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ABSTRÀC?

The purpose of this study was to examine the effect

of the use of the calculator on science-rel-ated outcomes.

The outcomes consisted of ihe students performance in science,

theír attitude to some facets of êc-i-ence (four concepts), plus

speed, accuracy and achievement in arithmètic.

In this investigation, 18 grade ten students were

instructed with Ëhe aid of a calculator j.n tv¡o science units,

both of which involved fundamental operations in arithmetic-

These 18 students were then compared to another qroup of 18

students who were taught without the use of the calculator.

Other factors which were also considereÇ included the effect

of calcul-atcr usage during testing and the effect of time of

tes ting .

All students were tested prior to and after the

instruction. The.performance test in science was also given

thráe weeks after the termination of instruction. The findings

for attitude suggest that any changes ín attitude due to the

type of instruction were either paralleI changes or non-

existent for the t\¡/o t!Í)es of instruction.

1l-]-



The changes in arithmetic performance vTere similar

to the changes in attitude. It díd not seem to matter which

one of the t!\¡o instructional types were used, since student

performance in arithmetic as measured by the facets sPeed

and accuracy improved from pretest.to posttest. This sugges--s

that the type of instruction with- or without the calculator

has no significant effect on arithmetic performance '

There was, however, a significant effect in achieve-

ment in science due to ínstructional type (recalling tbat

this was a post-retention test). The results favored the

group using the calculator during instruction.

The implications of Èhe study are that sLudehts of

similar age and background will score higher on mathematical

problem-oriented units in science, if tirey use a calculator

during instruct,ion. At the same time, there ís very little

difference in atÈitude between the tv'/o groups, and no foss i:i

computational ability in arithmetic .

The results of the study also imply that when probJ'=m-

oriented science tests are maile up, keeping in rnind that

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

to the use of the calculaÈor during testing.

IV
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CHAPTER I

TNTROÐUCTION

Wê are living in an age of future shock, and nowhere

is this more evident than in the fíe1d of pocket calculators.

In the past two or three years, hand calculators have been

increasing in nuinber and decreasing in price. The microcir-

cuit technol-ogy spin-off from the space industry has given

the consumer a handy cal-culatíng tool . The full èxtent to

whích the availabl-lity of efectronic calcul-ators wil-l affect

the teaching of science and mathematics has yet to be

determined - 
I

Background to the Studv

There are coiflícting vievls about the effect of the

calculator on students. Opponents of cal-culators say that

students wiII not kno\^¡ the basic paper-and-pencil algorithms

lD""de Pendleton, "Calcufators in the Classroom,"
Science News, 107, No. 1l (1975), 175.
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for addition, subtraction, multiplication, and division,

just as television-oriented students no longer seem to know

the basics of grammar and spelling.2 The device, critics

contend, wiil eventual-ly make paper-and-pencí1 mathematics

obsolete .

However, instructors who- are using cälculators take

the opposite stand. They say that calculators a1low students

to solve more rel-evant types of probleros, therefore stretchin3'

their interest and increasing their motivation. Calculators,

because of their speed and accuracy, lend themselves to

compl-icated probl-ems previously avoided by school teachers.3

These conflicting views together \orith the greater

availability of the calculator have .provided the stimulus

for this investigation.

Statêment of lhe Problem

The purpose of this investigation is to consider the

following problem: fihat is the effect of the use of the

calculator on science-related outcomes? The outcomes chosen

2Richard ,J. Shumway, "Hand
You Stand?, " Arithmetic Teacher, 23,

3rbid. , p. 57o.

Calculators: Where Do
No. 11 (1976), 57L.
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for this study are performance in science, attitude to sorne

facets of science (four components), and performance in.

arithmetic operations.

The eduçational researcj¿ and. development in this

field is relatively new. Furthermore, the possil:ility of

suppJ-ying public schools with calçulators v/i1I increase as

the price decreases. The National Council of Teachers of

Mathematics have formally endorsed the use of the calculator

in the classroom.4 Thus there is a neec for research in

this field -

The effect of the use of the calculator on perfor-

mance in science courses that require some practiòal

mathematics has been observed, but as far as the writer has

ascertained, no research has been done in thís area. Gerry

Pankiewicz, a science teacher, observed that the use of

calculators, roith vocational students, improves motivation

and the rate at which students can learn science concepts

that involve mathematic operations. IIis rationate for this

is that previous to the use of calculators, stud.ents became

4Th" N.tio.ral council of Teachers of Mathematics,
Newsletter, The National Council- of Teachers of Mathematics,
No. ll (L974'1, p.3.
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so bogged-down in arithmetj.c calculations, that they were

unabl-e. to achieve their real objective.5 Educational- research

has not been done to determine the effect of the calculator

on scíence perforinance.

The effect of calcutator usage during testing wi1.l

also be studied in this investigatíon. This question riras

posed by Sosebee and Walsh: "Do students having a calculator

while wríting an exam have an unfair advant.age over the

students who cannot afford one? Or, on the contrary, is the

student who has been using the tool and has ít taken ah¡ay

from hirn at a disadvèntage when writing an examination?"6

The question of performance ín arithmetic operations

was chosen because critics of the calculator contend that the

calculator will- make pencil- and-ptpot *åth"matics obsol-ete.

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

calculator batteries die.7 This study should indicate if the

. 'cerry Pankiev¡icz, "Science 203 Course used at
Kildonan East" (paper presented. to Dr. K. Slentz, University
of Manitoba , 1975)

6,fackson Sosebee and Lola v,Ialsh, "Pocket Calculators
and TesÈ Scores in Introductory Chemistry, " ,fournal of Colleqe
Science Teachinq, 4, No. 5 (f975) ' 324.

TPendleton, op. cit., pp. 175-181.
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use of the calcu.l-ator 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 v¡ho have used the

device, claim that student motivation is increased.B The

four facets of attitude-- "I"/hat I learned in this science

course", " Hor"/ I feel about this science course", "Science

student", and "Science teacher"--may give some idea as to

what causes this increased motivation.g

.fan IJ. Higgins, an associate professor of Math Educ-

ation at the Ohio State University, wrotê 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 decísion
makers should make funds available for the purchase of
such equipment for classroom use, for the calculat-or
must be viewed. not as a technological curiosity but as
an essential implement in the ne\^/est maÈhematics."10

Consideration Èo Ëhe above recommêndation has been given in

SPendleton, 1oc. cit.
9carth E. Martin, "en nvaluation of the Physical

Science 201 and 301 Programs in Manitoba" (unpublished Masters
dissertation, University of Manitoba, August 1975).

10J.t L. Higgins, "Mathematics Programs are Changing"
N.A.S.S.P. Culriculum Repç¡qts, 4O (December 1974), 56-58.
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this s tudy.

The use of the term cal-culator in this paper implies

that consideration is being given to the performance charac-

teristics of the hand-held calculator" The cal-culators used

in this study were able to add, subtract, multiply, and diviie,

pJ-us perform chain and mixed calculations.



CIIAPTER TT

REVIEW OF LITERÄTURE

There were two basic problems in conducting the

review of fiterature. Firstly, the earl-y literature reviewed

relates to the use of the desk cal,iulator in the cl.assroom,

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

cfassroom. Although these studies do not relate directly to

this particul-ar study, the dependent variables rel-ied on the

use of the calculator. These studies h¡ere, therefore,

considered relevant for thís research.

Previous Studies

Studies \^/ere reported by Fehr, McMean and Sobel ,1I

Iln. r. Fehr, ceorge McMean and Max Sobel, "Using
Hand-operated computing Machines in Learning Arithmetic, "
The Arithmetic Teacher, 3, No. 10 (1956), 145-150.
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E1lis and Corum;12 and Keough and Burke, t3 suggesting that

the calculator improves student performance in mathematical-

computation. fn these studies, homogeneous groups not using

calcuÌators estaþiished control i-or the experiment. The

length of time for these studies ranged fron four months to a

fu1l schoof year with the sample size ranging from sixty-one

Èo three hundred students. These results differ from those

of L,ongstaf f , 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 . Ho\^rever, Longstaf f did observe that. the 1ov'¡

ability students, who used the calculator, displayed more

posítive attitudes to\^¡ards mathematics than those low ability

students who did not use the calculatot.14

Another test which analyzed the effect of using desk

",June Ellis and Al Corum, Functíons of the
Calcutator in the Mathematics Laboratory for Low-Achievers,
1969, (ERIC ED O40 847).

t',John 
'I. Keough and Gerald w. Burke, Utilizínq

an Electroníc Calculator to Facilitate Tnstruction in
Mathenatics in the Eleventh and T\^¡elfth Grades, ,JuIy 1969,
(ERrc ED 037 345) .

