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ABSTRACT

Hany science educators have commented about the possible processes learning
components of the recently developed project courses. It would appear that junior
high school students participating in the type of direct learning activities des-
cribed by the IPS program should increase their abilities to observe, to measure,
to infer, to use and collect numerical data, to communicate with graphs, and to
design parts of laboratory investigations. The first five chapters of IPS seemed
especially geared to the development of such process skills, or at least to their
being adequately practiced.

This project was conducted in order to determine if process learning was sig-
nificantly changed during the period of time that eighth grade students were using
the first 5 chapters of IPS. The sample consisted of the eighth grade classes that
used IPS during the fall of 1969 at Union Street Junior High School located in
Bangor, Maine. Classes were organized on & homogenious basis. Divisions were .
labled 81 through 84 from high to low. Ninety-two students participated in this
study. Criteria.for placement included IQ, teacher recommendations, interviews
conducted by guidance personnel, and student records of achievement in English and
mathematics. These classes were taught by one of the authors who served as an
interclass control. At the time he had taught IPS for two years and had completed
training at an IPS sponsored workshop.

The experimental data gathering procedures consisted in administration of The
Test of Science Processes which was developed and field tested for the junior high
school by Tannenbaum. This test was administered prior to any IPS instruction and
also after all classes had completed chapter 5 of IPS. In addition, three process
practical examinations developed by the authors were administered following chapter
2, 3, and 5. Additional achievement and intelligent data were collected.

The basic statical hypothesis was that there would be no statistically sig-
nificant changes in process learning skills during the time period selected.
Scores on the process test were analyzed by comparing pre with post test scores.
Stgdentz t was employed at the 0.05 level of confidence. The null hypothesis was
rejected. .
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The classes were compared on their scores on the author developed practical
process measures to determine if certain IPS chpaters facilitated the development
of specific skills. In general, the scores indicated a positive correlation be-
tween placement into homogenious groups and process scores. One notable exception
was skill in using the balance heam in which all groups produced like scores.

The data trends available from this study were interesting particularly be-
cause significant positive changes in measured process skills were observed.
Classes showed different changes in process development. Intelligence level seemed
to be a factor in determiniag which processes would be learned. Classes with lower
intelligence levels showed the most change in process learning. The authors recom-
mend that programs such as IPS may be better utilized in Tower ability groups.




The Process Learning Components of Introductory Physical Science:
A Pilot Study

Introduction

Many science educators have commented about the possible process learning com-
ponents of the recently developed Lroject courses. The bulk of the opinion sug-
gests that from the content of courses such as IPS, BSCS, and Science A Process
Approach the major expected learning outcomes will be the development of specific
menfa] skills rather than the learning of concepts as suéh. Direct observation of
student behavior in the IPS pfogram has shown that major learnings might be asso-
ciated with students'’ abil%ties to observe, to measure, to infer, to use and col-
Tect numerical data, to communicate data trends graphically, and to design Iébor-
atory investigations. Inspection of the first five chapters of Introductony
Physical Seience {IPS) poinfed out that those chapters might be especially geared
to development and use of process skills.

This investigation was conducted to detefmine if process learning was signi-
ficantly changed during the period of time that eighth grade students were using
the fifst five chapters of IPS. The stﬁdy focused on changes in process learning
abilities, descriptions of student's measured mental abilities, and their perfor-

mance on author constructed process practical examinations.

Problem and Hypoiheses

This study used a treatment group only design. Comparisons of brocess learn-
ing were made on a pretest and posttest Sasis. Studehts were 511 enrollied in the
IPS course under the same teacher duriﬁg the same school term. Students were
placed into each ofithe fouf sectiohs which were reported to feature homogeniety
of abiiity. The fol]bwing null hypotheses were tested:

1. There are no differenceS'wifhin each IPS class on test measured process
learning components and on a camposite. process 1earn1ng total score when process
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scores are compared on a pre-post test arrangement.

