
staff informed as to the progress of the work.
Lesson plans should be tried out in class-
room situations before publication for gen-
eral distribution.

8. A project such as this one should be
tied intimately with a school’s research pro-
gram. IEvaluation instruments should be
developed along with curriculum materials.

Lt e
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It would also he desirable to correlate such
a study with resources of the system includ-
ing eqpment, library facilities, and other
things necessary for the proper implementa-
tion of the program,

Part II

The Experimental ’hase

The experimental phase or the actual
teaching of the materials that had been
prepared during the in-service seminars in

"1958-59 began in the fall of 1959. The

steps taken in getting the study underway
were as follows. An announcement was
made in cach school system that a meeting
was to be held to discuss the purpose and
design of an experimental study that was to
be carried on in the various school systems.
Interested teachers were invited to attend
the meeting. At cach meeting, the develop-
ment of the materials, the main hypothesis
to be tested, and the kinds of testing to be
attempted were reviewed. The method of
sclection was left to administrative deeision
in each school system.  In some cases, sclec-
tion was by lot and in others by administra-
tive designation after consultations with the
teachers. It is the writer’s opinion that the
method or methods used to seleet the teach-
ers in this study did not bias the study any
more than other variables, such as teacher
interest, personal prejudice for or against a
given technique, previous science training
and teacher ability.

Design of the Study

The study bhegan in December 1959 and
ran through the remainder of 195960 school
year. The schools participating in the
study were Dearborn, Iast Lansing, Grosse
Pointe, Lansing, and Pontiac. The ma-
terials to be used were the five units (Atmos-
phere, Astronomy, Physical Phenomena,

-Spaceand Water) which had been constructed

by the members of the 1958-59 in-service
seminars. There were three groups of teach-
ers and their respective students taking part
in the study. The groups were designated

as Research, Experimental, and Control.
These groups were established for all grades
K-6. However, no objective evaluation was
attempted for the pupils in kindergarten
through three due to the lack of time for
the development of evaluation instruments.
The statistical findings of this study are
limited to grades four through six.

The teachers who had becn members of

“the 1958-59 seminar and who had expressed

a desire to be a part of the 1959-60 study and
their pupils constituted the group designated
as the Research Group. These teachers
operated on the understanding that they
would use the materials, but were free to
make modifications as desired in techniques
for implementing critical thinking skills.
The group designated as the Iixperimental
Group was composced of the pupils of teach-
ers who participated in the study with the
understanding that they would use the ma-
terial as printed.
, The Control group of pupils was dirceted
by teachers who agreed to teach for the
same concepts as in the units used by the
Jéxperimental teachers. However, they
were to follow their usual type of teaching
procedure.

Groups in the Study

Table 1 shows the tcachers and pupils
from the respective schools that constituted
the groups in the study that were used for
comparative purposes.

Tests Used in the Study

The test designed to measure critical
thinking skills was constructed by Dr.
Clarence Nelson, a specialist in evaluation
with the Office of Evaluation Services,
Michigan State University. This instru-
ment was adapted for pupils in grades four
through six. The instrument was adminis-
tered by the teachers in the study as a pre-
test in the fall of 1959 and as a post-test at
the close of the school year 1960.22

Factual tests for grades four, five, and six
were developed for each of the five units used
in the study by the author with the assist-
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TABLE 1
Teachers and Pupils by Grades and (iroups
Research Experimental Control
Ta pv T P T P
Fourth Grade
Dearborn 0 0 3 HR
Isast Lansing 0 1 25 0
Grosse Pointe 1 20 0 1 27
Lansing 3 85 ¢ 67 2 53
Pontiac 0 4 90 0
Total 4 105 8 182 0 138
Fifth grade
Dearborn 3 71 5 124
Kast Lansing 1 26 2 37 1 26
Girosse Pointe 0 0 2 51
Lansing 0 3 66 2 54
Pontiac 3 79 1 29
Total 7 176 11 256 5 131
Sixth Grade
Dearborn 6 134 5 112 3 .4
Ilast Lansing 1 22 1 21 1 24
Grosse Pointe 0 1 22 2 51
Lansing 0 2 58 1 16
Pontiac 1 32
Total 8 188 ) 213 T 165

* Number of teachers.
b Number of pupils.

ance of Dr. Joseph Jackson, Mr. George
Stuteville, and other members of the staff of
the Ivaluation Section of the Dearborn
Public Schools. Kach factual test was
administered as a pre-test at the beginning
of a Unit of study and as a post-test at the
completion of the study. Directions were
distributed to all teachers for administering
the tests and approximate dates for begin-
ning and ending the units. All tests were
controlled and the teachers did not have ac-
cess to the keys for the tests.

The tests were assumed to have curricular
validity since Dr. Nelson was a specialist in
the area of critical thinking and the other
writers were intimately associated with the
development of the content materials used
in the study.

