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Editorial Note

’ . )
Tmis document contains abstracts of many, But not all, of the

stuclies which have thus far been published or which «re available in.

the “iles of the Calculator Information Center. It is anticipated

the: dditional abs:rac:s and critical analyses will be made available
in the fuzure.




Introduction to

Investigations with Calculators

Abstracts and Critical Analyses of Research

o

The-abstracts and critical analyses of research1 in this document
were prepared and compiled to add to the fund of information on the
effects of hand-held calculators on achievement and learning. Since
many persons find it difficult ‘to secure original copies of all research
studies, the expanded abstraqts'shoulé'provide specific information
frequently not included in the brief abstracts found in,‘for instance,

Dissertation Abstracts International or im tlie bullétins available from

“the Calculator Information Center. The critical commentary prepared by
each abstractor pinpoints.particular strengths and meaknesses noted for
each study. . ‘
Frequently, the flaws in the research —- or at least in the report
of the research -- consume the greater amount of attention.v It is com~-
paratively easy to find such flaws. Unfortunately, improving research
- desigus and procedures is’'a proceSs learned partly through experience,
and relatively few of the 1nvest1gat10ns cited in this compilation were
conducted by experlenced researchers. Educational research is also
hampered by limitations not easily amenable to control nor inexpensive.

. But many of the flaws could be amelioriated_if not eradicated_—- ‘
and it is with the hope that other researchers will profit from analyses
- of these problems that this document is proferred. Obviously, the
. strengths that are cited can also be of immense help as studies are p1anned.

- While the limitations of the researph are cited, it should also be
noted_that the research on caloulators differs from most other bodies of
research on particular areas within matnematics education in tﬁat the
trend of the findings is toward a positive‘direction Almost all o£ .the
studies comparing achievement. of groups using or not using calculacors
e*ther favor the calculator group or (in about equal number) refl-ft no
siynificant differences. ‘This contrasts with the "typical" case qirhin
mathematics education, in whieh a bell-shaped, "normal" curve reflecting'

a ptcponderance of tjndings of no oignifrcant differences, pr=vails

E
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(Such cases contdin stndies with flaws similer to.those cited ia this

document.) Thus, thencommOn—sense belief of many mathematics educators

that calculators will not adversely affect achievement has some support.
Of even greater concern than the flaws of design or procedure or

ver, is the focus of the majority of the studies on .

intetpretatio:f,
broad, general questi

inexplicit use cf calculators. Surely, the effect on w.chievement in

s of acnievement relative to unspecified or

..eneral has been of some concern (especiékly to parents), but there are
other, even more importanc questions to explore., How mathematical leaining’
could change with calculator use would have an bbvious‘impact on mathe-
matics learning, instruction, and curriculum: yet such possible chenges
have been at the core of<reiatively few studies. The confefence sponsored
by'the National Institute of Educatjon in January 1979 will attempt to
provide gnidance to future research efforts, expanding on the report of

the conference of June 1976

—

‘ Thanks are extended to each of the abstractors who contributed to

" this publication. Their hours spent in reading dissertations and other
reports, in abstracting, and'in developing critiques will have been re-
warded if they serve to<help others in planning more effectiVe investiga-

tions using calculators.

¢

Marilyn N. Suydam
Director
Calculator Information Center

B

1 The format for the abstracts was originally developed by J. F. Weaver
for the journal, Investigations jin Mathematics Education. . .

2 .Report of the Conference o Needed Reéearch and Development on Hand-
held Calculators in School Mathematics. Washingron: -National Institute
of Education and National Science Foundation, 1977. ERIC: ED 139 665.
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Allen, Maxine Bogues. EFFECTIVENESS OF USING HAND-HELD CALCULATORS
" FOR LEARNING DECIMAL QUANTITIES AND THE METRIC SYSTEM. (Virginia
Polytechnic Institute and State University, 1976.) Dissertation
Abstracts International 37A: 850-851; August 1976. [Order No.
76-17090] : )

o

v

Expanded abstract and analysis prepared especially for the Calculator
Iniormation Center by JAMES J. HIRSTEIN, University of Illiunois.

1. Phrgoée

) The purpose of the study was to aetermine whether acquisition-.and

retention of decimal algorithms and metric units are improved by using

a hand-held. calculator. .
2. Rationale

With,increased attention to the metric.system, the understanding of
decimal notation and computation is bhecoming more critical. Decimal
mauirulations are easily rade on hand-held calculators. The literatute
reviewad ,uggests that the use of calculators should enhance the learning
of decimal concepts and skills. The extent to #hich calcul-.’ (v % ;rovide

~an improved mode of instructioh needs to be established.