14f- n. Longstaff, Desk Calculators in the
Mathematícs classroom, .Tune 1968, (ERIC ED O29 498).
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calculators on the attitudes and achievement of low achieving

ninth graders, \"/as conducted by Cech. Based on his analysis,

Cech concLuded that the use of calcul-ators did not have a

significanÈ effeçt on student atliiudes. Furthermore, he

concluded that the use of the calculator did not result in

any significant improvements of computational- skills-15
' The most extensíve study conducted on hand. calculators

\"/as that of Glasin. Irri th treatment groups of ninth grad.ers

in general mathematics, ranging in number from 31 to 48

students, he corrpared the achievements and attitudes of

students who use conventional based algorithms 
. 
for operations

on positive rational numbers, with students who uàe algorithms

which were dependent on the use of the hand calculator.

clasin's study is based on the instruction to three

separate groups. One group performed operaËions on positive

rational numbers according to the usual text approaches, while

the second group used the conventional set of algorithms with

the cal-culator. The third group used an alternative algor-

Íthmic procedure, where each fractional operand is converted.

15J. C"ch, "The Effect of the Use of the Desk
calculator on Attitude and Achievement with Low-Achieving
Ninth Graders", Mathematics Teacher, 65 (February 1972),
r83-186.
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to a decimal using the calculator, and the indicated operation

is then performed on the calculator. The fíve units of

instruction taught v/ere addition, subtraction, multiplication,

division, and operating on fractions. The sÈudents attitude

towards mathematics was then measured.. Upon completion of

each unít, students were gíven a posttest, after v¡hich they

began a two hreek 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, r,¿hen computational skilL

with rational numbers is the goal of instruction, the altern-

atíve algorithm set v¡ith the calculator appeãrs 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-

cantly and consistently affect performance. However, use of

an al-ternative algorithm, which uses the electronic calculator,

can prod.uce success for s lo\^/ learning children.16

l6witti-* L. cl-asin, "A Comparison of AchievemenÈ and
Attitudes of Students Using conventional or calculator Based
Algorithms for operations on Positive Rational Numbers in Ninth
Grade General Mathematics, " Research ín lvlathematics Education,
6, No. 2 (March L975), 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

seekingi remedíai assistance ín arithmeiic. The resea.rchei:s

concluded that the incorporation of the minicalculator can

yietd significantly higher results ir¡ the performance of

arithmetic eomputation (.001 leveJ- of significance) . This

increase in achievement was accomplished over a four week

period . t7

The effect, of the use of a calculator during an

examination is also of interest to the educator. A study in

the fal-l quarter of. L973, by Sosebee and l,{aish, made a comp-

arison of students using a calculator during an examination,

with those students not using a calculator. One hundred and

sixty-níne 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

greater than 99.5% in favor of those students I'ho had used

the calculator for the examination. No effort, however, v¡as

- L7 lames o. Schnur and Jerry vf. Lang, "Just
Buttons or Learning? - A case for Minical-culators, "
Teacher, 23, No. 11 (1976), 559-562.

Pushing
Arithmetic
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made to find the interaction of the students' use of a

calculator during the test-ing time with his use during class

time. Furthermore, students were not randomly assigned to

one group or the other; yet, Sosebee and Walsh sti1l suggest

that calculators play a major role ín the determination of

introductory chemistry grades.lS'

Summarv

Al-though research has been conducted to stud.y 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 reinforce-

ment on achievement. Results of the research by Fehr, llcMea:1

and sobet, rg Glasirr,2o and schnur and r,ang2l provide stat-

istical evidence that use of the cal-culator does irnprove

computational proficiency as compared to the pencil and pape:

method -

lSsosebee and walsh, op. cit.,
l9Fehr, McMean and Sobel, loc.

2oc1u=in, Ioc. cit.
2ls"hrror and tang, loc. cit.

p- 324.

cit.
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The studies by cech22 and Longstaff23 have provided

the documentatíon that calculator usage has no effect upon

computational skil1 as comparecl to the pencil and paper

method.

Donald R. Quinn summarizes the calculator research

to date with the following statenents:

Students--a) learn to operate calculators easily

at almost any grade l-evel,

b) compute better wíth calculators than

without,

c) are able to Èackle more "real-life"

problems ,

d) suffer no loss of paper and pencil

computationat aUifity, ana

e) enjoy using calculators.24

22cedn, Ioc. cit.
23T,ongstaff, loc. cit.
24Ðonafd R. Ouinn, "Calculators ió the classroom, "

N.A.S-S-P-E¡¡!!e!þ, 60 (,January 1976) ' 77-80.



CHAPTER III

DESTGN OF TiiE STIJDY

'Ques tions

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 scíence, periormance in

arithmetíc, and attitude to science. The questions dealt

with are summarized below.

The first question concerns the effect of the usê

of the calculator during instruction on the dependent measures:

Vfhat !'¡il- 1 be the effect of using the calculaLor during

instruction on the dependent measures (as indicated above)?

The second question dealt with the use of the

calculator during t-esting: What effect i,rill- using the

calculator duríng testing have on the dependent measures?

A third question attempted to point out if there

t4
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was any difference in attitudê õr performance in ¿rrithmetic

from beginning to completion of the program: will ther.e be

a difference i.n attítude to science, or in performance in

arithn¡e'cic, uporr enl-ering and terminating the prograni c.r f

studies? Another question similar to question three is:

What will Lhe effect of the time.of testing have on the

performance in science as measured by post and retention

tests?

Ouestíon four attempted to find out if there was

any ínteraction among the independent variables: what is

the ínteraction of the independent variables; .instruction
and testi.ng, instruction and time of testj,ng, tedting and

time of testing, and instruction, testing and time of testing?

Other questions which were considered included the

following: Hoh¡ are the dependent measures related to one

añother?, and What rating was given to each concept on each

of the scales of the. semantic dífferential used to measure

attitude toward science?

Operationali zation of Variables

Performance in science was measured by an achievement test

described in the sectíon Description and Selectio4

of Instrument-s.
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Performance in arithmetj-c operations was measured by a Group

t of Soeed and Accu in Arithmetic ation

Dominion Test. Performance in arithmetic will consist

of three parts: speed, accuracy, and achi.evement.

Each of these facets will be measured as defined by

the Sroqp--Te-s t--91-S¡eeg-.enA 
-åC-SCEêçI¿. 

2 5

Attitudes to science will be measured. by the Attitude Survev26

. described in the section Descríption and Selection

of Instruments. the four facets of Attitucle 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 Èo teaching

the science units with or witfrout ihe calcul-ator.

Testíng is an independ.ent variable and refers to having or

not having the calculator available for use on the

examination.

25The Dominion Tests
Accuracy in Arithmetic Computation, Form A and Form B,
ÐepartmenÈ of Educational Research, Ontario CoIlege of
EducaÈion, 1955.

26¡,t.rtin, loc . cit .
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Time of testing ís àn independent variabfe and refers to the

time at which Lhe measures are taken, as a prelest,

posttest or retention test.

P¡:oced ure

Initially, verbal permission from the principaf and

the teachers in the science department of a Winnipeg High

School was requested.. Once permission was obtained at the

school level, the Inter-Univers ity Schoof Research Committee

was approached by letter. Approval to conducL the study vras

then obtained from the committee (see appendix A).

The length of ínstructional time h/as the. same for

all subjecis involved in the study" This inst.ructional time

consisted of threnty-eight classroom periods, . each fifty

minutes in length, over a time span of approximately tvuo and

one half months. The time span was chosen on the basis of

similar studies by Glasin,?7 anð. Schnur and Lang.28

A test llras consLructed to measure the level of

performance in science. The test was designed to measure the

27crasin, loc. cit.
28s"hrror 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. Furtherm.cre, four teachers werc i'.sed

in order to determine the suitability of the questions. The

teachers were told to assess the questions, keeping in mind

that all calculations are to be done manually in one fifty-

mínute períod.