2. Process learning will not differ between homogeneous divisions of the
course.

3. Significant corvelations will not be observed when measures of academic
achievement, reading level, and intelligence are compared with process measures.

In addition, a series of‘process practical examinations were administered to
determine if the same kinds of results would be observed with object based tests

as with a pencil and paper test of science processes.

Population and Sample

The sample in the study was the eighth grade science students at Union Street
Junior High School, one of three junior high schools in Bangor, Maine, The school
has approximately 330 students enrolled in grades seven, eight, and nine. The
curriculum of the school was fairly typical of modern junior high schools with the
possible exceptions of modern math for all divisions in grades seven and eight, and
oral French for ninth‘grade French classes.,

The seventh and eighth grade dre both divided into five groups ranging in size
from 18 to 35 students. The groEEE;Bere composed of students of similar ability
with 81 having highest general ability to 85 with ]owest.general ability. Many
criteria were used in determining placement in the various groups while in the
seventh grade. The criteria were 1.Q. level, teacher recommendations in English
and mathematics, general performance in seventh grade classes, and interview with
students new to the area who brought with them either incomplete récords or no
records at all.

The classroom was a standard sized classroom. Flat-tonped tables were ar-
ranged in island fashion with one team of students per tabla and two tables facing
each other. The teams were chosen by the instructor and for the most part were

comprised of two students, but in larger classes a few teams were three in size.

)
El{jﬂ:i] of the IPS equipment and supplies were available for student and instructor use

IToxt Provided by ERI



There was only one sink. There were 35 texts available and, hence, were not asign-
ed to any particular class, but were retained in the room at the various tables.

In early Movember the instructor stopped utilizing the IPS course with the
85 division. Reading was a problem and an extreme amount of time was taken in pre
and post lab activities. This, plus student desire to study material more relevant
to their interests, prompted the instructor to drop IPS in favor of a series of
individualized science projects.

The sample included in this study consisted of those students in classes 81
through 84 who had taken The Test of Science Procedses both as a pretest and post-
test. The total sample size was 92 students. Approximately 40 students were lost
becau§e of absences during either of the two test administrations, or withdrawal
from the school system. . |

Mr. Sewell, the instructor, holds a Baccalaureate Degree in Botany and a
Masters Degree in Education from the University of liaine, Orono. He had four
years previous science teaching prior to the research project year. Three years
had been in eighth grade general science programs and the year previous had taught
general science and IPS. This project took place during first half of fifth year
teaching. Mr. Sewell had participated in an IPS sponsored workshop taught in
Pittsfield, Maine by a qualified IPS workshup Instructor. The Instructor had been
a participant in a six-week summer Program conducted by Uri Haber-Schaim. Mr.

- Sewell had also wet and discussed the IPS program with one of the authors, Judson

B. Cross, prior to implementing it in the 01d Town School System.

Insthuments Used

The primary instrument employed in this study was The Test o4 Science

Processes developed by Tannenbaum-1 This test was developed for, and trial tested

on students in grades seven, eight, and nine. The science processes considered in

the test are observing, comparing, classifying, quantifying, measuring, experiment-
Q '
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ing, inferring, and predicting. In addition, the test yields a total scors on all
processes considered. The test is multiple choice formatted, and requires seventy-
three minutes of actual testing time. It features item stems vhich are largely
pictoral. The illustrations for the first twelve items are 35mm color slides.

The remainder of the 96 items are based on printed black and white iilustrations.
Tannenbaum reports a Kuder-Richardson formula 20 reliability of 0.91 for total
score and reliabilities for the subscores ranging from 0.30 to 0.80. This test

was the only one dascribed in the literature at the time the fnvestigation was
planned which had avai]abie norm data and was developed expressly for junior high
school use in the measurement of process learning.

In the internretation of the process measures of the classas studied it was
anticipated that measures of achievement and inte]iigence would be helpful. For
this purpose the Metropolitan Achievement Tests (fowm G, Advanced) were used.?

