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ABSTRACT

The purpose of this study was to examine the effect
of the use of the calculator on science-related outcomes.

The outcomes consisted of the students performance in science,
their attitude to some facets of science (four concepts), plus
speed, accuracy and achievement in arithmetic.

In this investigation, 18 grade ten students were
instructed with the aid of a calculator in two science units,
both of which involved fundamental operations‘in arithmetic.
These 18 students were then compared to another group of 18
students who were taught without the use of the calculator.
Other factors which were also considered included the effect
of calculator usage during testing and the effect of time of
testing.

All students were tested prior to and after the
instruction. The performance test in science was also given
thrée weeks after the termination of instruction. The findings
fof attitude suggest that any changes in attitude due to the
type of instruction were either parallel changes or non-

existent for the two types of instruction.
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The changes in arithmetic performance were similar
to the changes in attitude. It did not seem to matter which
one of the two instructional types were used, since student

performance in arithmetic as measured by the facets speed

‘and accuracy improved from pretest to posttest. This suggests

that the type of instruction withwor without the calculator
has no significant effect on arithmetic performance.

There was, however, a significant effect in achieve-
ment in science due to instructional type (recalling that
this'was a post-retention test). The results favored the
group using the calculator during instruction.

The implications of the study are that studenhts of
similar age and background will score higher on mathematical
problem-oriented units in science, if they use a calculator
during instruction. At the same time, there is very little
difference in attitude between the two groups, and no loss in
computational ability in arithmetic.

The results of the study aléo imply that when problsm-
oriented science tesés are made up, keeping in mind that

calculations are to be done manually, there is no effect due

to the use of the calculator during testing.
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CHAPTER I

INTRODUCTION

We are living in an age bf future shock, and nowheré
is this more evident than in the field of pocket calculators.
In the past two or three years, hand calculators have been
increasing in number and decreasing in price. The microcir-
cuit technology spin-off from the space industry has given
the consumer a handy calculating tool. The full éxtent to
which the availability of electronic calculators will affect
the teaching of science and mathematics.has Qet to be

determined.l

Backaground to the Study

There are conflicting views about the effect of the
calculator on students. Opponents of calculators say that

students will not know the basic paper-and-pencil algorithms

lDeede Pendleton, "Calculators in the Classroom,"
Science News, 107, No. 11 (1975), 175.



for addition, subtraction, multiplication, and division,
just as television-oriented students no longer seem to know

2 The device, critics

the basics of grammar and spelling.
contend, will eventually make paper-and—pencil mathematics
.obsolete.

However, instructors who are using calculators take
the opposite stand. They say that calculators allow students
to solve more relevant types of problems, therefore stretching
their'interest and increasing their motivation. Calculators,
because of their speed and accuracy, lend themselves to
complicated problems previously avoided by school teachers.>

These conflicting views together with the greater

availability of the calculator have provided the stimulus

for this investigation.

Statement of the Problem

The purpose of this investigation is to consider the
following problem: What is the effect of the use of the

calculator on science-related outcomes? The outcomes chosen

2Richard J. Shumway, "Hand Calculators: Where Do
You Stand?," Arithmetic Teacher, 23, No. 11 (1976), 571.

31bid., p. 570.
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for this study are berformance in science, attitude to some
facets of science (four components), and performance in.
arithmetic operations.

The educational researcii and development in this
field is relatively new. Furthermore, the possibility ofv
supplying public schools with calculators will increase as
the price decreases. The National Council of Teachers of
Mathematics have formally endorsed the use of the calculator
in the classrcom.? Thus there is a need for research in
this field.

The effect of the use of the calculatqr on perfor-
mance in science courses that require some practical
mathematics has been observed, but as far as the writer has
ascertained, no research has been done in this area. Gerry
Pankiewicz, a science teacher, observed that the use of
calculators, with vocational students, improves motivation
and the rate at which students can learn sciencé concepts
that invol#e mathematic operations. His rationale for this

is that previous to the use of calculators, students became

4The Naticnal Council of Teachers of Mathematics,
Newsletter, The National Council of Teachers of Mathematics,
No. 11 (1974), p. 3.



so bogged-down in arithmetic calculations, that they were

5 Educational research

unable to achieve their real objective.
has not been done to determine the effect of the calculator
on science performance.

The effect of calqulator usage during testing will
also be studied in this investigapion. ~This question was
posed by Sosebee and Walsh: "Do students having a calculator
while writing an exam have an unfair advantage over the
students who cannot afford one? Or, dn the contrary, is the
student who has been using the tool and has it taken away
from him at a disadvantage when writing an examination?"®

The question of performance in arithmetic operations
was chosen because critics of the calculator contend that the
calculator will make pencil-and-paper méthematics obsolete.

Students will forget the basics and be unable to add if their

calculator batteries die.’ This study should indicate if the

) 5Gerry Pénkiewicz, "Science 203 Course used at
Kildonan East" (paper presented to Dr. K. Slentz, University
of Manitoba, 1975).

®Jackson Sosebee and Lola Walsh, "Pocket Calculators
and Test Scores in Introductory Chemistry," Journal of College
Science Teaching, 4, No. 5 (1975), 324.

7pendleton, op. cit., pp. 175-181.
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use of the calculator over an eight-week period has any effect
on arithmetic operations.

This study will also consider the effect of the
calculator on attitude because, instructors who have used the
device, claim that student motivation is increased.® The -
four facets of attitude--"What I learned in this science
éourse", "How I feel about this science course'", "Science
student”, and "Science teacher"--may give some idea as to
what causes this increased motivation.2

Jan L. Higgins, an associate professor of Math Educ-
ation at the Ohio State University, wrote the following:

"Teachers would be well-advised to begin experimental

classwork with pocket calculators, focusing on their use
as a basic tool in successful problem solving.

Concurrently, school administrators and other decision

makers should make funds available for the purchase of
such equipment for classroom use, for the calculator
must be viewed not as a technological curiosity but as

an essential implement in the newest mathematics."10

Consideration to the above recommendation has been given in

8Pendleton, loc. cit.

9Garth E. Martin, "An Evaluation of the Physical
Science 201 and 301 Programs in Manitoba" (unpublished Masters
dissertation, University of Manitoba, August 1975).

107an 1. Higgins, "Mathematics Programs are Changing",
N.A.S.S.P. Curriculum Reports, 40 (December 1974), 56-58.




this study.

The use of the term calculator in this paper implies
that consideration is being given to the performance charac-
teristics of the hand-held calculatoxr. The éalculators used
in this study were able to add, subtract, multiply, and divicse,

plus perform chain and mixed calculations.



CHAPTER II

REVIEW OF LITERATURE

There were two basic problems in conducting the
review of literature. Firstly, the early literature reviewed
relates to the use of the desk caléulétor in the classroom,
as opposed to the hand calculator. Secondly, much of the
research that has been conducted refers to the use of the
calculator in the mathematics classroom, not the science
classroom. Although these studies do not relate directly to
this particular study, the dependent vagiables relied on the
use of the calculator. These studies were, therefore,

considered relevant for this research.

Previous Studies

Studies were reported by Fehr, McMean and Sobel, 11

lly, F. pehr, George McMean and Max Sobel, "Using
Hand-Operated Computing Machines in Learning Arithmetic,”
The Arithmetic Teacher, 3, No. 10 (1956), 145-150.