In order to minimize the error, due to the zeal of

the teacher, the two cl-asses vrere taught by the same leacherst

the researcher and a staff member from the cordon Betl High

School . The control group (the class hrithout calculators)

began the study with the researcher and, after fourteen periods,

were transferred ínto the classroom taught by the staff memlf,er.

Sirnilarly, the experimental group transferred classrooms after

fourteen periods .

' At, the fírst meeting, the students participating in

the. experiment were told that they would be taking part ín an

experiment to determine the effects of thê use of the calcul-

ator in science outcomes. They were also to.l-d that all work

hfas to be performed during class times only, and that there

was to be no work done at home.
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The sti:dents \¡zere 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 studer,ts were taught the science

unit and were asked. to use the calc-

Iator for_ all the necessary arithmetic.

These students \dere allowed the use of

the cal-culator 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.

The students were taught the same

science unit as those in treatments

one and two, and they were allovièd 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 calcul-ator at any time.

Diagramatical-ly, the strueture of the experíment

Treatment 3:
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s¡ould appear as shown in Table 1.

TABLE 1

S tr:ucture of Experiment,

Ca L culator

Cal- c ula tor

Ins truction Testing Pre tes t

Ca tculatoi

No
Cal culator

Post test Retention Test,

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

Operational i zation of Variabl-es. The retention test was used

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

Che pretest and posttest, used to measure performance in

arithmetic, took place without the use of the calculator.

The pretest of performance ín science,. was given to determine



2I

the students prior knowledge on the topics and "work"

None of the students demonstrated prior knowledge in these

topics. As a result, no students were deleted from the

program. Also at thj-s time, those students using the calc-

ulator during testing were given some instruction in its

operation.

Course Content

The first criteria for selecËing the material to be

ir¡structed in this study \tas that it satisfy .the grade ten

requirements of the high school science department- The

second. requirement 'nzas that the instructional units stress

practical mathematical manipulations and contain a need for

the fundamentäls of arithmetic.

As a result, units on "Heat" and "work" were selected..

Ilork in these units included a cons j-ôerable amount of practical

science mathematícs which gave quick and practical results.

The. basics for the unit on was that of chapter eleven

of the rntroductory Physical Science textbook,29 th" nwork"

29_ _--Educational Services Incorporated, Introductorv
Þhysical Science (Engtewood CIiffs, N. J.: Prentice-Half
1972) -
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unit was taken from Interactíon of Matter and Enercrv.30

The general instruction in the concepts of "Heat"

and "Work'1 was a combination of teacher lectures, demonstr-

atíons, and student lab activities. The general sequetice of

ínstructíon was Ëhat, firstly, a rationale of the topic was

given, and secondly, the teacher, _ through lecture and demon-

dtrat,ion, then described the lab activity. Next in turn, was

the 1ab act,ivity itsel-f . The students \^zorked in pairs, after

whích they summarized the l-ab with written reports that \dere

handed to the teacher. Following this was a dri11 on the

theory in the form of verbal questions and stud.ent worksheets.

This sequence vras then repeated for the next lab àctivity.

At the end of the units, the students \^/ere given a quiz on

the theory.

The general course content and the objectives of the

course aro giiven in appendix B.

Selection and Description of tlre Sample

The subjects used in this study \¡¡ere grade ten

3oNor*.n Abraham, Patrick Batch, Donald Chaney and
Lawrence M- Rohrbaugh, Interaction of Matter and Enerqv
(Chicago: Rand McNa11y, I968).
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students registered in science at a Winnipeg High School.

The high school, a large acadeinic school located in a major

urban centre, has a combined junior and senior high systern,

gracles 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

grouped by the school's science department, This meant thaÈ

the students \,/er e 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, "lvhat I learned in this sciånce

course", concept 2, " How I feel about this science course",

concept 3, "science student", and concept 4. "Science teacher",

are as followsz L7.O92, 12A"743, 259.393, 246.275, and,

323.254, respectiveJ-y. These figures were used as approx-

imations of error variance. CeIl sizes were calculated with

a desire to point out meaningful differences of one standard

deviation betvTeen 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 T1ìe power of the test v/as arbitrarily set at

95% for the leve1 of significance at .05.

The treatment group requirement. for tests of main

efÍects was tèn, and for first order interactions, sixteen.

This meant that in order to perform the study rdith a poweÈ

of 95% on first order interaction., 64 subjects were required.
' Unfortunately, because of timetable restrictions

and a límited facility, only 40 students coul-d be made

available. Therefore, the actual pov7er vrould be greater than

95% for main effects, but onLy 64% for first brder interactions.

Cohen suggests that if nothing can be done about Low power,

the research should be run and Hg test.ed. If H6 is not

rejected, the failure may be due to lorv power, or HO may be

true.32

Description and Selection of Instruments

The measurement of the dependent measures was made

31J-*"" K. Brev/er, "On the power of Statistical Tests
in the American Educational Research .Tournal,,' American
Ed.ucational Research Journal, 9, No. 3 (Summer tWZ¡ Zg+.

32,facob cohen, "Statistical power Analysis and
Research Results, " American Educational Resgarch Journal,
10, No. 3 (Summer 1973), 227.
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by both standaräized test.s and proj ec t- developed tests.

Prior to the study, the instrument.s used to measure attitude

and performance were tested. A hreek 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 pilotíng of the ínstruments indícate that

ihe test-retest reliabilíty for performance in science was

0.82. As for the four facets of attitude, measured by the

concepts "What I l-earned in this science course", "How f feel

about this science course", "science student',, and "Science

teacher", test-retest reliabilities were 0.91,. 0.9I, 0"80,

and 0.86, respectívely. These measures indicate that ttre

results of the test should rêmain constant over time.

Performange Testinq in Science

. Performance testing Will- be a measure of the students

achievement of instructional objectives, as stated in appendix

E. Performance testing, or achievement testing, has been the

traditional means by which the eval-uation 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
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test accompanied blz a comparison of tv/o groups.33

Program evaluation has developed to the point where

achievement testing is no longer standardized. Stake indicates

that standardized achievement Lests are irradequate for

curriculum evaluation.34 Project developed achievement

testing provides an alternativ.e to standardized achievement

testing.

Cgmputational Abi

The test selected was the Group Test of Speed and

Accuracy ín Arithmetic Cornputat.ion. 35 The test designed for

students in grades five to ten, in the four operations of

additíon, subtraction, mul tipl-ication, and division with

whole numbers, measured three facets of computational ability:

speed, âccuracy, and achievement. The reliability bet\4/een

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

33P. Taylor and D. Cowtey, "New Dimensions of
Eval-uation," Readinss i.n Curriculum Evaluations, eds. Taylor
and Cowley (Dubuque, Iowa: Wm C. Brown co., L972), 7-

34R. Strk", " Tor^rard. a Technology for the Evaluation
of Educational Programs, " PerspecÈives in gurrículum
EvaJ-uation, ed. B. Othanel Smith (Chicago: Rand McNaIl-y and
co. , t968) , 6.

35Th. Do^ittion Tests, loc. cít.
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O.9L, O.64, and 0.9I, respectivel'y, for speed, accuracy, and

achievement (see appendix c).

Atti_Ludes

As indicated by Sha$/ and Wright, attitudes are the

end products of the socialization process, and they signif-

icantly influence man's responses to cultural products, to

other persons and to groups of p"rsons.36 rf one can

determine the attitude of a person t"oward a given objecË, or

class of objects, then this information can be used in

conjunction with situational and other dispositional variables

to predict and explain reactions of the person to +-hat cfass

of objects.

Cronbach stated "attitudes are prominent among the

outcomes with which course d.evelopers are concern"d".37

Evaluators must attempt to measure these attitrrdes, and

attempt to rel-ate them to the program as a r,¡hole.

- In this study, a semantic differential was used to

36u. n. shaw and ,r. M. wright, scales for the
Measurement of Atttitudes (New York: Mcct:av¡-HifI ,- L967).

37t. cronbach, "course Improvement. Through Evaluation, "
Teachers' Colleqe RecoEd, 64, No. I (1963) ' 673.



2A

eval-uate 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 adjecti.ves ín

relation to the concept. ,..
Since the purpose of this study was not to design an

instru¡oent for measuring attitudes, a search rn¡as 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

s tudents -

2. The group of students used in tfri= stoay ar"

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).