The following subtest scores were analyzed: Word Knowledge, Reading, Language,
Spelling, Mathematics Computation, Mathematics Concepts, Mathematfcs Problem Solv-
ing, Science, and Social Studies. Intelligence scofes were abtained from the O£is-
Lennon Mental Ability Teat Intenmediate Level Form 3.3

Three process practical examinations were developed by‘the authors. Each
was'keyed to relevant chapters of the IPS program. Students were allowed to use
their texts and laboratory notas while taking the quizzes. Following chapter 2 of

the 1PS work the following quiz was administered:

Process Practical Examination I

1. A drop of material will be placed in your hand. Write down 211 you can cbserve
about the material. Do not taste it. You will be given 5 minutes to complete the
work. Place your observations on the lines below. (Expected responses were one
observalion with the senses of touch, heaning, smelling, and seeing as well as one
deseribed change.)

2. You will be given two objects. List allvthe'properties that both have in com-
zgn 22 the)]ines below. (The objects wene Lead balls and glass manbles of unequak
ametens .

N
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3. 0Observe the objects again. List all the differences you can between those ob~
jects on the Tines below.

4. You will be given an object to work with. ieasure the mass of the object in
beads. (The object was a sugar cube.)

5. You will recall that the volume is obtained by multiplying the lengths of the

sides of an object. V=1 xw x h. Determine tha volume of the object in question
number 4 in cubic inches.

Following chapter three of the IPS work the following quiz was given:

Process Practical Examination II

1. You will be given a block of wood, determine:

a) the valume of the wood in cm.3

b) the mass of the wood in beads.

C) the density of the wood.

c) change the density for answer ¢ into g/cm.3
2. You will be given four small bottles containing various substances. You are
asked to classify them in four differvent ways. VYour answer should include that
property which you are using to group them.

3. The density of some solids, liquids, and gases ({n grams pen Subic centimeter)
were presented in a table (similan to Table 3.1 4n the IPS Zext].

a) List any 4 substances that will float in mercury.

b) List any 4 substances that will sink in water at room
temperature.

€) You would Tike to fill a baloon with a gas so that it
will rise into the air. Put the gases in order from the
one that will give the least 1ift to the one that will
give the most 1ift.

After chapter 5 the following quiz was administered:

Process Practical Examination III

You will be given two chemical substances to examine thoroughly in this class hour.
I suggest that you attempt to identify these substances by answering the following
questions. Avoid jumping to a guess, but rather develop a series of experiments
ang then conduct your experiments to determine the characteristic properties of the
substances. - '




a) What properties do you desire to determine?

b} uhat procedure is used to determine each property?

c) What specific obsarvations did you make?

. ¢) What do you conclude the substances are?
{Note: a table of the physical propenties of a number of compoﬁndb and efements
was included. The unhnowns wene naphthalene and paradichlorobznzene)
The process practical examination items werc developed both with reference to

the content of the IPS fext and Tannenbaum's operaticnal definitions of specific
science processes. In Table I the process identification of each practical exam-

ination score is listed.

TABLE 1

Process Identification of Process Practical Examination Items with
Tannenbaum's Operational Definitions

Science Process (Tannenbaum's) Practical Exam. Items
Observing I-1

Comparing 1.2, I-3

Classifying I1-2

Quantifying .11-3

Measuring I-4, 1-5, 1I-1
Experimenting {11

Inferring I11

Predicting I

i
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Hethod ,
The Test of Science Processes was administrated to each class just prior to the!
start of regular class activities in September 1969 and again following comp?eéion
of chapter 5 of IPS in January 1970. The differences between the means for eaéh
class were compared for each process and for total score. The same comparison;g
were made for all eighth graders enrolled in IPS using student t.% The Metnopol%tan
Achievement Tesi and the Otis-Lennon Mental AbLiLity Test were administered as pért
ot a school wide testing program during early October 1969. Comparisons betwee%
process scores (fon post-fesit) and achievement and intelligence scores were madé
using Pearson product moment correlations.6 Differences in process practical e%am-
ination scores were done qualitatively because of the descriptive nature of the%test

!

responses. g

Results ;

Differences in process abiiities were found for each class using t's signifiw
cant at or beyond the 0.05 level of confidence (see Table ITI). In order of thé
ability Qf the classes, starting with 84, the observed differences are given in
Table II.