Ellis and Corum;l2 and Keough and Burke, 13 suggesting that
the calculator improves student performance in mathematical
computation. In these studies, homogeneous groups not using
calculators established control for the experiment. The |
length of time for these studies ranged from four months £o a
full school year withlihevsample size ranging from sixty-one
to three hundred students. These results differ from those
of Longstaff, who found that there was no difference in the
level of achievement between grade nine and grade five
students using the calculator in arithmetic and those not
using it. However, Longstaff did observe that the low
ability students, who used the calculator, displayed more
positive attitudes towards mathematics than those low ability
14

students who did not use the calculator.

Another test which analyzed the effect of using desk

12June Ellis and Al Corum, Functions of the
Calculator in the Mathematics Laboratory for Low-Achievers,
1969, (ERIC ED 040 847).

13John J. Keough and Gerald W. Burke, Utilizing
an Electronic Calculator to Facilitate Instruction in
Mathematics in the Eleventh and Twelfth Grades, July 1969,
(ERIC ED 037 345).

l4p. R. Longstaff, Desk Calculators in the
Mathematics Classroom, June 1968, (ERIC ED 029 498).
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calculators on the attitudes and achievement of low achieving
ninth graders, was conducted by Cech. Based on his analysis,
Cech concluded that the use of calculators did not have a
significant effect on student attitudes. Furthermore, he
concluded that the use of the calculafor did not result iﬁ
any significant improvements of computational skills.}®

The most extensive study‘conducted on hand calculatbrs
was that of Glasin. With treatment groups of ninth graders
in general mathematics, ranging in number from 31 to 48
students, he compared the achievements and attitudes of
students who use conventional based algorithmsvfor operations
on positive rational numbers, with students who use algorithms
which were dependent on the use of the hand calculator.

Glasin's study is based on the'instguction to three
separate groups. One group performed operations on positive _
rational numbers according to.the usual text approaches, while
the second group used the conventional set of algorithms with
the calculator. The third group used an alternative algor-

ithmic procedure, where each fractional operand is converted

157, Cech, "The Effect of the Use of the Desk
Calculator on Attitude and Achievement with Low-Achieving
Ninth Graders", Mathematics Teacher, 65 (February 1972),
183-186.
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to a decimal using the calculator, and the indicated operation

is then performed on the calcu}ator. The five units of
instruction taught were addition, subtraction, multiplication,
division, and operating on fractions. The students attitude
“towards mathematics was then measured. Upon completion of
each unit, students were given a posttest, after which they
began a two week retention period. At the end of the two week
period, students completed a fractional retention test.

Using the .05 level of significance, the results of
the investigation suggested that, when computational skill
with rational numbers is the goal of instruction, the altern-
ative algorithm set with the calculator appears to be ,a viable
alternative to the conventional method of teaching fractions
to low ability and low achieving.students. When the goal is
to develop computational skill with rational numbers, via the
conventional methods, use of a calculator does not signifi-
cantlf and consistently affect performance. However, use of
an alternative algorithm, which uses the electronic calculator,

can produce success for slow learning children.16

16ywilliam L. Glasin, “"A Comparison of Achievement and
Attitudes of Students Using Conventional or Calculator Based
Algorithms for Operations on Positive Rational Numbers in Ninth
Grade General Mathematics," Research in Mathematics Education,
6, No. 2 (March 1975), 95-108.
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A recent investigation employing the hand calculator
was conducted by Schnur and Lang. The sample size consisted
of sixty students, aged nine to fourteen, all of whom were
seeking remedial assistance in arithmetic. The researchers
concluded that the incorporation of the minicalculator can
yield significantly higher results in the performance of
arithmetic computation (.001 level of significance). This
increase in achievement was accomplished over a four week
period.l7

The effect of the use of a calculator during an
examination is also of interest to the educator. A study in
the fall quarter of 1973, by Sosebee and Walsh, made a comp-
arison of students using a calculator during an examination,
with those students not using a calcula£or. One hundred and
sixty-nine first year college chemistry students were asked
if they had used a calculator during the examination period.
The resulting performance outcome showed a level of confidence
éreater than 99.5% in favor of those students who had used

the calculator for the examination. " No effort, however, was

- 17James 0. Schnur and Jerry W. Lang, "Just Pushing
Buttons or Learning? - A Case for Minicalculators," Arithmetic
Teacher, 23, No. 11 (1976), 559-562.




made to find the interaction‘of the students' use of a
calculator during the testing time with his use during class
time. Furthermore, students were not randomly assigned to
one group or the other; yet, Sosebee and Walsh still suggest
that calculators play a major role in the determination of

introductory chemistry grades.,l8 y

Summary

Although research has been conducted to study the
effect of the calculator on achievement, these studies, apar:
from the work of Glasin, have used the calculator to check
work, and then check the effect of this immediate reipforce—
ment on achievement. Results of the research by Fehr, McMean
and Sobel,19 Glasin,20 and Schnur aﬁd Langzl provide stat-
istical evidence that use of the calculator does improve
computational proficiency as compared to the pencil and papsr

method.

18g0sebee and Walsh, op. cit., p. 324.
19Fehr, McMean and Sobel, loc. cit.
20Glasin, loc. cit.

21Schnur and Lang, loc. cit.
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The studies by Cech?? and Longstaff23 have provided
the documentation that calculator usage has no effect upon
computational skill as compared to the pencil and paper
metnod.

Donald R. Quinn summarizes the calculator research
to date with the following statements: .

Students--a) learn to operate calculators easily

at almost any grade level,

b) compute better.with calculators than
without,

c) are able to tackle more "real-life"
prcblems,

d) suffer no loss of paper and pencil
computational ability, and

e) enjoy using calculators.?4

22cech, loc. cit.
23Longstaff, loc. cit.

24ponald R. Quinn, "Calculators in the Classroom,"
N.A.S.S.P. Bulletin, 60 (January 1976), 77-80.




CHAPTER III

DESIGN OF THE STUDY

Questions

To evaluate the effect of the use of the calculator
during the instruction of science units and during testing,
a comparison was made with students not using the calculator
during either of these times. The dependent measures in the
study consisted of: performance in science, performance in
arithmetic, and attitude to science. The questions dealt
with are summarized below. |

The first question concerns the effect of the use
of the calculator during instruction on the dependent measures:
What will be the effect of using the calculator during
instruction on the dependent measures (as indicated above)?

The second question dealt with the use of the
calculator during testing: What effect will using the
calculator during testing have on the deéendent measures?

A third question attempted to point out if there

14
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was any difference in attitude or performance in arithmetic
from beginning to completion of the program: Will there be
a difference in attitude to science, or in performance in
arithmetic, upon entering and terminating the program of
studies? Another question similar to question three is:
ﬁhat will the effect éfzthe time of testing have on the
performance in science as measured by post and retention
tests?

Question four attempted to find out if there was
any interaction among the independent variables: What is
the interaction of the independent variables;‘insfruction
and testing, instruction and time of testing, testing and
time of testing, and instruction, testing and time of testing?

Other questions which were coﬂsidefed included the
following: How are the dependent measures related to one
ariother?, and What rating was given to each concept on each
of the scales of the semantic differential used to measure

attitude toward science?

Operationalization of Variables

Performance in science was measured by an achievement test

described in the section Description and Selection

cf Instruments.




16
Performance in arithmetic opérations was measured by a Group

Test of Speed and Accuracy in Arithmetic Computation:

Dominion Test. Performance in arithmetic will consist
of three parts: speed, accuracy, and achievement.
Each of these facets will be measured as defined by

the Group Test of Speed.and Accuracy. 25

Attitudes to science will be measured by the Attitude SurveyZ26

described in the section Description and Selection

of Instruments. The four facets of Attitude measured

will be: "What I learned in this science course",
"How I feel about this science course', "Science
student”, and "Science teacher”.
Instruction is an independent variable which refers to teaching
the science units with or without the calculator.
Testing is an independent variable and refers to having or
not having the calculator available for use on the

examination.