3. Research Design and Procedures

The study was conducted using three sixth—gx?ue ‘classcs in eacheof two
schools. In each school two of the classes were eXperlmental and a cal—
culator was provided for each student, while one control class did not use
caiculators. Instruction was given for 25 school;days. All classes
covered the same content: decimals and the metric system. Following the
experimertal prograh;tall_students were given the same unit on fractions
.80 that retention scores would not be affected. |

An SRA achievement test was given to all students as a pretest. Two
multiple-choice criterion-referenced tests,?on‘deéimals and the metric
system, were administered tﬁree times- before instruction as a pretest,
immedlately following instruction as a posttest, one month after instruction
as a retention test. Use of calculators was not permitted on the criterion
tests. The three pretest scores were used as covariates in a multivariate

analysis of covariance design using the"two posttest scores as criterion

A}
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variables. Pretest and posttest scores were tsed as covariates in a
. multivariate analysis of covariance using the -two retention'test scores as
criterion variables’. . - p
~ Contamination of the control group was determined by a questionnaire
l . requesting that students report home use of calculators. The analyses
. were repeated after deleting the control subjects who reported home use

of calculators.

'4. Findings
Four null hypotheSes were tested: that there is no difference in
adJusted scores of experimental and control gTOups on two tests (decimal
- and metric) given at two times (posttest and retention-test).
No‘significant difference was found between the groups vn either
‘posttest. The retention test showed no difference between -groups on the
decimal test and a significant differcnce on the metric test in favor of .
the control group , _ _ ‘ T
When ten control subjects admitting'home'use of calculators were deleted,
no differences on posttests were found. However, this second analysis showed
a significant difference in favor of the‘controljgroup on both retention

.tests.

5. 'Interpretations

The differences orn retention scores were attributed to an increase in
the adjusted mean scores of cogtrol subjects from posttest to retention test.
The adjusted mean scores of experimental subjects declined over this period.
_This study d1d not find that the calculator improved the learning of decimal
and metric content as measured by paper- and -pencil tests. Furthermore,

' retention was lower for students us1ng calculators. o

>

Critical Commentary

o

Teacher effects were controlled by weekly meetings to discussrprOgress
and procedures, but no report of teacher attitude toward the assigned instruc-
tional treatment is given. Furthermore, no effort to monitor classroom
adherence to instructional procedures- is reported %ecause-each teacher
taught a single class, the results may have ‘been influenced by teacher

variables that were not controlled in_the experiment.

[ T
N
-
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The instruments used are a serious limitation in this study " The
reliabilxties are rather 1ow for multiple-choice tests of 20 items:

20 ranged from .47 to .78. The raw score means for decimal and metric

”pretests for both grOups run5°d from 33 to 41 percent. The raw score

means for posttests and retention, tests ranged from 46 to 59 percent,
1ndicating that neither treatment was particularly effective at improving
performance on these instrumenrs. .

The author notes that paper-and-pencil instruments'may_have favored

- the paper-and-pencil treatment and suggests a replication with.caleulators_

permitted on the criterion tests. Certainly, if calculators are not per-
mitted .the . grou—"'are equalized for testing purposes.. However, one advan-
tage of calculator use is that stucents are abla ‘to deal with problems
that cannot be handled without -a calculator.4 It should have been easily

within reach of this study to’ address that question, and the ahsence of -

-—

this slight extension is unfortunate. I . -
. e — .
he - 1
- ot
L. !
"
- - ) A



|-

| .

g . \\f\\\ . RN

Anderson, Lyﬂe Eugene. THE EFFECTS OF USING RESTRICTED .AND UNRESTRICTED RN
MODES OF PRESENTATIION WITH ELECTRONIC CAV.CULATORS ON THE ‘ACHIEVEMENT
AND,ATTFTUDE OF SEVENTH GRADE PUPILS.. (University of Denver, 1976. )'
Dissertation Abstracts International 37A: 6321 6322; April l977
[Order\lo. 17— 7399] -

N

Expanded abstract\and analysls prepared especially for the Calculatcr
Information Center by GEORGE W. BRIGHT, Northern Illinois University.

the unrest?icted use, restr1cted use, and no use of calculators on attitude,

LA

groups tol perform single—steo’and multiple-step computation with whole num-

’

" bers and/decimals with speed and accuracy. .