IBM answer sheets were used for pupil
responses for all the tests. The sheets were
returned to the author. All answered sheets
were then machine scored and later hand
checked for accuracy.

Hypothesis Tested and Statistical Methods
Used in the Study

Comparisons were made between Research

and Iixperimental, Research and Control,
end Ixperimental and Control groups on all
instruments at the fourth, fifth, and sixth
grades. The hypothesis held for each com-
parison made in the study was that achicve-
ment is independent of instructional method
and materials. That is, the mean achieve-
ments of the pupils in the compared samples
are equal.
- The technique illustrated by Johnson? for
analysis of variance and covariance with one
independent variable was used to test the
above hypothesis. With each analysis, the
independent variable was the pre-test
score relative to the specific test at the
designated grade.

The test of significance used in each
analysis was the F-test. When the hy-
pothesis was accepted, it was inferred that the
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difference between the mean achicvements
of the pupils in the samples could be attrib-
uted to chance. Therefore, one instructional
technique was assumed to be just as cffec-
tive as another method.

~ The hypothesis was rejected when this
test indicated significance at the 0.01 or
0.05 level of confidence. When the hy-
pothesis was rejected, it was inferred that the
difference between the mean achicvements
of the pupils in the samples could hardly be
due to chance alone. This difference was
assumed to have heen the result of the in-
structional techniques sinee in the analysis
the one independent variable was controlled
by a covariance adjustment.

To determine which method of instruetion
had produced the significant difference when
the hypothesis was rejected, the means of the
samples were adjusted for the sample differ-
ence on the independent variable in accord-
ance with the teehnique suggested by MeNe-
mar.?  The technique used in teaching the
pupils in the sample having the higher ad-
justed mean was considered to have been the
more effective method of teaching.

Critical r:atios were also calculated to test
the significance of the difference between
initial and final sample means on cach test
for cach group at cach grade level.

Results of Comparisons bhetween Groups-
Fourth Grade-Critical Thinking

The I-tests were significant for the com-
parisons between the Rescarch and the Iix-
perimental groups and the Research and the
Control groups on the eritical thinking in-
strument. The adjusted mean for the Re-
search group in each analysis was higher
than the compared group and it was there-
fore inferred that the Rescarch group had
increased significantly in the ability to think
seientifically. The 1°-test was not signifi-
cant in the comparison between the FExperi-
mental and Control groups. IFrom this
finding, it appears that the materials as used
with the pupils in the Experimental group
did not produce any greater change in pupil

ability to think scientifically than the ma-
terials used in the Control group.

One may infer from the results of the
fourth grade comparisons that the teacher
was the significant factor in producing sig-
nificant change in pupils’ ability to think
critically. This inference is supported by
the observation that the adjusted means for
Rescarch group were greater than the means
for cither the Ixperimental or Control
groups. Siuce the teachers in the Rescarch
group were those that had had experience in
developing the materials, one could infer
that their experiences had contributed to
their ability to teach the skills.

Ififth Grade—Critical Thinking

The results of the analysis for the fifth
grade comparisons with respeet to ability to
think critically show that the Experimental
group was significantly higher at the end of
the year than cither the Rescarch group or
the Control group. The results also show
the Research group was higher than the Con-
trol group. These findings indicate that the
materials for the fifth grade were cffective
for the direet teaching of the skills inherent
in critical thinking. |

It is interesting to note that the Rescarch
group did not excel the Iixperimental group
as was the case in the fourth grade. Ap-
parently the previous experience of the Re-
scarch teachers in developing materials did
not make them necessarily better qualified
to teach the materials.

Sixth Grade—Critical Thinking

The I-test was not significant for any of
the sixth grade comparison with respeet to
critical thinking skills. This would indicate
that the materials, as developed for this
grade, were not any more effective in setting
situations for the direct teaching of critical
thinking than the procedures used by the
Control teachers. It also may be inferred
that the previous experience of the teachers
in the Research group was not a significant
factor in the implementation of the units
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designed for the direct teaching of critical
thinking.

Fourth Grade—Tactual Information

The comparisons at the fourth grade on
the factual tests showed that the Research
group did significantly better than the Ex-
perimental group en the units on Astronomy,
Physical Phenomena, Space, and Water,
and also better than the Control group on
Space and Water. The Control group did
better than the Kxperimental group on the
units on Astronomy, Physical Phenomena,
and Water.

Iifth Grade—Tactual Information

At the fifth grade, the Experimental group
on the factual tests did significantly better
than the Research group and the Control
group on every unit. The Research group
did better than the Control group on all
units with the exception that there was no
significant difference between the Research
and Control groups on the unit of Water.