25The Dominion Tests, Group Tests of Speed and
Accuracy in Arithmetic Computation, Form A and Form B,
- Department of Educational Research, Ontario College of
Education, 1955.

26Martin, loc. cit.
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Time of testing is an independent variable and refers to the
time at which the measures are taken, as a pretest,

posttest or retention test.

Procedure

Initially, verbal permission from the principal and
the teachers in the science department of a Winnipeg High
School was requested. Once permission was obtained at the
school level, the Inter-University School Research Committee
was approached by letter. Approval to conduct the study was
then obtained from the committee (see appendix A).

The length of instructional time was the same for
all subjects involved in the study. This instructional time
consisted of twenty-eight classroom periods,.each fifty
minutes in length, over a time span of approximately two and
one half months. The time span was chosen on the basis of
similar studies by Glasin,27 and Schnur and Lang.28

A test was constructed to measure the level of

performance in science. The test was designed to measure the

27Glasin, loc. cit.

28Schnur and Lang, loc. cit.
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student achievement of instructional objectives as cited in
appendix B. The validation was performed through careful
preparation of the test questions, in order to eliminate any
errors and ambiguities. Furthermore, four teachers were used
in order to determine the suitability of the questions. The
teachers were told to assess the guestions, keeping in mind
that all calculations are to be done manually in one fifty-
minute period.

In order to minimize the errdr, due to the zeal of
the teacher, the two classes were taught by the same teachers;
the researcher and a staff member from the Gordon Bell High
School. The control group (the class without calculators)
began the study with the researcher and, after fourteen periods,
were transferred into the classroom tauéht by the staff member.
Similarly, the experimental group transferred classrooms after
fourteen periods.

At the first meeting, the students participating in
éhe‘experiment were told that they would be taking part in an
experiment to determine the effects of the use of the calcul-
ator in science outcomes. They were also told that all work
was to be performed during class times onlyf and that there

was to be no work done at home.
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The studenfs were then'randomly assigned to one of
the four treatments. The four treatments of the two groups
within each class were as follows:

Treatment 1: The students were taught the science
unit and were asked to use the calé«
ulétor for all the necessary arithmetic.
These students were allowed the use of
the calculator on all performance
testing in science.

Treatment 2: The students received the same treatment
as the above group, except they were
not allowed the use of the calculator
during performance testing in science.

Treatment 3: The students weré tauéht the same
science unit as those in treatments
one and two, and they were allowed the
use of the calculator only during the
performance test in science.

Treatment 4: The same as treatment three, except the
students were not allowed the use of
the calculator at ény time.

Diagramatically, the structure of the experiment



would appear as shown in Tabie 1.

TABLE 1

20

Structure of Experiment

Testing

Time of Testing

Instruction Pretest Post test Retention Test
Calculator

Calculator

No
Calculator
Calculator
No

Calculator No

Calculator

The pretest and posttest were given to measure the

variable performance in science, performance in arithmetic

operations, and attitude to science, as defined in the section

Operationalization of Variables.

The retention test was used

to measure only the dependent variable--performance in science.

" The pretest and posttest used to measure performance in

arithmetic, took place without the use of the calculator.

The pretest of performance in science, was given to determine
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the students prior knowiedge on the topics "Heat'" and "Work".
None of the students demonstrated prior knowledge in these
topics. As a result, no students were deleted from the
program. Also at this time, those students using the calc-
ulator during testing were given some instruction in its

operation.

Course Content

The first criteria for selecting the material to be
_instructed in this study was that it satisfy the grade ten
requirements of the high school science department. The
second requirement was that the instructional units stress
practical mathematical manipulations and contain a need for
the fundamentals of arithmetic.

As a result, units on "Heat" and "Work" were selected.
Work in these units included a considerable amount of practical
science mathematics which gave quick and practical results.

The basics for the unit on "Heat" was that of chapter eleven

of the Introductory Physical Science textbook,29 the "Work"

29Educational Services Incorporated, Introductory
Physical Science (Englewood Cliffs, N. J.:  Prentice-Hall
1972).
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unit was taken from Interaction of Matter and Enerqy.3o

The general instruction in the concepts of "Heat"
and "Work" was a combination of teacher lectures, demonstr-
ations, and student lab activities. The general sequence of
instruction was that, firstly, a rationale of the topic wés
given, and secondly, the teacher, through lecture and demon-
stration, then described the lab activity. Next in turn, waé
the lab activity itself. The students worked in pairs, after
which they summarized the lab with written reports that were
handed to the teacher. Following this was a drill on the
theory in the form of verbal questions and student worksheets.
This sequence was then repeated for the next lab activity.

At the end of the units, the students were given a quiz on
the theory. |

The general course content and the objectives of the‘

course are given in appendix B.

Selection and Description of the Sample

The subjects used in this study were grade ten

. 30Norman Abraham, Patrick Balch, Donald Chaney and
Lawrence M. Rohrbaugh, Interaction of Matter and Energy
(Chicago: Rand McNally, 1968).
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students registered in scienée at a Winnipeg High School.

The high school, a large academic school located in a major
urban centre, has a combined junior and seniqr high system,
grades seven to twelve. The school is quite progressive, as
it has innovated new programs in the past. The students
ranged in ability from "phase one" to "phase three", as
érouped by the school's science department. This meant that
the students were representative of about 75% of the school's
population.

A piloting of the instruments indicated that the
variance for performance in science and attitude to science,
as measured by concept 1, "What I learned in this science
course", concept 2, "How I feel about this science course",
concept 3, "Science student", and concept 4; "Science teacher",
are as follows: 17.092, 128.743, 259.393, 246.275, and
323.254, respectively. These‘figures were used as approx-
imations of error variance. Cell sizes were calculated with
a desire to point out meaningful differences of one standard
deviation betWeen treatment groups. The desire to point out
meaningful differences of one standard deviation was chosen
because of a desire to point out a large effect size. Brewer

suggests that a large effect size is greater than .8 standard
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deviation.3l The power of the test was arbitrarily set at
95% for the level of significance at .05.

The treatment group requirement for tests of main
effects was ten, and for first order interactions, sixteen.
This meant that in order to perform the study with a power
of 95% on first order interaction, 64 subjects were required.

Unfortunately, because of timetable restrictions
and a limited facility, only 40 students could be made
available. Therefore, the actual powér would be greater than
95% for main effects, but only 64% for first order interactions.
Cohen’ suggests that if nothing can be done about low power,
the research should be run and Hp tested. If Hpy is not
rejected, the failure may be due to low power, or Hp may be

true.32

Description and Selection of Instruments

The measurement of the dependent measures was made

31James K. Brewer, "On the Power of Statistical Tests
in the American Educational Researqh Journal," American
Educational Research Journal, 9, No. 3 (Summer 1972), 394.

327acob Cohen, "Statistical Power Analysis and
Research Results," American Educational Research Journal,
10, No. 3 (Summer 1973), 227.
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by both standardizea tests and brojectadeveloped tests.
Prior to the study, the instruments used to meésure attitude
and performance were tested. A week later, the instruments
were retested with the same group of students who had a
knowledge of the material to be instructed in the study.

The results of the piloting of the instruments indicate that
the test-retest reliability for performance in science was
0.82. As for the four facets of attitude, measured by the
concepts "What I learned in this science course", "How I feel
about this science course", "Science student", and "Science
teacher", test-retest reliabilities were 0.91, 0.91, 0.80,
and 0.86, respectively. These measures indicate that the

results of the test should remain constant over time.