Rat/ionale

Reliable data did not eVist relat1ve to whether students who have access
to caldulators WIll develop dependency on the use of the calculator. The

need té conduct researchron the effects of use of calculators was cited

u

from séveral sources. ' L
_ The literature review of stud1es 1nvolv1ng the use of calculatlng
devices was sketchy. Only 12 studies were c1ted, and only four of these were_;
c dissertations. {Frequently . omitted from the summaries of the studies were
. the number of classes or students, whether ‘the reported unit of analysis
'"gwas;the,individual student or the class mean,_whether the reported unit of
analysis was correct, the prohability.leveliof statistical results, and~
whether the calculating-deviceS"were mechanical, electric, or electronic.]
_ ' The literature review of attitudes was restricted to a discussion of
"a . few of thé more well-known att1tude measurlng instruments", which
translated almost exclus1vely irto exam1nation of - some studies using the
Dutton Attitude Scale. [Agaln, the summaries were qu1te sketchy )

3. Research Design and Procedure _ . 1

The study was conducted in 12 seventh;grade classeés (three_in'each of .
: . . d . ¢ "
. ’ . \

.

|

1.
A
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the'four junior high schools in Sioux Falls, South Dakota) du-ing 1975-76.

Two schools served lower socio-economic areas, and two served middle to

upper socio-economic areas. In each-school the three classes were taught

“e

by a single teacher.x“Teﬁchers were selectedvby recommendation'of their
principals, willingness to participate, and at least two years' experience.
Assignment of students to classes within a school was randoa “because the
Sioux FallstchooL System utilized heterogeneous grouping." The tutal
number of students involved in the study was 367.

Pretests-were che Cooperatiwe Arithmetic Test (COOP) (Form A), the
Stanford Arithmetic Tests (STAV) I, II, and III (Form W, Advanced), the
Iowa Tests of Basic Skills (ITBS), the Lorge—Thorndike IQ Test (IQ), and
Dutton's Attitude Ioward Arithmetic Scale (ATAS). -Socio-economic status

was determined by whether students‘receiwed free lunch (poverty level), paid - -

a reduced lunch cost (low income), or paid full lunch cost (all other).
Within each school the three classes seemed nct, to differ on these variables,
although there were differences across schools. Posttests werée the COOP
(Form_ B), STAV (Form X), ATAS, and Computation Ski‘l Tests (CST) IA; IB,-
and II (Form A). . o N 3

In each school, one clas\\(El) was restricted. to using the calculator

to verify paper~and pencil calculations .and aiding in the . development of -

specific problem~solving concepts, ‘one class (E2) was ‘allowed unrestricted

School policy was that no homework be assigned to students. Students in
El and E2 classes were told that calculators would not be allowed during
tests. These classes, howeyer, were allowed to use calculators for CST IA,

IB, and II. For each'teacher’the selection$of the three participating

* classes was random from amohg all o?\that teacher's classes, and the assign- ~
_ : :

ment of treatments toé classes was random. In El and EZ classes, one
Rockwell '76 calculator (four operations, storage key, recall key, and
" percent key) was assigned to each two students. Pretesting was done
during the eleventh week, the treatment lasted eighteen weeks, and post- .
testing was done during the next week. Classroom instruction was conducted
by the classroom teachers. (

Twenty-four predictor variables (pretests, sex, school, socio-economic
lewel, age on September 1, and treatment group) . and eight critérion variables'

were used. Each criterion’ variable was analyzed an ANCOVA, with the |
. R : . . . - s .

_use of the calculator, and one class (C) was allowed no use of the calculatora

>
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covariates being signifiCantly correlated -attribute predictor variables )
and, the criterion variable's, correspohding prztest.” The Newmzn-Keuls
method of multiple comparisons was applied whenever a signifiuant F valuc

was observed for an ANCOVAQ

4. Findings. -

Eight null hypotheses were tested. In each case the reported degrees
of freedom for the F-statistic wag based on the_total number‘(325) of
students with complete data. A “

a. There was significant.effect on” attitude (ATAS);hwith E2 > «

(p < .01), E1L > C (p < .0L), and E2 > "1 (p < .05).

b. There was no effect ca overall achievement (COOP).

c. There.was no effect on mastery of concepts (STAV-I).