TABLE II
Process Learning Differences Determined

From Pre~Post Administrations of
The Test of Science Processesd

Class Number Ability Level Science Processes
84 Lowest Observing
: Classifying
Total
83 Second Lowest Classifying
Experimenting
Total
82 Second Highest Measuring
Inferring .
Total
81 Highest No Significant

Differences




TABLE III

Comparisons Within Homogeneous Classes of Process Components from
The Test of Science Processes using Student's t Between
Pre-post Administrations

Class Pretest Post test
Number N Mean Mean t
Observing 81 22 6.00 6.22 0.479
82 22 5.31 5.77 0.990
83 25 4.83 5.28 1.027
84 23 4.7 5.17 2.185 *
Total 92 5.06 5.59 2.364 *
Comparing 81 22 4.13 3.90 0.774
82 22 3.40 3.86 1.267
83 25 3.00 3.63 2.063
84 23 2.95 3.47 1.664
Total 92 3.3 3.7 2.227 *
Classifying 81 22 9.81 10.22 0.626
‘82 22 8.09 9.27 1.818
83 25 7.28 8.75 2.181 *
84 23 6.65 8.00 2.533 *
Total g2 7.92 9.04 3.561 *
Quantifying 81 22 10.22 10.77 1.867
82 22 8.40 9.22 1.430
83 25 8.44 8.48 0.077
84 23 7.69 8.52 1.563
Total 92 8.67 9.21 2.213 *
leasuring 81 22 18.09 18.04 0.067
82 22 13.50 16.13 4.805 *
33 25 11.96 12.48 g.721
84 23 10.52 11.34 1.078
Total 92 13.43 14.40 2.730 *
Experimenting 81 22 5.45 5.72 0.826
82 22 5.18 5.45 0.709
83 25 3.36 4.71 3.123 *
84 23 3.47 3.52 0.094
Total 92 4.32 4,83 2.440 *
Interferring 81 22 8.13 8.86 1.560
82 22 5.90 7.09 2.252 *
83 25 5.32 6.40 1.610
84 23 4.00 4,91 2.056
Total 92 5.80 6.78 3.654 *




TABLE III Cont.

Comparisons Within Homogeneous Classes of Process Components from
The Test of Sclence Procesdses using Student's t Between
Pre-post Administrations

Class Pretest Post test

Number N Mean Mean t
Predicting 81 22 4.77 4.68 0.266
82 22 4.31 4.13 0.445
83 25 3.44 4.08 1.345
84 23 2.56 3.30 1.809
Total 92 3.75 4.04 1.402
Total a1 22 66.63 67.81 $.530
' 82 z22 53.22 59.81 3.043 *
83 25 47.64 ' 53.87 2.454 *
34 23 42 .04 48.26 3.339 *
" Total 92 52.11 57.22 4,552 *

*Significant at or beyond 0.05 level of confidence

TABLE IV
0£is~Lennon Mental Ability Test Data for Homogeneous Classes and the Total Group

Class fo. N Mean IQ Median IQ Range of IQ S.D.
81 22 119.8 118.5 102-138 9.99
82 22 108.5 109.5 87-128 9.84
83 25 102.6 102.0 80-126 10.67
84 23 94.9 95.0 84-111 7.41
Tatal 92 106.2 ' 105.0 80-138 13.07
«9-




In Table IV the intelligence scores for the classes are listed. It appears
that there is a relationship between inteliigence and process skills such that
more intelligent groups at the eighth grade level were further down a continuum of
difficulty from observing to experimenting at the onset of instruction. Addition-
aily, the processes learned or processes in which more ability is evident at the
close of treatment than before, were dependent upon the prior ability. C(lasses 84
and 83 were apparently ready to learn observational and classificational skills
which may be prerequisite for learning measurement and inference making. Class 82
may then have already passed the threshhold performaﬁée in observing, comparing,
classifying and quantifying so that they could master measurement and inferring.
Class 81 may have already possessed an pptimal level of process skill for their
age so that no appreciable change could have taken place. This does not, however,
rule out possible gains in concept learning for the upper group. No attempt was
made in this study to monitor concept development.