Performance Testing in Science

Performance testing will be a measure of the students
achievement of instructional objectives, as stated in appendix
E. Performance testihg, or achievement testing, has been the
traditional means by which the evaluation of instructional
objectives has taken place in the past. Taylor and Cowley
state that, in the past, program evaluation was equated

almost exclusively with the administration of a standardized



26

test accompanied by a comparison of two groups.33

Program evaluation has developed to the point where
achievement testing is no longer standardized. Stake indicates
that standardized achievement tests are inadequate for
curriculum evaluation.3% Project developed achievement
testing provides an alternative to.standardiZed achievement

testing.

Computational Ability in Arithmetic Operations

The test selected was the Group Test of Speed and

35

Accuracy in Arithmetic Computation. The test designed for

students in grades five to ten, in the four operations of
addition, subtraction, multiplication, and division with
whole numbers, measured three faceté of computational ability:
speed, accuracy, and achievement. The reliability between

form A and B of the test, as cited by the publisher was

33p, Taylor and D. Cowley, "New Dimensions of
Evaluation," Readings in Curriculum Evaluations, eds. Taylor
and Cowley (Dubuque, Iowa: Wm C. Brown Co., 1972), 1.

34R. Stake, "Toward a Technology for the Evaluation
of Educational Programs," Perspectives in Curriculum
Evaluation, ed. B. Othanel Smith (Chicago: Rand McNally and
Co., 1968), 6.

35The Dominion Tests, loc. cit.
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0.91, 0.64, and 0.91, respectively, for speed, accuracy, and

achievement (see appendix C).

Attitudes

As indicated by Shaw and Wright, attitudes are the
end products of the socialiéation process, and they signif-
icantly influence man's responses £o cultural products, to

36 If one can

other persons and to groups of persons.
determine the attitude of a person toward a given object, or
class of objects, then this information can be used in
conjunction with situational and other disposifional variables
to predict and explain reactions of the person to that class
of objects.

Cronbach stated "attitudes are prominent among the
outcomes with which course developers are co:ncernecfi".?"7
Evaluators must attempt to measure these attitudes, and

attempt to relate them to the program as a whole.

- In this study, a semantic differential was used to

36M. E. Shaw and J. M. Wright,'Scales for the
Measurement of Atttitudes (New York: McGraw-Hill, 1967).

37L. Cronbach, "Course Improvement Through Evaluation,"
Teachers' College Record, 64, No. 8 (1963), 673.
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evaluate attitudes. The semantic differential consists of a
number of bipolar adjective pairs, separated by a seven point
space. A number of such pairs are placed with a given concept
and a subject is' asked to rate each set of adjectives in
relation to the concept.

Since the purpose of this study was not to design an
instrument for measuring attitudes, a search was made to find
a suitable instrument. After careful consideration, the
writer decided to use the semantic differential as designed
by Garth Martin.38 The rationale for this decision is as
follows:

1. The test was designed for a group of\science

students.

2. The group of students used in this study are

similar in age and ability to those used in
Martins' investigation.

3. The instrument is clear and concise.

This instrument was used with the permission of the author

(see appendix D).

38Martin, loc. cit.
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Structural Model

Kirk, using the design presented in this chapter,
suggests a structural model to help answer questions one to
four cited in the first section of ghapter three.39 The
mocdel will answer the preceding guestion for the variates,
attitude to science as measured by the concepﬁs: "What I

- iearned in this science course", "How I feel about this science
course", "Science student", and "Science teacher"; performance
in science, and, speed, accuracy and achievement in arith-
metic.

The model, and an éxplanation of the symbols used in

it, are as follows:

Xijkm =u ooyt Yy * ayyp t ﬁm(ik) f Bj + g@ij + Byjk
T OBk T 3 Mm(ik) i gkm
The components of the model are defined for each dependent
variable:
X: dependent variable (person's score on criterion),

y: mean of all subjects in .the study on the

dependent variable,

39Roger E. Kirk, Experimental Design: Procedures
for the Behavioral Sciences (Belmont, California: Wadsworth
Publishing Company, Inc., 1968), 283.
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a: effect due to use of the calculator during
instruction,

y: effect due to use of the calculator during
testing,

B: effect due to time of testing,

m: effect due to individual differences,
g: residual error,

i: levels of instruction, i =2,

j: levels of tésting, j ; 2,

k: levels of time of testing, k = 2;

m: levels of students.

Hypotheses

To answer the questions cited earlier, a series of
null hypotheses were stated based on the preceding structural
model :

Question 1; effect due to instruction:

02° Bk =0s
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The null hypothesecs, which test for interaction,"® are

the following: Pb4: hﬁ)jk =0,
HOS: (ay)jm =0,
,HOG: (BY)km-z 0,
Hy7* (q%y)jkm = 0,

Statistical Procedures

If any inferential statistical procedures are to be
used in analyzing the data, certain assumptions about that
data must be satisfied.?0 Tests were carried out on this
data to validate the assumptions pricr to using any infer-
ential statistical procedures.

In order to draw proper inferences from the analysis
of the data, the data must fulfill two important assumptions.
The first assumption regarding the data is that it is normal
in'distribution. In this study; population normality was
inferred from measures of skewness and kurtosis on the dep-
endent variables. Thé second assumptién is that of homogeneity

of variance for the dependent variables. The assumption of

: 4OW. James Popham and Kenneth A. Sirotnik, Educational
Statistics Use and Interpretation, second edition (New York:
Harper and Row, 1973), 208. . -
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homogeneity of variance will be tested by means of the Emax
test, as recommended by Kirk.41
The statistical tests used in this study wére the
Analysis of Variance, and the Pearson Product Moment Correl-
‘ation. Lindquist has noted that these statistical tests are
reliable in spite of mild variations in the aésumptions of

42 As a result of these

ﬁormality and homogeneity of variance.
observations, the assumptions of normality and homogeneity

of variance will be tested at the .01 level of significance.

Assumptions

A number of assumptions had to be made with regard
to the students, the instruments, and the program of studies.
Firstly, the assumption was made thaf the students answered
the questions on the performance and attitude tests to the
best of their ability. Secondly, the order in which the
program of studies was given did not affect the performance.

The third assumption was that there was no arithmetic practice

41Kirk, loc. cit.

42E. F. Lindquist, "The Norton Study of the Effects
of Non-normality and Heterogeneity of Variance," Contemporary
Problems in Statistics, ed. Bernhardt Lieberman (Toronto:
Oxford University Press, 1971), 358.
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from pretest to posttest. This assumption was made after a
discussion with the mathematics teachers of the school
revealed that the mathematic topics studied by these classes
were taken from geometry. The fourth assumption was that
there was no further.learning of the concepts taught in the
course from posttest to retention. test.- The topics taught to
the students following the study were on crystallography, and
involved no mathematics.

The final assumptions were tﬁat students did all of
the work during class time and that those students who were

provided with the calculators used them.



CHAPTER IV

ANALYSIS OF RESULTS

Descriptive Statistics

Reported in Table 2 are: sample size, theoretical
expected mean, mean, range, variance, maximum and minimum,
and measures of skewness and kurtosis. These statistics are
reported for the pretests and posttests of the four concepts
of attitude. 1In the tables which follow, concept‘one will
refer to the attitude measured by "What I learned in this
science course", concept two will refer.to "How I feel about
this science course", concept three will refer to the "Science
student", and concept four will refer to the "Science teacher".
Also reported in Table 2 are the statistics for the pretest
and posttest for speed, accuracy, and achievement in arith-
metic, as well as the posttest and retention test for perf-
ormance in science.