d. There was no effect on computation skill (STAV-II) when calculators

were not allowed. o : I
e. There was a significant effect on problem solv1ng (STAV—III) when
| ca’ culators were not” ‘allowed, ~with only E2"> C (p € .05). R
f. There was a significant effect on a timed test of single step
_computatlon (CT=- IA) wheu El and E2 classes were allowed use of a.
g calculator -(one per ‘student) but C classes were not, with E1 > C
(p < .01) add E2°> C (p < .01). o I
S _ .:,;? g. There Mas a slgniflcant effect on a timed test of mult1ple step\
computatlon (CST-1B) when El and E2 classes were allowed usé of a
» calculator (one per student),,but c classes were not, with El>~C
(p< .0 and E2 >C (p < .01). v
h. There was a- s1gn1f1cantveffect on’an untimed computation'test
(CST-11) when El and E2 classes were "allowed use of a calculator S
(one per student) but C classes were not and 'when the student score |
was number of corrcct problems per minute of-elapsed time (recorded ./
for each student), wich EI° > ¢ (p €.01) and E2 2 C (p < 0l). “/”,
iy P S

IR

5. Interpreratlons ' o . - N ﬁ~\/

Calculators can be placed in. se\enth—grade mathematlcs classes without}

’ f
special curr1culum changes or special tra1n1ng of teaehprs No advarse N
N

- effect is caused on overall achievement, mastery of concepts., or computation

; skill. Positive effects occur for problem solving and attitude. UseLof
i ) L 3 | ’ N ’ |

¢ .

S e




~calculacors:

': This has serious 1mp11cations for the analyses.n
correlatiunal analysis preceding each ANCOVA would probably not be useful

- that reanalysis could bé performed.

. : - -9-

ralculators allows students to solve computation problems at a faster

rate.

. Critical Commentary |
The strength of this study is its realistic approach to the use of

. s ’
The three treatments reflect three positions frequently

espoused by teachers.
The major weakness of the study is its assumption that students Were

useigned randomly to treatments. The experimenter apparently had no

control over the assignment of students to classes, and one can imagine

"lots of circumstances (e.g., band or athletics) that might prevent true

random assignment. Even with random assignment of studionts to classes

ten weeks before the experiment began, however, each class: had time to

develop its own special character and system of interpersonal interaction..
ed to treatments, so the unit of analysis

therefore, was 12, dot 325.

Intact -iasses were: assi

should have been the class mean. The true N,
In particular, the

It is unfortunate that the disse*tation ‘does not contain the classfmeans

on the posttest scores (class means of pretest socres are reported) so

* First,. the o c1asses probably
‘This cquld at ,
Second the4

Three minor Weaknesses should be noted
knew that the El and E2 classes were using calculators.
least partially explain the significant effect on ‘attitudes..
instructional treatments were ‘poorly defined. Each teacher was supposed

to teach each of the classes the same, except of course for the use of

calculators, but there were apparently no checks of whether the instruction

was actually the same across classes within each school. Third, ‘the .

inrerpretations .and recommendations for future (less than two pages among o
98 pages of -text and ‘tables) are very superficial.
data but he doesn't significantly further the cause

context within which- to understand the effects of calculator use in.school

mathematics; < e v o

The author ‘presents his .

of providing an adequate .
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Ayers, Sharon Whitton. THF EFFECTS OF SITUATIONAL PROBLEM-SOLVING )
AND ELECTRONIC.CALCULATING INSTRUMENTS IN A COLLEGE LEVEL INTRO-
DUCTGRY STATISTICS COURSE. “(Georgia. State University, 1976.)
Dissertation Abstracts International 37A: 6322-6323; April 1977.
[Order No. 77-9305] ) :

.Expanded abstract and analysis prepared especially for the Calculator

Information Center by MARILYN ZWENG, University of Iowa. - ¢
1. Purpose . . L

The subjects in this study were non-science and non—mathematics
majors enrolled in a college-level introductory statistics course. The
two major purposes were to'determine the effect on student achievement
and attitude of (a) the use of electron1c calculators and (b) instruc— ‘
tion in situationa. problem—solv1ng heuristics.‘ The author defines
"situational problems' as Problems whxchﬂinvolve realistic:applications

- of mathematics. Typically, situational proglems are not well- defined,""

]The student must decide what specif1c questions are to be answered,
what ‘data must be 1 lected, and what procedures must be used for analy:
+ sis_of the data. lwo of the p;oblems from the experimental course wh1ch