38Martín, loc. cit.
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LrucLural Mod(-] I

Kirk, using the design presented in this chapter,

suggests a structural model- to help answer questions one to

four cited in the first sectíon of chapter three.39 The

model will answer the preceding question for the variates,

attitude to science as measured by the concepÈs: "Inlhat I

- learned 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 ariEh-

metic.

The model, and an explanation of the symbols used in

it, are as follows:

xii¡.r = u + di + Yk * oYik * nr(it) * t, * *ij * 3Yjk

* 6Yijk * 3njr(it) * ti¡k,

The components of the model are defined for each depende:rt

variable:

X: dependent variable (perso4's score on criterion),

u: mean of ali subjects in .the study on the

dependent variable,

39Rog". E. Kirk, Experimental Design: Proced.ures
for the Behavioral Sciences (Belmone, California: Wadswort.h
Publishing company, Inc., f968), 283:
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(r: effect due to use of t.hc calculal-or cluring

instruction,

y: effect due to use of the caiculator cluring

tes ting ,

ß: effect due to time of testj,ng,

?r: effect. due to indiviclual differences,

e: residua] error,

i: levels of instruction, i = 2,

j: l-evels of testing, ) = 2,

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

m: level-s of students.

Hypothes es

To answer the questions cited earlier, a series of

null hypotheses were stated based on the preceding structural

model:

Question l; effect due to instruction:

HOI: oj = 0,

Question 2; effect due to testing:

Ho2: 8k = o'

Quest.ion 3; effect due to time of testing:

H03t y, = 0.



'l'hc nuil hypot-hcscs, whÍch Lcst-

the fotlowing: H04r (oß )jk = 0,

. H05, (oy)j,n = 0,

.Ho6t ßv)0, = o,

HoTt (æv)ro, = o.

3t

inLcracLion,' arc

Statístical Procedures

If any inferential statisticat procedures are tc be

used in analyzing the data, certain assumptions about that

data must be satisfied. O Tests \n/ere carried out on thís

data to validate the assumptions pricr to using any infer-

ential statj-stical proced.ures

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 iÈ is normal

in.distribution. fn this study, population normality was

inferred from measures of skewness and kurtosis on the deÐ-

endent variables. The second assumption is that of homogeneity

of variance for t.he dependent variables. The assumpt.ion of

40- -'-hI. James Popham and Kenneth A. Sirotnik, Educational
Statistics Use and fnterpretation, second edition (New york:
Harper and Row, 1973), 2O8.
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homogeneity of variance will be tested by means of the F*"*

test, as recommended by xírk.41

The statistical tests used in this study v/ere the

Analysis of Variance, and the Pearson Product Moment Correl-

atíon, Lindquist has noted that these statisticaÌ tests are

rel-iable in spite of mild variations in the assumptions of

normality and homogeneity of variance.42 As a resuft of these

observations, the assumptions of normality and homogeneity

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

As sumpt ion s

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 that the students answered-

the questíons 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.

Íhe third assumption was that there was no aríthmetic practice

4lrirk, loc. cit.
42n. S. Líndquist, "The Norton Study of the Effects

of Non-normality and Heterogeneity of Variance, " Contemporary
Probl-ems in Stat.istics, ed. Bernhardt Lieberman (Toronto:
Oxford University Press, 1971), 358.
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from pretest t,o posttest. This assumption \,ra s made after a

discussion with the mathematics teachers of the school-

revealed that the mathematic topics studíed_ by these classes

hrere taken from geometry. The fourth assumption \,/as that

there was no further learning of the concepts taught in the

course from posttest to retention. test. The topics taught to

ihe students foltowing the st.udy were on crys tallography, and

involved no mathematics.

The final assumptions were thaE. stì-idents did all- of

the vrork during class time and that those stuilents who were

provided with the calculators used. them.



CTIAPTER IV

ANAiYS IS OF RESULTS

Descriptive Statistics

Reported in Table 2 are: sample size, theoreticaf

expected mean, mean, range, variance, maximum and minimum,

and measures of skewness and kurtosís. These statistics are

reported for the pretests and postf:ests of the, four concepts

of attitude. In the tables which follow, concept one will-

refer to the attitude measured. by "What f learned in this

science course", concept two will refer to "How I feel about

this scíence course", concept three wil-l- refer to the "Science

student", and concept four will t"f"t to the "Scíence teacher"

Also reported in Table 2 are the statistics for the pretest

and posttest for speed, accuracy, and achievement ín 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

mortaliÈy rate of 10/" (one student from each of the four

34
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treatment groups). The theoretical expected ¡nean is simply

the midpoint of the possible range of scores. A comparison,

between the pretest means and the expected means, indicates

that thc subject,s tend to respond markeoly toward the positive

end. A possíble 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 comparíson, between

the expected mean of performance in science with the actual

mean, shows that the results are slightly below the expected

means, and that ttre performance test was slightiy difficult.

The maximum and. mínimum scores indicate that .r-he instfuments

can discriminate, since the absolute maximum and minimum

bound.s were achieved in only lhree cases t one subject received

a score of zero on the posttest and retention test in perf-

ormance in science, while anoth"r .eceived a ze::o in the

retention test-

A characterístíc of the data is that the range of

scores decreased from pretest to posttesË for all measures

except achievemenL in arj-thmetic. Another characterist,ic is

that Lhe variance for all but tv/o of the measures decreased

from pretest to posttest, for all measures except attitude
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tovrard the scíence teacher and achievement in arithmetic.

There is no apparent reason for these characteristics of the

tv/o sets of measures.

The measures of skewness r¡/ere tested at the .01

level- of significance. Ttvo of the variables showed signif-

icant negative skewness: the preËest for att.itude toward

rlühat I l-earned in this science course,,, and the pretest. for

attitude toward "Science student". Thus, the direction of

skewness indicat.es that the majority of sLudents responded

to the positive end of the scale.

. The measures of kurtosis were also tested at the .Of

l-evel of signifi.cance. Two of the variables showed. signif-

icance: the pretest for attitude tovúard "What I learned j-n

this scíence courset!, and the pretest for attitud.e 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 IntercorreÌations

The non-normal distribution of data for the measures

attitude to\,fard "What I learned in this science course", and.

tov/ard "Science student", may affect the Pearson Prod.uct
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Moment Correlation- Norrís and Hjelm undertook a study in an

attempt to pin down any effects of non-normality on pearson's

r. In general, the st,udy concluded that for populations

vrhere t:lere \4rere no correiaiions the sampling distributions

based on non-normal populations did not differ markedly from

those where the theoretical assumptions of normality coulci be

inet. Ho¡¡¡ever, for populatíons where there v/ere sígnificant

correlations the level of significance r4ras inflated by

departures from normality. The proportion of si.gnificant

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 thè 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 have shovrn departures in

normality is reported at the .Ol level . The levet of signif-

icance for correlations between all other variables ís reported

Á)
='Raymond C. Norris and. IÌoward F. Hje1m, "Non-

litrormality and Product Moment Correlation, " Readinq in
Statistics for the Behavioral Sciences, ed. Emil F- Heermann
and Larry A. Braskamp (Englewood-Cliffs, Ne\^/ Jersey:
Prentice Harl-, 1970) , 349-360.
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at the .05 level .

. The Pearson Product Moment Correlations were

calcufated be t\';een alt possible pairs of variables. The

1ei¡ei of significance is reporteci at the .05, .Ol, and. .CC1

levels. Significant correlations existed between all pretest

ancl posttest measures on the same. variable, except for concept

four, attitude to\,rard the "science teacher". A possible

explanation of this is that the students r{ere taught by

different, teachers prior to the experiment.

Afl int,ercorrelations between the prêtest and. post-

test for speed, accuracy and. achievement in arithmetic are

significant. This indi-cates 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 o, an" tests are signif-

icant; the exception being concept, four, which does not give

signifícant intercorrelations with the pretest, and posttest

for concepts one and. two. An explanation 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 four concepts of attitude, are al-l

positively correlated. Three of these four measures are

significant, indicating that the measures of aÈtitud.e are a

fair predictor of performance in science. Furthermore, the

measures of arithmetic correlated significantly i,/i th the

measures of performance in science.