As shown in Table 2, the sample size was 36 with a

mortality rate of 10% (one student from each of the four

34
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treatment groups). The theoretical expected mean is simply
the midpoint of the possible range of scores. A comparison,
between the pretest means and the expected means, indicates
that the subjects tend to respond markedly téward the positive
~end. A possible explanation of this is that the test was
designed for students ranging from‘grade five to grade ten.
Since these students are in grade ten, results to the higher
end of the scale should be expected. A comparison, between
the expected mean of performance in science with the actual
mean, shows that the results are slightly below the expected
means, and that the performance test was slightly difficult.
The maximum and minimum scores indicate that the insttruments
can discriminate, since the absolute maximum and minimum
bounds were achieved in only three cases; one subject received
a score of zero on the posttest and retention test in perf-
ormance in science, while another réceived a zero in the
retention test.

A characteristic of the data is that the range of
scores decreased from pretest to posttest for all measures
except achievement in arithmetic. Another characteristic is
that the variance for all but two of the measures decreased

from pretest to posttest, for all measures except attitude
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toward the science teacher and achievement in arithmetic.
There is no apparent reason for these characteristics of the
two sets of measures.

The measures of skewness were tested at the .01
- level of significance. Two of the variables showed signif-
icant negative skewness: the pretest for attitude toward
"What I learned in this science course", and the pretest for
attitude toward "Science student". Thus, the direction of
skewness indicates that the majority of students responded
to the positive end of the scale.

The measures of kurtosis were also tested at the .01
level of significance. Two of the variables showed signif-
icance: the pretest for attitude toward "What I learned in
this science course", and the pretest for aftitude toward
"Science student". As a result, the kurtosis of the two
variables were leptokurtic, indicating an extreme bunching

of the scores near the mean.

Variable Intercorrelations

The non-normal distribution of data for the measures
attitude toward "What I learned in this science ¢ourse", and

toward "Science student", may affect the Pearson Product
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Moment Correlation. Norris and Hjelm undertook a study in an
attempt to pin down any effects of non-normality on Pearson's
¥X. In general, the study concluded that for populations
where there were no correlations the sampliné distributions
based on non-normal populations did not differ markedly from
those where the theoretical assumpﬁions of normality could be
met. However, for populations where there were significant
correlations the level of significance was inflated by
deparfures from normality. The proportion of significant
coefficients was from two to more than seven times greater
than those obtained for normal populations.43
-As a result of departures in normality in the data,
the decision was made to establish a more stringent cutoff
to maintain the level of significance a£ .05. On the basis
of the study reported above, the level of significance for
those concepts in attitude which ha&e shown departures in

normality is reported at the .01 level. The level of signif-

icance for correlations between all other variables is reported

43Raymond C. Norris and Howard F. Hjelm, "Non-
Normality and Product Moment Correlation," Reading in
Statistics for the Behavioral Sciences, ed. Emil F. Heermann
and Larry A. Braskamp (Englewood-Cliffs, New Jersey:
Prentice Hall, 1970), 349-360.
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at the .05 level.

The Pearson Product Moment Correlations were
calculated between all possible pairs of variables. The
level of significance is reported at the .05, .01, and .COl
levels. Significant correlations existed between all pretest
and posttest measures on the same variable, except for concept
four, attitude toward the "Science teacher". A possible
explanation of this is that the students were taught by
different teachers prior to the experiment.

All intercorrelations between the pretest and post-
test for speed, accuracy and achievement in arithmetic are
significant. This indicates that results of the pretest
are good predictors of future performance in these aspects of
arithmetic over time.

Further to the above, all tests of attitude are
positively correlated. Also, most gf the tests are signif-
icant; the exception being concept four, which does not give
;ignificant intercorrelations with the pretest and posttest
for concepts one and two. An explgnatign of this is that
concept four assessed the attitude towards two sets of
different teachers.

The posttest and retention test measures of perfor-
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mance in science, and the foﬁr concepts of attitude, are all
positively correlated. Three of these four measures are
significant, indicating that the measures of.attitude are a
- fair predictor of performance in science. Furthermore, the
"measures of arithmetic correlated signifigantly with the
measures oOf performance in science.

An interesting feature cof the correlation matrix is
that.the pretest of attitudes does not correlate positively
with speed, accuracy, and achievement in arithmetic or with
performance in science. There is no apparent reason for the

lack of positive correlation.

Test for Homogeneity of Error Terms

Before considering the analysis of variance to be an
appropriate test of the null hypotheses, the data must conform
to the assumption of homogeneity of variance and covariance.
Homogeneity of each of the error terms; mean square of subjects
within groups and the mean square of the time of testing
crossed with subjects within groups,‘can be tested by means

of the Fpgyyx test. The procedure is outlined by Kirk.%* The

44Kirk, loc. cit.
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results of the partitioning of the two error terms and the
Fnax ratios are shown in appendix F.

Since the Analysis of Variance test is quite robust
with respect to the assumptions of normality and homogeneity
of variance,?> the Fhnax test was tested at the ,01 level of
significance. The results of the test of homogeneity of
variance are shown in Tables 15 to 22 inclusive. The Fpax
test indicates that the assumption of homogeneity of the
partitioned parts of the within cell variance is no signif-
icant at the .01 level.

In the test for the equality of the correlations
between the repeated measures, the Fyay test proved to be
significant in the following cases: the attitude of students
toward concept one "What I learned in this science course",
concept three "Science student", and concept four "Science
teacher". 1In addition to being heterogeneous in variance,
the data for concepts one and three were also non-normal.
However, in both éases the treatment populations have the

same distribution, that is, negatively skewed and leptokurtic.

45g, E. P. Box, "Non-normality and Tests on Variance,"
Biometrika, 40 (1953), 318-335.
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According to Myers, the combination of two violations,
heterogeneity of variance and non-normality, is not especially
worse than heterogeneity of variance alone, provided that all
treatment populations have the same distribution function.46

Studies cited by Myers indicate that the level of
significance is inflated by heterogeneity of variance. If
all treatment groups are of the same size and approximately
normally distributed, the inflation is slight. In a comput-
erized experiment run by Myers, with two groups equal in size
and a twenty to one variance ratio, the F's required for
significance at the .01 and .05 levels were exceeded in .02
and .07, respectively, of the experiments run.

In order to alleviate the problem of non-normal data
and heterogeneity of variance, the deciéion Qas made to
establish a more stringent cutoff level to maintain the leve;
of significance. On the basié of tge study reported by Myers,
the level of significance was arbitrarily changed to the .03
level from .05 for those concepts in attitude which have

shown departures from normality and homogeneity of variance.

46Jerome L. Myers, Fundamentals of Experimental
Design, second edition (Boston: Allyn and Bacon, Inc., 1973),
70-75..
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This adjustment was an attempt to keep the actual level of
significance at approximately .05, despite the change in the

actual test level of significance.

Analysis of Variance Results

The independent variables were instruction, testing,
and time of testing; the depenéen% measures were scores on
each test. The results of the analysis of variance is given
in Tables 4 and 5. The F-statistic generated involves a
ratio of mean squares between groups to mean squares within
groups. Each of the effects involving time of testing (K),
was tested against time of testing (K) crossed with subjects
within groups effect. The remaining effects were tested
against the effect due to subjects Within groups.

From Table 4, null hypothesis Hp3 was rejected at
the predetermined level of .03, the F-ratio being 10.30260
with 1 and 32 degrees of freedom. All other null hypotheses,
with respect to the four concepts of attitude, could not be
rejected.

The rejection of Hpy means that time of testing did
have an effect on students scores, dn the concept "Science

student". An examination of Table 6, on cellular means,



indicates that subjects scored lower before receiving the
treatments (70.13 before, and 76.88 after).