The same general trends were observed from the qualitative results of the
practical process examinations. There were only small differences in achievement
in observing. All classes demonstrated adequate abilities on comparing, but class
84 was somewhat Tower in ability than the others whose scores clustered closely.
A1l classes performed simi]ar}y on the classification item. Classes 81, 82, and
83 mastered the quantifying item while class 84 behaved at a much tower level.

The measurement items did not produce similar results. Item I-4 indicated
that all groups could use the balance beam within the required tolerance. None of
the groups successfully calculated the volume required in item I-5. Item I1I-1 in-
dicated that class 81 had mastered the item. Classes 82 and 83 performed at a
slightly lower level and'class 84 could not respond to the item. On experimenting
{which subsumed Anferdng and p&ed&éxing) only class 81 mastered the item while

the other classes were not able to respond.

-10-

f
15




The large differences observed between the classes in this sample on process '
skills seemed to indicate a commonality in the kinds of abilities measured by in-
teltigence tests and process tests. Since both types of measures require reading
and other linguistic abilities, correlations were calculated between specific
ability tests and the post-test process scores for the whole group. 1In Tables V,
VI, and VII the correlation coefficients are listed. Excepting for comparing, all
of the process scores seem to be highly related to the other scores with no spe-

cific trends emerging.

TABLE V

Product Moment Correlation Coefficients Between Metropolifan Achievement Test
Reading and Language Arts Scores and Post-test Scores on The Test of Science

Processes

Process Components Yord Analysis Reading L.anguage Spetling
Observing ~ 0.33 0.23 0.32 0.14
Comparing 0.17 0.09 0.17 0.02
Classifying 0.3 0.28 0.38 0.23
Quantifying 0.47 0.45 0.52 0.31
Measuring 0.65 - 0.61 0.60 0.46
Experimenting 0.45 0.50 0.48 0.35
Inferring 0.50 0.52 0.51 0.41
Predicting 0.18 0.26 0.3 0.19

Total Score 0.61 0.59 0.63 0.41

<11~
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TABLE VI

Product [‘oment Correlation Coefficients Between Metropofitan
Achievement Test Mathematics Scores and Post-test Scores on
The Test 04 Science Procedses

Process Componants Computation Concepts Problem Solving

Observing | 0.21 0.25 0.23
Comparing 0.04 0.1 0.02
Classifying 0.30 0.29 0.32
Quantifying 0.54 0.48 0.52
Measuring 0.62 0.59 0.72
Experimenting 0.26 0.4} 0.27
Inferring 0.42 0.51 0.51
Predicting 0.22 - 0.34 0.36
Total Score 0.52 0.58 0.61
N =92
-12<
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TABLE VII

Product Moment Correlation Coefficients Between Metropofitan Achievement
Test Disciplinary Scores, 0tis-Lennon Raw Scores and Post-test Scores on
The Test of Science Frocesses

Procass Components Science Social Studies Otis-Lennon

Observing 0.40 0.33 0.35
Comparing 0.1 0.25 0.22
Classifying 0.32 0.39 0.43
Quantifying 0.54 0.53 0.59
Measuring 0.66 0.61 0.73
Experimenting 0.31 C.47 0.42
Inferring 0.44 0.55 0.55
Predicting ' 0.24 C.34 0.22
Total Test 0.60 0.66 0.70
N =92

The Test of Science Procedses appears to have had approximately equivalent
reliability in this study as Tannenbaum indicated. In Table VIII the pre-post
‘test correlations are listed along with Tannenbaum's Kuder-Richardson reliabili-
ties. The largest single difference was that the total score correlated lower

than the reported reliability. Some of these differences may have been due to

‘the IPS course as a specific treatment.