An interesting feature cf the correlation matrix is

that.the pretest of attitudes does not correlate positively

v7i th speed, accuracy, and achievement in arithmeÈic or with

performance in science. There is no apparent reason for the

fack of positive correlation.

Test for Homogeneity of Error Terms

Before considering the analysib of.variance to be an

appropriate test of the nul1 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 f,oax test. The procedure is outlined by xirk.44 The

44xírk, loc. cit.
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results of the partitioning of the tr^.¡o error terms and the

-&nax ratios are s hor¡/n in appendix F.

Since the Analysis of Variance test is quíte robust

with respect to the assumptions of normality and homogenei-ty

of variance,45 th" F*ax test was tested. at the .01 l-evel ôf

significance. The results of the. test of homogeneity of

variance are shown in Tables I5 to 22 inclusive. The I'max

test indicates that the assumption of.homogeneity of the

partitioned parts of the within cell variance is no signif-

icant at the .Ol- leve1 .

In the test for the equality of the correlations

between the repeated measures, the ¡'max test proved to be

significant. in the following cases: the attitude of students

to\./ard concept one "What f learned in this science course",

concept three "Science stud.ent", ""1 concept four ,,Science

teacher". In addition to being heterogeneous in variance,

the data for concepts one and three were al-so non-normal .

Hoh/ever, in both cases the treatment populations have the

same distribution, that is, negatively skewed and leptokurtic.

45e. n. P. Box, "Non-normality and. Tests on
Biometrika, 40 (f953), 318-335.

Variance, "

,.. --¡\' -. .'..\.

*¿l*;, ;:?",:;
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According to Myers, thè combinatj.on of two vío1a,tions,

heterogeneity of variance and uon-normafity, is not especially

worse than heterogeneity of variance alone, provided that all

trèatnrent popula.tions have the same distribution functiorr.46

Studies cited by Myers indicate that the level of

significance is inflated by heter_ogeneity of variance. If

â11 treatment groups are of the same size and approximately

normalfy distribut-ed, 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

signíficance at the .01 and .05 levels were exceeded in .02

and .07, respectively, of .bhe experiments run.

In order to alleviate the probtem of non-normal data

and heterogeneity of variance, the decision was made to

establish a more stringent cutoff level to maintain the level.

of'sígnificance. On the basis of the stuay report.ed 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 normalíty and homogeneity of variance.

46,f"ro*. L. Myers, Fundamentals of Experimental
Desiqn, second edítion (Boston: Allyn and Bacon, Inc., 1973),
70-75 -.



Thís adjustment was an attempt to keep the

signíficance at approximately -05, despite

actual- test level of significance.

Analysis of Varíance Results

44

actual level of

the change in the

The independent variables were instruction, testing,

and time of testing; the depenåenL measures v/ere scores on

each test. The results of the analysis of variance is given

in Tables 4 and 5. The E-statistic generated invofves a

ratio of mean squares beËween groups to mean squares within

çJroups. Each of the effects involving time of testing (K),

vras tested against time of testing (K) crossed with subjects

within groups effect. The remaining effects were tested

against the effect due to subjects within gqoups.

From Table 4, nul1 hypothesis HO3 \^¡as rejecÈed at

the predetermined level of .03, the F-ratio being IO.30260

v/ith 1 and 32 d.egrees of freedom. All other null hypotheses,

\"7ith respect to the four concepts of attitude, could not be

rej ected .

The rejection of HO3 means that time of testing did

have an effect on students scores, on the concept ,,Science

student". An examination of Table 6, on cel-lular means,
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indicates that subjects scored. lower before receiving the

treatments (70.13 before, and 76.88 after).

An examination of Table 5 indicates that Hg1 can

be rejected for performance in scíence; and HO3 for speeci and

accuracy ín arithmetic, and performance in science, at the

.O5 1evel of significance. All qther null hypotheses with

respect to arithmetic and performance in science could not

be rej ected.

Examination of the cellutar means of Table 6 shovrs

that subjects achieved lower scor:es 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, anð, 94.97 for accuracy) -

The rejection of these two hypotheses i;dícates that time of

testinq did have some, effect on student performance of speed

and accuracy in arithmetic.

The rejection of Hg1 for performance in science

indj-cat.es that there is an effect, due to instruction.

Examination of ce1lu1ar means indicates. that the groups

using the calculators during ínstruction (mean 14"83)

achieved higher test scores than the group.not using the

calcul-ator during instruction (mean 9.72). Rejection of Hg3
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TABTE 6

Cellular Means (each cell has 9 subjects)

Instruction Testing Measure
Pre Pos f,

Calculator

Calculator

Concept I
. Concept 2

Attitude Concept 3
Concept 4
Àccuracy

AriÈhmetic Speed
Achievement

Þerfarm¡n¡o

65.O0 66.33
63.22 64.7i
67.55 77.33
75.88 74.OC
87.88 9I.68,

LA7 .66 201.0c

No
ca].culator

Concept I
Concept 2

Attitude Concept 3

Concept 4
Accuracy

Arithmetic Speed
Achievement

ÞêrFôrnãh-ê

78.11 72.r.
72.44 7 L.22
7 2 -77 75.5a
67 .IL 76.0C
87 .88 94 .7'j

190.33 '20A.CC

342.44 334.3:

No
Calculator

Calculator

Concept l-

Concept 2
Attitude Concept 3

Concept 4
Accuracy

Àrithmetic Speed
Achievement

Performance

73.88 75-i.-
7 2.22 75.4i
68.33 7 0.83
79.77 79.22
a7 -22 96.0C

185.00 20s .6ê
336.11 336 - 0C

li[o
calculator

Concept 1
Concept 2

Àttitude Concept 3

Concept 4
Àccuracy

Arithmetic Speed
Achievement

Performance

76.22 72.66
70.44 72.OO
71.88 7s.77
?3.22 74 -rr
86.66 97 -44

188.44 213.11
334.88 335.5 s
1o.55* 7 -?'t+¿,

* 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 il.16).

Findinqs Related to Attitude

Osgood states that the affective domain is made up

of several components. In an analysis of 76 scales from

t's Thesau Osgood distinguished eight factors or major

components of the semantic space. Ten of the..fifteen scales

used in the researcher's study were chcrsen from those scales

used by Osgood. These ten scal-es 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, importanÈ-

unimportant, positive-negative, and wíse-foolish. The scale

high in the potency factor was heavy-light. The scale high

in the activity fêctor was compJ-ex-s j.mple r and the scales

high in the receptivity factors were colorful-colorles s and

interesting-boring. 47

47c. osgood, G. suci and
of Meaninq (Urbana: University of

P. Tannenbaum, The Measurement
Illínois Press, 1957), 47-66.
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Thê above method of categorizing scales has been

used previously in studies by Ashley,48 ashley and Butts,49

and Butts and Raun . 50

The fact that only one scale was used in describing

the factors potency and activity was of sone concern. However,

this number of scales was used.ín.a prevíous study by Butgow.5l

As a result of Butgovr's study this number of scales was

considerecl to be viable for this study.

The questions asked, the hypotheses stated, and the

structural model used with regard to these factors of attitude

48,fa*"= P. Ashley, ',4 Study of the Impact of 'an
Inservíce Education Program on Teacher Behavior,' (unpublished
Ph. D. dissertation, University of Texas at. Austin, August
1967), r57.

49,J.*"r P. Ashley and David p. Butts, ,,A Study of the
Impact of an Inservice Education program on Teacher Behavior,"
Research and Curriculum Devel-opment in Science Ed.ucetion, Vol .
2, Curriculum Impl-ementation in Elementary School Science, ed.
David P. Butts (Austin: Science Education Centre University
of Texas, DeceÍìlcer f97O) , 96-116.

Sopavid P. Butts and Chester. E. Raun, "A Study of
Teacher Attitude Change, " BgE_eè
in Science Education, Vol . 2, Curriculum Iniplementation in
Elementary School Science, ed. David p. Butts (Austin: Science
flducation Centre University of Texas, December l97O), I5I-155.

51,J. Brtgo., "A Semantic Differential Science Interest
Test, " School llcience and Ivtathematics , 74, ño. I (L9?4), 189-
196.
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parallel those used in Chapter IIT. The difference in this

parallel being that the dependent measures consist of the

four factors evaluation, potency, actívity and recept.ivity

for eacli of the four components.