An examination of Table 5 indicates that Hgj can
be rejected for performance in science; and Hp3 for speed and
accuracy in arithmetic, and performance in science, at the
.05 level of significance. All other null hypotheées with
respect to arithmetic and performance in science could not
be rejacted.

Examination of the cellular ﬁeans of Table 6 shows
that subjects achieved lower scores on the two facets of
arithmetic, speed and accuracy, before instruction (mean over
four groups 187.86 for speed, and 87.41 for accuracy), than
after instruction (206.94 for speed, and 94.97 for accuracy).
The rejection of these two hypotheses iﬁdicates that time of
testing did have some effect on student performance of speed
and accuracy in arithﬁetic. |

The rejection of Hp; for performance in science
;ndicates that thére is an effect, due to instruction.
Examination of cellular means indigates‘that the groups
using the calculators during instruction (mean 14.83)
achieved higher test scores than the group .not using the

calculator during instruction (mean 9.72). Rejection of Hpj
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TABLE 6

Cellular Means (each cell has 9 subjects)
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Instruction Testing Measure Time of Testinc
' Pre Post
Concept 1 65.00 66.33
. Concept 2 63.22 64.77
Attitude Concept 3 67.55 77.33
Concept 4 75.88 74.0C
Calculator Accuracy 87.88 91.6¢€¢
Arithmetic Speed 187.66 201.0C
Achievement 345.33 334.77
Calculator Performance 16.11* 13,557
Concept 1 78.11 72,12
Concept 2 72.88 71.22
Attitude Concept 3 72.77 75.5¢%
No Concept 4 67.11 76.0C
Calculator Accuracy 87.88 94.77
Arithmetic  Speed 190.33 '208.90¢
Achievement 342.44 334.3:
Performance 16.55* i3.1.~*
Cdncept 1 73.88 75.4<
Concept 2 72.22 75.4=%
Attitude Concept 3 68.33 70.88
Concept 4 79.77 79.22
Calculator Accuracy 87.22 96.0C
Arithmetic Speed 185.00 205.6¢
Achievement 336.11 336.0C
No Performance 10.33 10.227%
Calculator Concept 1 76.22 72.6¢6
Concept 2 70.44 72.00
Attitude Concept 3 71.88 75.77
No Concept 4 73.22 74.11
Calculator Accuracy 86.66 97.44
Arithmetic Speed 188.44 213.11
Achievement 334.88 335.55
Performance 10.55 7.7F*

* Posttest for performance in science
**%* Retention test for performance in science
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for performance in science and an examination of cellular
means also shows that students achieved higher scores on the
posttest for performance in science (mean 13.39) than the

retention test (mean 11.16).

Findings Related to Attitude

Osgood states that the affective domain is made up

of several components. In an analysis of 76 scales from

Roget's Thesaurus, Osgood distinguished eight factors or major

components of the semantic space. Ten of the fifteen scales
used in the fesearcher's study were chosen from those scales
used by Osgood. These ten scales were characteristic of four
of the eight components distinguished by Osgood. From his
study the scales high in the evaluation. factor were: good-
bad, pleasurable-painful, meaningful-meaningless, important-
unimportant, positive-negative, and wise-foolish. The scale
high in the potency factor was heavy-light. The scale high
in the activity factor was complex-simple; and the scales
higﬁ in the receptivity factors were colorful-colorless and

interesting—boring.47

47C. Osgood, G. Suci and P. Tanneﬁbaum, The Measurement

of Meaning (Urbana: University of Illinois Press, 1957), 47-66.
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The above method of éategorizing scales has been
used previously in studies by Ashley,48 Ashley and Butts,49
and Butts and Raun.>°

The fact that only one scale was used in describing
‘the factors potency and activity was of some concern. However,
‘this number of scales was used,innaAprevious Study by Butgow.Sl
As a result of Butgow's study this number of scales was
considered to be viable for this study.

The questions asked, the hypotheses stated, and the

structural model used with regard to these factors of attitude

48James P. Ashley, "A Study of the Impact of ‘an
Inservice Education Program on Teacher Behavior" (unpublished
Ph. D. dissertation, University of Texas at Austin, August
1967), 157. :

497ames P. Ashley and David P. Butts, "A Study of the
Impact of an Inservice Education Program on Teacher Behavior,"
Research and Curriculum Development 'in Science Education, Vol.
2, Curriculum Implementation in Elementary School Science, ed.
David P. Butts (Austin: Science Education Centre University
of Texas, December 1970), 96-116.

50pavid P. Butts and Chester E. Raun, "A Study of
Teacher Attitude Change," Research and Curriculum Development
in Science Education, Vol. 2, Curriculum Implementation in
Elementary School Science, ed. David P. Butts (Austin: Science
Education Centre University of Texas, December 1970), 151-155.

Slg. Butgow, "A Semantic Differential Science Interest
Test," School Science and Mathematics, 74, No. 8 (1974), 189-
196.
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parallel those used in Chapter III. The difference in this
parallel being that the dependent measures consist of the
four factors evaluation, potency, activity and receptivity
for each of the four components. |

To answer the questions, separate factor scores were
computed for each subject. An,evalﬁation score was computed
by summing over the six evaluation scales (a possible range
of score from 6 to 42); a potency score over the one potency
scale (range 1 to 7); an activity score over the one activity
scale (range 1 to 7); and é receptivity score over the two
receptivity scales (range 2 to 14). This was done for the
pretest and posttest ratings.

Tables 7, 8, 9 and 10 report the sample.size, theor-
etical expected mean, mean, range, maxiﬁum ahd minimum and
measures of skewness and kurtosis for the pretest and posttesz
of the factor score for each concept. The measures of skewness
and kurtosis were tested at the .01 level of significance.

Departures from normality were observed for the
following: the pretest for the evaluation factor for concepts
one, two and three; the posttest for evaluation for. concept
four; the pretest for the potency factor for concept three;

the posttest for the activity factor for concept one, and the
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pretest for recépti§ity for concept three.

As a result of the departures from normality, together
with the fact that 106 tests were performed in the Analysis of
Variance (chance.alone might make some tests significant), a
more stringent cutoff was used and significance was reporéed
at the .0l level. The Analysis of Variance results for the
four factors under each of the concepts are given in Tables
11 to 14.

Tables 11 and 13 indicated that null hypotheses Hp3
were rejected for the factor potency for concept one and the
factor evaluation for concept three. An examination of the
means from pretest to posttest from Tables 7 and 9 indicate
that students are more favorable toward the concept "Science
student" than had previously been judged. Fﬁrther examination
of Table 7 reveals that students also felt that what they
learned in this science course was Qore powerful than what
they had previously learned.

Null hypothesis Hyy was rejected for the factor
receptivity under concept two. An examination of Figure 1
illustrates the interaction between the two independent
variables instruction and testing. The gfaph of the means of

the four treatment groups indicates that the group not using
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the calculator during testing.was more receptive when instr-
ucted without the calculator than when the calculator was
used during instruction. There does not seem to be an
explanation for this effect on the receptivity factor for
concept two.

No other null hypotheses could be rejected for any
ether factor over any other concept. These results would
seem to indicate that there was either no significant change
in attitude for any factor towards any concept, or, changes

that did occur were parallel changes for all groups.



Receptivity Factor for

Concept 2 Means
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11
10L
No Calculator
Used During
Testing
94
Calculazor
8+ Uscd During
Testing
'7 + +
Instruction Instruction
Using Calculator Not Using Calculator

Figure l: Receptivity Factor for Concept 2:
Instruction-Testing
Interaction Effect
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CHAPTER V

SUMMARY

In general, the purpose of this study was to examine
the effect of the calculator on science-related outcomes.