TABLE VII

Product Moment Correlation Coefficients Between Pre- and Post-Administrations
of The Test of Science Processes and Kuder-Richardson Reliabilities Reported
by Tannenbaum for eighth grade

Process Number of Correlation Kuder-Richardson

Components Items Coefficient Reliability
Observing 9 0.32 0.42
Comparing 5 0.17 0.31
Classifying 13 ‘ - 0.32 0.58
Quantifying 12 0.38 0.67
Measufing 25 0.73 0.80
Experimenting 10 0.51] 0.47
Inferring : 14 0.56 0.63
Predicting 8 0.39 0.56
Total Score 96 - 0.70 0.90

Discussion and Conclusions

It was evident that scores on The Test of Science Processes changed signifi-
cantly during the first 5 chapters-of the IPS course as a treatment. The whole
group changed on all the process measures .except predicting. Those results appear
to-be in harmony with the IPS program inciuding up to chapter 5. The null
hypothesis that process learning would not change during the IPS course is reject-
ed. Similarly the hypothesis that all classes would remain at the same relative
level on process learning is rejected. There were differential changes observed
which indicated that prior ability level on certain‘proces§es is required for

changes to occur. If the IQ scores can be considered to be an indication of

-14-
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logical maturation then it appears that process skills are developed in a Sequence
starting with observing and culminating with experimenting. Evidence presented in
this study is only sketchy in the order of development of the other processes. It
appears that comparing and classifying are roughly equivalent in order of learning.
Quantifying and measuring appear to develop next. Processes which require taking
mental risks such as inferring and predicting may be the last to emerge. Experi-
menting appears to be the most complex and subsumes all other processes.

The great similarity of all the achievement and process measures used in this
study attested to by the large number of significant correlations between them
points out that the kinds of skills measured in all cases were closely related.
There are several possible explanations for this. Many test makers believe that
all tests which must be read are biased towards the better reader. Even though
The Teat of Science Processes included stems which were largely pictoral, the
testee was still required to do considerable reading. There may be, however, an
additional reason. Reading ability and ability in science processes both have a
basic dependence upon perceptital skills. Diagnostic testing of the development of
linguistic abilities usually features decoding of pictoral as well as symbolic in-
formation. Tests of linguistic abilities such as the IL&inodis Test of Psycho-
Linguistic Abiﬂétieé7 include items which are very similar to the process measures
for observing, comparing, and classifying. A basic dependence upon the same pre-
requisite abilities could be a cause of the observed similarity of measurement.

This study included only information on a group receiving a specific treat-
ment. A commonly stated objection to this type of design is that at its conclu-
sion it is not clear if the observed changes in learning are due to the treatment
or maturational factors. In the case of this study a group could have been used
which did not have the IPS program but another, perhaps non-laboratory oriented
one. Comparisons of the two programs may or may not have p:oduced observed

differences. In such a design neither program can really serve as a control for

-]i.
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the other becaﬁse of Targe differences in intended Tearning objectives. Each pro-
gram will have different behavioral goals and conceptual emphases. Each program
viould be expected to produce unique results. A complete control would be obtained
in regularly operating public schools. The results reported in this study may be
general to IPS courses. Replication on a much larger sample would be neceded prior
to generalization of these findings to the IPS program as a whole.

This study has reported many more changes in process learning for lower
ability groups. It is our cbservation that the IPS program is often adopted for
higher ability groups. School administrators generally te]i us that such programs
should not be wasted on non-academic students. We recommend that programs such as
IPS are more likely to enhance the science learning of lower ability students. We
think that laboratory learning is more necessary for the lower ability groups
because they may still be 1earning very simple science processes. Once these pro-
cesses are learned it may bé possible for students to work entirely at the level
of abstraction. Even then it may not be possible to adequately learn science with-

out direct laboratory experience.

19
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