To ansv/er the questions, separate factor scores \^/er e

computed for each subject. An _evaluation score was computed.

by summing over the six evaluation scales (a possible range

of score from 6 to 42); a potency scoïe over the one potency

scale (range 1 to 7); an activity score over the one activity

scafe (range I to 7); and a receptivity score over the two

receptivity scales (range 2 Eo I4). This was done for the

pretest and posttest ratings.

Tables 7, A, g and IO reporÈ the sample síze, theor-

etical- expected mean, mean, range, maximum and minimum and

measures of skevmess and kurËosis for the pretest and posttes:

of the factor score for each concept. The measures of skewness

and kurtosis were test,ed at the .Ol leve1 of significance.

Departures from normality were observed for the

foJ-lowing: the pretest for the evaluation factor for concepts

of'!e, t\^/o and three; the posttest for evaluation for concept

four; the pretest for the potency factor for concept threet

the posttest for the activity factor for concept one, and the
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pretest for recéptivity for concept three.

As a result of the deparLures 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 stríngent cutoff was used and significance \^/as reported

at the .01 level . The Analysis of Variance results for the

four factors under each of the concepts are given in Tables

11 to 14.

Tables ll and l-3 indicated that null hypotheses Hg3

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 ò indicate

that students are more favorable toward the concept ',Science

student" than had previously feen iuaqed. Further examinat.ion

of Table 7 reveals that students also felt that what they

leárned in this science course raz"= n-r" powerful than !ühat

they had previously learned.

Nul1 hypothesis Hg4 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 graph of the means of

the four treatment groups indicates that the group not using



53

the calculator during testing was more receptive when instr-

ucted without the calculator than when the calculator was

used duringi 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

other factor over any other concept. These resul-ts would

seem to indícate that there was either no significant change

in attitude for any factor towards any concept, or, changes

that did occur were paral1e1 changes for al-l groups.



54

f.¡
o

rrr
a

11c
Ord.lo
u.Ð
rû
Ér c'! 

Ŷ
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CITAPTER V

SUMMARY

ïn general, the purpose of this study vras to examine

the effect of the calculator on science-related outcomes.

The outcomes consisted of the students' performance in science,

their att.itude to some facet of science (four components),

plus speed, accuracy and achievement in aríthmetic.

Tn this investigation, 18 grade ten students v/ere

instructed in two science units, both of which involved

fundamental operations in arithmetic, These lg students

vrere then compared to another group,of lg students who were

taught without the use of the calculator. Other factors

v¡hich were also considered incl-uded the effect of calculator

usage 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 arithnetic.
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AI1 students \¡¡er e tested on the d.ependent measure prior to

and after the instruction. The performance test in science

was also gíven three weeks after the termination of instruction.

The eft-ects of instruction, testing, and time of
testing were examined using an Analysis of Variance. The

dependent measures were correlated to estimate theír relat.ion-

ship. The dependent variable intercorrel ations generally

suggest that these variabl-es are positively related. Thus,

it shows that the feeling to\¡/ards the course and towards \úhat

was learned in the course is related to performance in science.

It also shows that arrthmetic skill-s and performance in

science are posit.ively retated.

The only concept from the semantíc dÍfferential which

was affected was attítude toward the concept ,,Science student,,.

All four groups rated this concept higher from pretest to post_

test. No other h]¡potheses \^¡"r. r"¡".ted for attitude. This

indicates that. the type of instruction does not affect attitude

to a. great degree -

The results of the Analysis of Varíance suggest that

there is a significant effect in achievement in sci-ence, due

to instructional type. The results favored_the group using

the calcul-ator during instruction. Al-l groups sho\,red a
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signíficant effèct in p.rfor*.nce in science from posttesÈ

t,o retention test, with higher scores on the posttest.

The four groups also sho\¡¡ed significant differences

in arithmetic performance in the facets speed. and accuracy,

from pretest Èo posttest. ft did not seem.to matter \¡/hat

instructional type was used, since student performance

increased for both groups. No nu1l hypotheses were reject.ed.

for the dependent measure, performance in arithmetic. This

suggests that the type of instruction, with or \,,/ithout the

cal-culator, has no significant effect on arithmetic performance.

fmplications of the Study

The results of the study suggests that students of

similar age and backg'round wí11 score higher'on mathematical

problem-oriented units in science, if they use a calculator

during class time. At the same timè, there is very little

difference in attitude among the t$/o 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 done manually, there is no effect due

to the use of the calcul-ator during testing.
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Limi tati on s

The findings of the study are fimited for the folt-

owing reasons:

1. Due to the sma.ll sample size, there is a low

power for first order int.eractions.

2- Performance testing in science was problem

' testing only.

3. No consideration was gíven to sex differences of

the sample.

4. The sample was representative of only 75% of Ehe

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 grailes.

Sugqestions for Further Research

As stated by Glasin, some educators have the opinion

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

machine-dependent learners.52 The students in this study

showed no dependence on the cal-culator to perform arithmetic

52ctu"irr, loc. cit.
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computations quíckly and accurately. Hoû/ever, 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-

ility of showi,ng ilifferences due to interaction.

. Hopefully, additional- uses of the hand-heId calc-

ulator in the science classroom will be developed. It is

logical to propose that machine use could aflow some aspects

of many topics that are currently omitted.
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COURSE CONTENT

A- Work and Simol r: Ma¿-hi ncs

I . Wol:k and F¡:ic tion
. - vrork

- coefficient of friction
- efficiency of machines

2. IncJ.ined Plane

- ínclined plane
- advantages
- mechanical advantage

3. Levêr

the lever
advan tages
h/ork and the Ìever

4. PuÌleys

B. Heát

1. Quantity of Heat: The Calorie

- tieating different subst.anees

2. Specific Heat

- heat lost by a substance in coo)_ing
- specific heat of a sotid

3. fieat of Reaction

4. Heat of Fusion

5. Heat of Vaporizat,ion



ao

oßJEC'I,IVUS ¡{)rì UNÍTS ON WOIù< ÀNIl IIÀ'I'

General fnstructional obiectives Soeci fi c

Understands the measurement of - is able to compute the rvork
work dóne by simple machines

. .using the formula work =
Force X Distance

Knows how to calculate the co- - understancls the meaning of
efficient of friction 

- ::i::r::""*iiltll.rrr.r.".
of friction using the
formula K = F

ñ

Understands the rneasurement of - is able Èo cornpute the mech-
nechanj-cal àdvantage anical advantage of the sin-

p1e machines, the inclineC
plane, Lhe 1ever, and t.he
pulley sys lem

Understands the measurernent of - is able to compute the eff-
efficiency iciency of an inclined

plane, a lever and a pulle!,
sy5 tem

Understands the rneasurement of - is able to compute the hear
heat gained or lost by a substance

using the formu.Ia Heat =
Mass X Specific Heat X Change
j.n Temperature

Measures the heat of reaction - measures the heat of reac-
and comprehends the cause tion for a chemicaL reaction

Measures Ehe heat of fusion - *aarot"r the heat of fusion
of ice to lvater

Measures Èhe heat of vapor- - measures the heat of vapor-
ization ization of waLer to steam
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.. Àdmlnistration of l:ne Test

Adûlnistratlon Cll' thc TÊ5t. (Îhê partr bel'or
E c^FrrÑsi;ã to-Ê--¡€êd- aroud, carerur\v aad
d,rstinctl.y, by the e)€¡t1ner ' )

. Iiten the exÂDlner is certalrl thÂl alL the
oecessarlr prel,hins,ries bÂve beeo atleÞded to,
he 6ays:

tÍß ls À ÍEST nI SPmÐ ÂtfD ACCIJRACy nr ARrrf-
I'IEÎIC. I A.}1 COING TO CIIT EACIÍ OF YOU OIIE OT

ÎHESE SOOKLETS, m llgr oPlN fl' Itt{tll- r rriLl
Yqj 10 DO SO. (ExÂerner dlst¡lbutes the tesls,
tektng cêre to see tbÂt doÀe ls opened, êôd
keellng ê copy for h1-Eseu. )

NOW FII-L IN TT{E T}]TÐRI\4A1ION ¡SKED IOR OIT TüE
COIGR PAGE OF YoIJR BOOKL!ìT. (XxEútne¡ elther
tel}s the pu^Dr1s to go aheêd oÂ tbelr o!¡8, or
says: AfllER "ì,¡4,\€" mn$ YoUR NA,tß lN CA?IIÀrS,
TOUR IAST NÀYE ÍIRST, THgN YOLIR FNST NAME.