Sixth Grade—Tactual Information

The sixth grade comparisons indicated
that the Research group did significantly
better than the Experimental group on the
units on Atmosphere and Astronomy. The
Control group did significantly better than
the Exrerimental group on the unit of As-
tronomy.

Results with Respeet to Pupil Progress -

The test results from the administrations
of the critical thinking instrument and from
each of the unit tests were used to determine
student progress with respect to the acquisi-
tion of critical thinking skills and of factual
information. In addition to the analyses
made of the comparisons hetween groups,
critical ratios were calculated to test the
significance of the difference between initial
and final sample means on each test. The
ratios for each group at each grade level on
all the instruments were statistically signifi-

cant with the exception of the Control

group on the critical thinking test at the
fifth grade level.

Tentative Conclusions

The experimental phase of the study seems
justified educationally in that the pupils in
all groups at the grade levels evaluated made
significant gains in subject matter informa-
tion. Significant gains were likewise made
by all the groups in critical thinking skills
with the exception of the Controi group in
the fifth grade. Besides these gains in pupil
achievement, the science supervisors in the
various schools indicated, in personal con-
versations, that teachers appeared more in-
terested in science and that scienee was being
stressed more than in previous years. The
tally of teacher responses to a questionnaire
item designed to elicit information about
emphasis upon science supported the ahove
observation. It was apparent that even the
Control teachers had placed more stress on
science. This is an interesting concomitant
of many experimental studies. It would
appear that there are conditions inherent
in an experimental study which arouse the
personal motivation of the teachers involved
in the study. This is what an investigator
should desire as ecach group of teachers should
do the best possible job with the particular
techniques that are employed in teaching the
pupils. _

The results. of pupil achievement on the
critical thinking instrument add support to
the belief that the components of scientific
thinking may be concomitants of science
instructions. This was evidenced by the
significant gains made by the pupils in the
fourth and sixth grade Control groups.
This finding differs from the results of several
other studies® and emphasizes the need for
additional studies. It seems to this inves-
tigator that the point of view that critical
thinking skills do not result from contact
with science instruction by qualified science
teachers is open to question. Personal ob-

‘servation would indicate that many excellent

scientists have acquired their abilities in
classrooms where problem-solving skills were
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not directly taught for. Care should be ex-
ercised in drawing generalizations without
some indication of the quality of the science
teacher. It is possible that the teacher is a
most significant factor in any teaching situa~
tion and that good science teaching will
produce significant changes in pupil ability

to think scientifically even when the com-:

ponents are not directly stressed as such.

The fourth grade Research group did
significantly better on subject matter than
the Experimental and Control groups and
the Control group likewise did better than
the Experimental group in subject matter
achievement. At the sixth grade the Re-
search and Control groups did better than
the Ixperimental group. It would ap-
pear at these two grade levels that the
Experimental groups did not profit as much
as the Control groups with respect to science
content. However, the Research tecachers
who used the same materials produced as
great or greater gains than the Control
teachers so there is some evidence to indi-
cate that the materials were more cffective
tl.an the Control procedures.

The strongest evidence for the efficacy of
the units resulted from the analysis of the
fifth grade data. Since both the Experi-
mental pupils and the Research pupils did
significantly better than the Control pupils,
the materials at this grade appear very
effective for teaching critical thinking and
science content.

The conparisons between the various
groups on the Critical Thinking instrument
show that some of the materials, as developed
for this study, may be more cffective for
teaching critical thinking and science con-
tent than procedures that are not designed
specifically for the direct teaching of content
and methods of science: However, it is to be
noted that all the materials did not produce
significant differences between groups. Con-
tinued research is needed in the development
of materials for the direct teaching of critical
thinking skills at all levels of instruction.

The results of the comparisons at the
fourth grade appear to indicate that the

teachers who had had experience in develop-

ing the materialsiwere more effective in using
the materials than those who had not had
this experience. However, this condition
did not hold for the fifth and sixth grade
teachers. Therefore, it may be concluded
that in-service seminar experiences in build-
ing units designed to directly teach for critical
thinking skills do not necessarily hetter pre-
pare teachers to implement these skills in
classroom situations.

It secems justifiable to state that the re-
sults of this study lend support to the idea
that seclf-contained units designed to teach
directly for both content and critical think-
ing skills may be effective aids for teaching
those objectives.

Educational Implication

In the light of the results of this study, the
following educational implications scem rea~-
sonable and justifiable,

1. The ability to think scientifically can
he a concomitant outcome of science instruc-
tion.,

2. The ability to think scientifically can-

be taught more effectively when students
are given direct training in the methods of
science than when they do not receive such
training.

3. Problem-solving can be an cffective
method for teaching both facts and ¢kills in-
herent in the methods of science.

4. It is possible to construet effective ma-
terials for the direct teaching . . . of the meth-
ods of science.

It is interesting to note that the above
conclusions are the same as those drawn
from a study with college students.?
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