The outcomes consisted of the students' performance in science,
their attitude to some facet of science (four components),
plus speed, accuracy and achievement in arithmetic.

In this investigation, 18 grade ten students were
instructed in two science units, both of which involved
fundamental operations in arithmetic. These‘l8 students
were then compared to another group of 18 students who were
taught without the use of the calculator. Other factors
which were also considered included the effect of calculator
ueage during testing, and the effect of time of testing.

The criteria involved an assessment of the degree of
achievement in the two science units, an assessment of student
attitudes to the program, and an assessment of student perf-

ormance in speed, accuracy and achievement in arithmetic.

63
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All students were tested on the dependent measure prior to
and after the instruction. The performance test in science
was also given three weeks after the termination of instruction.

The effects of instruction, testing, and time of
testing were examined using an Analysis of Variance. The
dependent measures were correlated to estimate their relation-
ship. The dependent variable intercorrelations generally
suggest that these variables are positively related. Thus,
it shows that the feeling towards the éourse and towards what
was learned in the course is related to performance in science.
It also shows that arithmetic skills and performance in
science are positively related.

The only concept from the semantic differential which
was affected was attitude toward the coﬁcept "Science student".
All four groups rated this concept higher from pretest to post-
test. No other hypotheses were rejected for attitude. This |
indicates that the type of instruction does not affect attitude
éo a great degree;

The results of the Analysis of Variance suggest that
there is a significant effect in achievement in science, due
to instructional type. The results favored the group using

the calculator during instruction. All groups showed a
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significant effect in performanée in science from posttest
to retention test, with higher scores on the posttest.

The four groups also showed significant differences
in arithmetic pexformance in the facets speed and accuracy,
from pretest to posttest. It did not seem .to matter what
instructional type was used, since student performance
increased for both groups. No null hypotheses were rejected
for the dependent measure, performance in arithmetic. This
suggests that the type of instruction, with or without the

calculator, has no significant effect on arithmetic performance.

Implications of the Study

The results of the study suggests that students of
similar age and background will score higher on mathematical
problem-oriented units in science, if they use a calculator
during class time. At the same time, there is very little
difference in attitude among the two groups, and no loss in
computational ability in arithmetic.

The results of the study also imply that when problem-
oriented science tests are made up, keeping in mind that
calculations are to be dogé manually, there is no effect due

to the use of the calculator during testing.
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Limitations

The findings of the study are limited for the foll-
owing reasons:

1. Due to the small sample size, thére is a low
power for first order interactions.

2. Performance testing ip‘science was problem
testing only.

3. No consideration was given to sex differences of
the sample.

4. The sample was representative of only 75% of the
school's population.

5. ©No consideration was given to the age of the
students in the sample, nor to the possibility

that some may have repeated grades.

Suggestions for Further Research

As stated by Glasin, some educators have the opinion

that the advent of a machine-based curriculum would lead to

52

machine-dependent learners. The students in this study

showed no dependence on the calculator to perform arithmetic

52Glasin, loc. cit,
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computations quickly and accurately. However, this investi-
gation was over a relatively short period of time, and this
opinion might be further researched over an extended time
span.

This study could have been improved by a greater -
sample size. A larger sample size will improve the possib-
kility of showing differences due to interaction.

Hopefully, additional uses of the hand-held calc-
ulator in the science classroom will bé developed. It is
logical to propose that machine use could allow some aépects

of many topics that are currently omitted.
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COURSE CONTENT

y

A. Work and Simple Machines

l.

B. Heat

Work and Friction
* - work
- coefficient of friction
- efficiency of machines
Inclined Plane
~ inclined plane

- advantages
- mechanical advantage

~ the lever
- advantages
- work and the lever

Pulleys

Quantity of Heat: The Calorie
- Heating different substances
Specific Heat

- heat lost by a substance in cooling
- specific heat of a solid

Heat cf Reaction
Heat of Fusioh

Heat of Vaporization



OBJECTIVES IOR UNITS ON WORK AND HEAT

General Instructional Objectives

Specific Learning Qutcomes

Understands the measurement of
work

Knows how to calculate the co-
efficient of friction

-

Understands the measurement of
mechanical advantage

Understands the measurement of
efficiency

Understands the measurement of
heat

Measures the heat of reaction
and comprehends the cause

Measures the heat of fusion

Measures the heat of vapor-
ization

is able to compute the work
done by simple machines
using the formula Work =
Force X Distance

understands the meaning of
force of friction
calculates the coefficient
of friction using the
formula K = F

N

is able to compute the mech-
anical advantage of the sim-
ple machines, the inclined
plane, the lever, and the
pulley system

is able to compute the eff-
iciency of an inclined
plane, a lever and a pulley
system

is able to compute the heat
gained or lost by a substance
using the formula Heat =

Mass X Specific Heat X Change
in Temperature

measures the heat of reac-
tion for a chemical reaction

measures the heat of fusion
of ice to water

measures the heat of vapor-
ization of water to steam
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«+ Administration of the Test

Administration of the Tect. (The partc below
in CAPITAIS are to be read aloud, carefully and
distinctly, by the examiner.)

. When the examiner is certain that all the
necessary preliminaries have been attended to,
he says:

THIS IS A TEST IN SPEED AND ACCURACY IN ARITI-
METIC. I AM GOING TO GIVE EACH OF YOU ONE OF
THESE BOOKLETS. DO NCT OPEN IT UNTIL I TELL
YOU TO DO S6. (Examiner distributes the tests,
taking care to see that none 1s opened, and
keeping a copy for himself.)

NOW FILL IN THE INFORMATION ASKED FOR CN THE
COVER PAGE OF YOUR BOOKIET. (Examiner either
tells the pupils to go ahead on their own, or
says: AFTER "NAME" FRINT YOUR NAME IN CAPITALS,
YOUR LAST NAME FIRST, THEN YOUR FIRST NAME.
Examiner continues in this way until all the
blanks bave been filled in.)

Examiner then says:
NOW LISTEN CAREFULLY TO WHAT I SAY. THE DIREC-
TIONS ON THE COVER PAGE OF YCUR BOCKIET TELL
YOU HOW TO DO 'Til& TEST. LOOK AT THE DIRECTIONS
AND READ THEM SILENTLY AS I READ THEM ALCUD.

The examiner then reads the first paragraph of
the directions aloud from his copy of the test.
While the second row of sample questions is being
done by the pupils, the examiner walks around aod
checks .their work. When these examples have been
completed, examiner says:

TEE CORRECT ANSWER FOR THE lst QUESTICN IS 1539.
THE CORRECT ANSWERS FOR THE OTHER THREE QUES-
TIONS ARE: 2nd QUESTION, 437; 3rd QUESTION,
11,822; Lth QUESTION, 12, REMAINDER S. ARE
THERE ANY QUESTIONS? (Examiner makes any
necessary explanations.)

Examiner then reads aloud the remaining paragraph.
When he i1s sure that the pupils understand what
they are to do, the examiner takes his copy of
the test booklet, without letting the puplls open
theirs, and says:

REMEMEER THAT YOU ARE TO ADD. READY - BEGIN:
Examniner records the time con the Timing Form
or uses his ctop-watch.)

After exactly 5 minutes, say:

STOP! TURH TO TEST 2, AND FOLD BACK THE PAGE
LIKE TUIS (demonstrate). (Pause) REMEMBER
THAT IN THIS TEST YOU ARE TO SUBTRACT. READY -
BEGIN! (Examiner records the time.)