Exaldl¡er coÂllûres h tbÍs Íav u.Dt1I all the
b¡Ânks båve beeÃ l'lUed 1s. )

Er(allner theri says:
OW LISTE}¡ CÂ¡CFJLLY TO I'ïÆI I SÄY. TI{E DIREC.

TIONS ON THE COITER PÁCE OF YCUR SOOiCìT TELI-
YOU IIOW lN DO'IIIf, TEST. I¡OK AT TJE DÌnECTIONS
A¡TD READ TIIE!Í SII¡NTLY AS I RTAD T¡{E¡,I AI¡UD.

the e:<snlÃer tbeB reads tbe first p6.ragraph of
tlle ¿llrectloûs aloud fron hfs copy of tbe test.
Íb1le t¡e second rov of sêEpl-e q\¡estlons ls belrìg
do¡e by the pup116, the e)€nlner çfalks arou¡d aod
cbêckB.thelr vork. lfhen these exaúpLes bave beeÂ
cgq)lited,, exÂdtreÌ seys:

TEE coRnECT ÁNshm FOR TÌ$ .rst QUISTI0N rs L539.
ÎIIE CORREC1 AIISWERS FOR THE dIIER l¡fR!;E qUES.

TIoNS Aif: 2Ãd QLTSTIoN, l+37; 3rd QútsTIoN,
II,8E2J Lth Q'JESIION, ].2, RÊT:AINDER 5. ARE

II{ERE Á¡fT QI,ESTIONS? (rxantncr llskes sÃy
¡¡ecessa.ry erI)l¿Dstf oDs. )

8xa¡¡lBer theÁ ¡ea¿ls sloud the reealnlog psraaralb.
gheÃ he ls su¡e tbÂt tbe puplLs u.rÌderstaûd vir&t
they are to do, the e)@¡ÂiDer t¡kes hj.s copy of
tbe test booklet, últÌ¡o\¡t lettlÃg the PuPll.s oleÃ
tbets, ald ssys:

!æI{EJ4EIIR TIIA? YOU ¡1I{E 1Ð ÀDD, RE^¡Y - ÉEC ll{l
€xÂnfner records Lhc tfnc-¿ñ the Tldlíg IorE
or u6es hls ctop-vatch. )

After exÂctly 5 nlnuies, saY:
STOP. .U¡T'¡ T! TEST 2, }JTD FOLD PACK Tiß PACÉ

LI¡G I'lf$ (dcnon¡rLrolc). (l'ausc) Rf,¡anq¡sR
1[ÂT N¡ TíIS IEST YOU A.8I] 1'O gUB'IIì,fiCT. REÂ¡Y -
SEoINl (ExÂn1Ãer recorits the-t-úãlJ-

After exÂctly 5 ninutes' 6aY:
SToPT IUN,T õV'R YOUR ?OOKI-ET TO TEST 3.
(pêuse) REr'¡:'ßifi TIfAT c,l rllrs rEsr You ARE 10
MJLTIPLY. HEÀDy - EEGnll (E)'á&lner records
The trû1e. )

After exsctly 6 Eirnltes, say:
STOP i-EAII-õñR TO TdST I¡ , ANÐ FOI¡ BACK TIIE
PAct I.ûG TfllS (dcnonslrûre)' (PauÊe)
REI,EY'¡ER 1II.[T IN TIII5 TEs¡I YOU ì]ì TO DIVIDE.
SflOÍ AìIy nE¡.,AItDItR Il¡ TìiE [jSi,AL piJtCE. m t:07
SPEND TI.!ÍE CIAjTõÌr-{C À niì"ÂilíÐrR To A ¡'AACIICN
OR A DECn4^L' ffiA¡Y - BEcnl! ( Exentner
records the tfEe. )

After errgctly 6 nl:lìrtes,- sayi
SrcP: PIACT ÍOUR ÆT¡dIL O1"lI YOLN I¡ESK' CI¡SE
YOJR BOOKLET.

E)cs.o1trer coLlects booklets ir@edistev'

}JEE¡I r TEII, YoU m DO S0, Om¡r YoUÂ BOOn ET AllD

START Áf T€ST ]. Í'YOU FINISII A TEST Á]EÀD OF

TIME, CIIECK YOUR WORK, BL]'I ON TF"AI TEST ONLY.

¡o NOT IlJ¡N M Á}IOIJ{M PACE OR CIiECK AN EÁRLIER
rEsl;
yOU ARE fO ÂÌlSLqR TIE qUESTIoNS BY RohS: FlnST,
TEE TOP ROW, TmìJ Tm sEcotfD Rov, afD s0 0N, Li€
f¡IÍt (deoonst.rate) - Do YouR woRK Ás QUrc¡\:LY .iÐ
ACCIJRÄTELY ÁS YOU CÂ}I. TOU WII¿ I,IOT LflGL-J fCI.
ïSu ¡r¡ r¡¡ eucsTrot¡s ni lte rrrls Ál,IrwED. You

Á¡E TO START I,¡ONK ¡S SOON AS I SAY "BECIN.' ¡,$D
YOIJ I'llJsI smP lrtrn¡ I sAY r sToP" .

T{OW OP¡N YOTJR EOOIC,EA M IEST I, AND ¡OLD BACK

TEß PAOE LIKE TEIS (de¡onstrate). (nause)



Samp1e Questions

Test I

7 L9
8oo
193

68r
9L6
566

796
848
527

r27
6j6
8zT

309
790
9-3__s.

'L17 Tog918 622
954 4jo

é6t als659 46c,8ll 576

683 462
7 38 I o I498 844

lest 2

84r
42ll
784

Bz9
r o7

SUBTRACT



Test,4
DIVIDE

s)-[J 6 7tiE2 16t65l

g)-õ-r-õ r 8)-1-tõ r 2)-ã-õ'T z zJ s3a



. 
scoring

TJpes of Scores- th-.ee t)?es of scores areobtêlned froE the res!, for each of Lhe iour
aubte6t6 and for r,he to¿af tcst:
l. The Achlevenent Score ts Lhe nueber of Ítens

coraec¿,
2. The Spccrt qco.c, tj obLalnc,l by subctlr\rt inJ rhc

co¡res.poÂdj.ng va.Iucs in the folloÌ{1nA for¡;b:
. ¡to. TLcns A¿tcn!!c\.i , rô

Tlnc of Test

3. The Àccuracy Score is obtaineC by substltuttua
the corresponding va.tues in the fotLovj.ng
formula:

No. Itenxs Corrcct
No. Ìtcns A¿tchntô.t -'

DATA CHARÍ

To¿â1 No. of Itens

Tt'n€ of Tost, (ln nlnuteE)

No. of Itens Correct

No. of ltcroe l,long

Tolal llo. Âttcrnpted (No. Co¡¡ect+ No. tlrong)

${.:01ìÈs:

Âchlcvc¡'lcn¿ (No. fèens Correct)

:T:i 1&.-I!srns.-lt!en!e3 * 19¡

No. Items Correct
^ccufacy \ño-.--ÎGñs-fÏñ pt;d- x r(/\,,
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a7

' Attl.Ludes ToHard 
^ 

Scicncc prograq¡

' the purpcse of ihis study Ls to ¡nc¿¡ure your attlÈuce to!,ard Èhc

Scf.euce progran you ðre now taktng by havj.ng you ludge ccrt¿in iCeas a8afnst
I serlcs of dcscriptfve scales. In taklng this tcst, ple¡se cal(e ygur

Judgcmcots on thc b¡ìsÍs of !,h¡c rhcse idcås ûe¿n io )gg. Oo e¿ch page of
t¡r1s bookLet you Ùill find a differclc ide¿ co be judged Ând benearh ir a

6eLof scåles. You órc to E¿tc tl¡c idea on eacl¡ of ahcsc sccles Ín ordcr.

ljere ls hor¿ to usê these scales!

If you feet the concepc at rhe cop of the page tr fSry closelv relatel
to one end of the scale you should place ycur check aark ãs Íollows:

Falr x: : : , a a

or

Fafr _!_!_!_t_r_:L ûnfoir
'If you feel that rhe coocepÈ fs çuite closcly_ rclarel !o one or ¿he

óther end of the scale (but noc extrencly), you should pÌace ¡-our check-

Dark as folloçrs:

..Gcod _:J:_:_!_r_:_' Bâd

cood _:_:'_a_!_:x!_ Bad

,, If the concept seeñs o.rtv'_é!!g!1þ reli.ited ro onc stde ¡s opposcd Èo

the other side (buÈ fs not really neutral), Èheo you sl¡ould check as f ollo,,¡s:

Unfalr

.Unl.bportaqÈ

Ualoportan!

ft¡portôqt _:_:J:_:_:_!_:

or

IDportaoc _:_:_:_:l:_:_!
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Thc dlrcctlon [ow¿rd uhlclì you nhcck, of cor¡rse, dc¡cnrls u¡on vhlch
of thc tlro-ends of tlrc scale seco nosc cl¡ôractcrlscic of the conccpc you

are j ut:glng.

If you considcr the concepc io be r:cutral on the sca1e, borh sides
of the sc¿le cquallv rr,táted to the cónccÞtr or If tlìe scalc is nct ln

--:any yit- relarcd to the conccpt, thcn you sìourd prace )our check ñ¡rk io
.. ' the ufddle space:

-Fle¿sant _!_l*f J3_l_t_ Unpteasanc

IMPORT¡"\T: 1) place your check na:ks in rhe nj.ddlc
of sp¿ces, nor on the b;.nd;ries -_

. :x1is: : .X Nor Thts

2) Be sure co check every scale for eve¡y
concepC - do not oñit any

3) llever put ¡¡ore Èhrn one check nark for each sca1e.

4) Sooe of the scalcs ¡re ¡eversed

so.etlnes you may feel âs tho'rgh you have had the sate itcm before
oq the test. This vill not be the case¡ so do noÈ look back and íorrh
througlì the ítcns. Do not try to.¡ene-nber hor.r ¡rou checked sioilar ice:s

flork at a fairly high speed thrgugh this tesÈ. Do not lrorry or puzzle

ovcr lnàividual lteos. It is your ffrsf lmpressions, rhe lû..nediate ,rfeel_

fngs'r about tt¡e Ítems, chat tje r¿anÈ. Oo the othcr hand, plcase Co ngÈ

be careless, bccause !,e vãoÈ your true Ioprcssfon.



' l¡hât I Lcarncd fn Tlús Scicncc Coursc

1) Goo<t . - - 
! 

- ¡ - 
: 

- 
t 

'- 
, 

- 
t 

- 
Bâd

. 2) Pleasurable 
-:-,-..-,-t-!_ 

palnful

.3) lleanlu¿lcss _:_:_:_ !_ a _! _ lleaningful
.

4) ftoportant _!_:_:_J_!_j_ . Uoloporranc

5) Negactve _t_:_!_:_!_:_ posltlve

6) tJise ,-:-!-!-: t- 
- 

Foolish

7) Ilcavy _:_f _t_t_t_l_ LlghÈ

8) Colorfr¡l _:_j_: j I , Colorless

9) Cooplex _!_l_!*:_:_:._ SfEple

10) fnterestlnS _:_a_:_:_:_!_ Boring

l!) Awful _r_!_:_f _l_l Nfce

12) Fatr _a_a 2 a ! t , Unfatr

13) Fresh _:_!_t_f _:-: srale

14) Ànnoytng !_:_:_!_!_!_ pleaslng

15)Prectse!.. Vague



' llo!¡ I Ì'ccl 
^bouE 

1lri9 ScJcrlcc Cor¡rsc

l) Good a a a a , t_:

2) Plcasurable '.t , , I a I

'3) Hcaninglcss _:'_t_a *t . a _t _

4, loporranÈ j _: _:_:. !_

5) Negatfve _¡_J_:_:._!_:_

ó) Wlse _l_t _:_:_!_t_
t

7)lteavyi:a'ta1.!

8) Colorful 
-a-a f*r-r-r-

9) Complex _!_l _a_a_a_l_

10) Intercs tfng

tl) Allful

12) iatr

13) Frcsh

l4) Annoylng

15) Preclse
.'

Bðd

Paloful

Ìfeanlngfu I

Uol¡rport¿ nt

Posttlve

Fool i sh

Lftht

Colorless

Sfnple

Eorfng

Nlce

ùsfaÍr

st:1e 
_

Pteaslng

Vague



t4j rr.,noyrng

15) Prcctse

Bad 
.

Palnful

:
líeanln¿ful

UulDpcrt.jnÈ
I

Posir 1ve

fool í sh

LlghÈ

Color: es s

Slupl e

Borfog

NLce

úafa ir

Stale

Pleasfag

Vague



Scfcncc TcJ cfic r

l) Cood

.2) Plcasurable : : ! : ! !

'3) lfcanfnglcss : ! 2 a a I

Bad

Palnful

lfeanfn¿fuI

Unfopor tan !

PositÍve

. Foolfsh

Lighr

Colorless

Slople

8or1ng

Nfce

Unfåir

Stale

Pleaslng

Vague

4) foportanr

5)Ne¿aclve'aai::I

10) Intercsrlng _:_:_:_:_r_r_

6) Wfse

?) Ilcavy

8) Co lorft¡l

9) Coarplex

11) Âuful

12) Falr

.13) 
Fr^.h

14) 
^anoyfng

15) Preclse ,': : ! a :



.A,PPENDIX E

SCTENCE PERF'ORMANCE TEST
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Show alL your work and calcuLation" on ,trr" *p"".
io ll.',w much r+o¡k .ìoes a man havlrrg a wci6ÌrL of 6io ä r.io i climbing a mour.,ain

2)9O n híeh?

2. How much heât must be put i¡to J8 g of water at 10ô C to ¡aise thc tenpcrctu¡e
to 48o c?

1. Pind the arount of heat gained by a 75 €ta'¡r. Ie:d bullet as it hits a block
of wood and j-ts tempe¡atu¡e ri6es f¡om 40ô C to 65o C. (îhe speciiic heat
of lead is .O) ca\/gl"C):

t¡. (a) I boy can push r.rith a force of 5OO N; IIow Long must an inclined plane
be if he Ís to push a Loaded cart v,/eighting 750 il up onto a l)latforn J. ür

above the Èround? (NegLect friction)i

(b) I¡ ¡r:.ction nakes the efficiency of the plane only 60Ø¡ how long a
plane will be needed?



95

?..t Z

5. ?OO calories of heat uill ¡aise 2OO t¡.rns of subs¿ance !. lron )j" C to EO"C.
lJhat is th¡ c;l,-tific heírt ol substâncc )l?

6. (a) How much force is requiaed in pushi.n6 an autor¡obile having a reigh: o:
25r0OO N on a coÍ:crete prve ent when the b¡akes ¿rrc lockibg the uheels?
the cqefficient o¡- friction beíng .6?

(b) i{ow ¡nuch work js ione in pushing the car 2! met,eic?

?. If the heat of fusion of ice is 80 ca)-,/grarn, liôw nany ûrans of ice a', 0'C
t¡ould be ¡Ììelted by llOO g of aluninum coolÍns f¡or¡ ICO"C to O"C iJ all ti-c
heat lost by the alunix.:ri ¡rÊre given to the ice? (The slecific hea¿ of
aluminuÍ¡ ís o.22 caI/s/"c).

8. ,1 meter 6tick is bûlanced al its midpoint. lthen a 5OO ¡;rân cbject is susper.deC
at the ,5 centi.meter ¡¡i3¡k on the stick ar¡ object of unknoun weiÈht ¡iust be
suGlended at the 80 cenlineter mark to restore balance. Ithat is the uei6ht of
the object?



Pagc J

9. Â 1CO g v¿eight of iron at 1OO' C is dropped into 1CO 6 of wate¡ at rA. C.
fhe resultirg temperature is 2OoC. Fihd the specific heat of the j.ron,
assuming thet all of the heat Losi by the i¡on is Bj.ven to the wate..

10. A set of pu11ey6 has a¡ ideal mechanical âdvantatje of !. \¡hat force is' needed to tift a weight of 2)O N. (ñegl-ect f¡.icton).



APPENDTX F

PARTITTONING OF ERROR TERMS
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