After exactly 5 minutes, say:

STCPY TURN OVER YOUR BOOKLET TO TEST 3.
(Pause) REMEMBER THAT IN THIS TEST YOU ARE TO
MULTIPLY. KEADY - BEGIN! (Examiner records
the time.)

After exactly 6 minutes, say:

STOP'T TURN OVER TO TEST L, AND FOLD BACK THE
PAGE LIKE THIS (demonstrate). (Pause)
REMEMBER THAT IN THIS TEST YOU ARE TO DIVIDE.
SHOW ANY REMALNDER I THE USUAL PLACE. DO 0T
SPEND TIME CHANGING A REMAINDER TO A FRACTICN
OR A DECIMAL. FREADY - BEGIN! (Exemlner
records the time.)

After exactly 6 minutes, say:

STOP! PLACE YOUR PENCIL ON YOUR DESK. CLOSE
YOUR BOCKLET.

Examiner collects booklets immediately.

WHEN I TELL YOU TO DO SO, OPEN YOUR BOOKLET AND
START AT TEST 1. IF YOU FINISH A TEST AHEAD OF
TIME, CHECK YOUR WCRK, BUT ON TEAT TEST ONLY.
DO NOT TURN TO ANOTHER PAGE OR CHECK AN EARLIER
TEST.

YOU ARE TO ANSWER TIE QUESTIONS BY ROWS: FIRST,
THE TOP ROW, THEN THE SECOND RGW, AND S0 ON, LI:E
THIS {demonstrate). DO YOUR WORK AS QUICKLY AN
ACCURATELY AS YOU CAN. YOU WILL WOT LIKELY FIN-
ISH ALL THE QUESTIONS IN THE TIME ALLOWED. YOU
ARE TO START WORK AS SOON AS I SAY "BEGIN" AND
YOU MUST STOP WHEN I SAY "“STOP".

NOW OPEN YOUR BOOKLET TO TEST 1, AND FOLD BACK
THE PAGE LIKE THIS (demonstrate). (Pause)
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Test 3 ’ A
MULTIPLY

27 71 4o 740 32

21 69 67 2 0 37

28 96 35 916 53

25 8 82 75 50

Test 4 A
DIVIDE

8) 4 3 7)5 5 2 8)828 1 16)659

9)6 10 18)196 12)201 22337
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Scoring

Types of Scorea Three types of scores are
obtained from the test, for each of the four
subtests and for the total test:

1. The Achievement Score is the number of items
correct.

2. The S Speed Score is obtalned by subg tituting the

corresponding values in the following formula:

No. Items Attempted
Time of Test

x 10.

3. The Accuracy Score is obtained by substituting
the corresponding values in the following

formula:
No. Items Correct
No. Items Attemptod 100.
DATA CHART

S e - S —
Test 1 | Test 2 | Test 3 | Test 4 Total |

Add. Subt. Mult. Div. Test

Total No. of Items L2 60 25 16 143

Time of Test (in minutes) 5 5 6 6 22

S s e e e N

No. of Ttems Correct

No. of Itcms Wrong

Total No. Attcmpted (No. Correct + No. Wrong)

= . e mmeee argmemmee =

SCORKS @
Achicvement (No. Items Correct)

(No. Ttems_Attcmpted x 10)
Time of Test

Spzed

Accuracy (N - Ttems Attempted * x 100)

b= L=as o ws i
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Attitudes Toward A Science Program

-

The purpese of this study is to measure your attitude toward the

Science program you are now taking by having you judge certain ideas against

a seriecs of descriptive scales. 'Ip taking this test, please make your

Judgenents on the basis of what these ideas mean‘ﬁg‘zou. On each page of

this booklet you will find a differeat idea to be Jjudged and beneath it a
set. of scales. You are to rate the idea on each of these scales in order.

Here Is how to use these scales:

If you feel the concept at the top of the page is very closely related
to one end of the scale you should place yeur check mark as follows:

N, : Unfair

—— e e e e e

Fair X

or

Fair : H ¢ : e Unfair

-— e eme e e e

[T

- If you feel that the concept is guite closely related to one or the

other end of the scale (but not extremely), you should place your check-
mark as follows:

: 4 : &7 . Bad

- e emm e 7 eme

. Good

I

or

Good t_t_t_t_tx © . Bad

- em e e —

If the concept secenms onlv‘élinhtly related to one side as opposed to

the other side (but s not really neutral), then you should check as follows:

Inportant -t Xi_ st .Unimportant
or '
Important LI R D & I I Unimportant



The direction toward which you check, of course, dapends upon which
of the two ends of the scale seem most characteristic of the concept you

are judaing, ’ . .

If you consider the concept to be neutral on the scale, both sides

of the scale cqually relaced to the concept, or 1f the scale is not in

any way related to the concept, then you should place your check mark in

" the middle space: o L - BT R -,

Pleasant S H f:} H H ¢ Unpleasant

- e e L dE S —

IMPORTANT: 1) Place your check marks in the niddle
of spaces, not on the boundaries
This X Not This

- - - .
-— —— -— — — -— -—

4
°

<
-

2) Be sure to check every scale for every

concept -~ do not omit any ' .

.

3) Never put more than one check mark for each scale.
4) Some of the scales are reversed

Sometimes you may feel as though you have had the same item before

on the test. This will not be the case, so do not look back and forth

“through the items. Do not try to remember how vou checked similar itecs

edrlier in the test. Make each item a separate ‘and independent jiudcemant.

Work at a fairly high speed through this test. Do not worry or puzzle
over Individual ftems. It is your first impressions, the immediate "feel-
ings" about the items, that we want. On the other hand, please do not

be careless, because we want your true impression,
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Guiz: Heot and Jork Units

Name

Show all your work and calculations on this paper.
7e  How much work does & man having a weight of 650 N do in climbing a mousw.ain

2390 m high?

2. How much heat must be put into 58 g of water at 10° C to raise the temperature
to 48° C?

34 Find the amount of heat gained by a 75 gram lead bullet as it hits a bloek
of wood and its temperature rises from 40° C to 65° C, (The specific heat
of lead is .03 cal/g/°C);

L, (a) A boy can push with a force of 500 N. How long must an inclined plane
be if he is to push a loaded cart weighting 750 N up onto a platform 3. pn
above the ground? (Neglect friction).

(b) If friction makes the efficiency of the plane only 60%, how long a
plane will be needed? ’




Se

7

700 calories of heat will raise 200 grams of substance X from 55° C to 80°C,

What is the cpecific heat of substance X7

(a) How much force is required in pushing an automobile having a weight of
25,000 N on a concrete pavement when the brakes arc locking the wheels?

The coefficient of friction being .6%?

(b) How much work is done in pushing the car 25 meters?

If the heat of fusion of ice is 80 cal/gram, liow many grams of ice at 0°C
would be melted by 400 g of aluminum cooling from 1CO°C to 0°C if all tre

o

heat lost by the aluminum were given to the ice? (The specific heat of

aluminum is 0.22 cal/g/°C).

A meter stick is balanced at its midpoint. When a 500 ygram cbject is suspended
at the 35 centimeter mark on the stick an object of unknown weight must bde

suspended at the 80 centimeter mark to restore balance,
the object? .

VWhat is the weight of
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A 100 g weight of iron at 1C0° C is dropped into 1CO g of water at 12° C.
The resulting temperature is 20°C. Find the specific heat of the iron,
assuming that all of the heat lost by the iron is given to the water.

A set of pulleys has an ideal mechanical advantage of 5, What force is
needed to 1lift a weight of 250 N. (Jeglect fricton).
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