‘ , typify the author's 1nterpretat10n of “siutational problems are, "Do
you have extra-sensory perception7" and "What is the best way to take af

test7"

29  Rationale .
. . Several major reports and in parhicular, the NACOME report, have .
recommended more extensive use of calculators and more exposure to ’
real" problems in mathematics.instruction. Elecbronic calculators have"
been used extensively in the teaching of statistics for many years, but,
‘according to the author,ithere has sbeen no evaluation of" the effect of
calculator usage on att1tude and achievement On the other hand, instruc—

tion in situatlonal problem solvung 1s not ‘a common practice, The

'research rev1ew found only one cltatifn in the literature that described

:,A

.o S program'ln which students wenezexpo ed to ‘real-life situations in a
?j=l: - .statistics course. . In this 1nstaﬁce, the achievement and . attitude of
i;' T the students had not been evaluated aLd furthermore, the applicatlons _
55 " were too' 'well-defined” to meet the criteria of be1ng situational problems.

| T
&)
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3. Research Des_ggrand Procedures

Dour classes of 2% students took part jn the study th1,1ghout the
1975 wi nter Quarter. A’1l students wrre non—science and non-mathematics
majcrs at Georgia State Un1versity Two time periods, both mid—day,
were Lu“OlVEd The 50 students within &-time period were randomly
assigned to the two. classes m=etlng at that time. There were two teachers
and four treatments which were comb1n1ticns of instructional mode and
computational method. The four treatments formed a two—by-twc factorial

design. TI assignment of times, teachers, and treatments is shown in

the table: ‘ o - o
Group _ Time ©  Teacher Treziment .
1 11:40-12:30 A Situational Problem Solving (S)
- uaily - ° + Electranic Calculators (E)
"2 11:40-12:30 B-  No Situational Problem Solving (NS
daily . No Electronic Calculators (NE) -
g 3 12:40-2:00 B Situational Problem Solving (ﬁ@
‘ . MWF - ..« No Electronic Calculators %
4 12:40—2:00 ‘ A No Situational Problem\Sqlvzag (NS) "
; - MWF B Electronic Calculators”(E)

A 75 item- investigator-designed achievement test with a reliability |
coefficient of 75 was adminlstered at the end of the quarter. ' No pre- '
tests were glven. 'This was a posttest—only design. Students -in the S
calculator treatment were allowed to use calculators during the examina—
tion;'students;in the non- calculator group were not provided calculators
.during the exam. Students attitudes towards mathematics were measured by
the McCallon—Brown semantic differential scale. An invéstigator~developed
View of Statistics Inventory was also administered to the subjects.n The
VSI is an adaptation of Rettig's View of Mathematics Inventoryﬂ L
‘ A two-way'ANOVA was used t: demermine'the effects of instructional

mc ie and- computational method o= achievement. The effects of treatment a

on attitude‘towards mathematics and view of statistics were analyzed by
H ; s/

several applications of the Marn-Whitney U test. 1In order to identify

_associations among the three-measures (achievement, attitude, and VSI),

-a Kendall Tau rank correlatimr soefficie~t was computed for each pair of

y

-measures.s |-

\.
.k
__*d
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| o ‘

; A. Between calculator and non-calculator groups
l

(1) Achievement: The calzulator group scored significantly

qi¢ner on the achievement test than the non-calculator group.:

(c .tude tcwards mathematics: No difference

i 7 of Statistics: No difference ;

B. Betw :ituaticnal problem-solving and non—siduational problem- .
sol. .. 2roups ' j

(1) rAchievement: ﬁo difference

(2) Attitude towards mathematics: No difference overall; however,

| for the subset of students who did not'use calculators, the

situational problem—solv1ng group had a more positive attitude.

in classes where the calculators were used there was no

difterence between the attitudes of the two groups.

| ° .
f' ~ (3) View of Statistics: The situational problem-solv1ng ‘group

‘demonstrated much h1gher esteem for statistics than .the
- control group. v g
There was a positive correlation

‘ between all pcirs of measures5 achievement anﬁ "ttitude,=achievement
.,_:-

" o .j - C. Relationships between measures:
, .
| and attitude and View of. Statistics.
i

and View ot Scatistics,

3 - : T -
.‘ N : w ) - .

o : .
© b. . Interpretations

i+ -. The researcher concludes that "these: results provide support for the

31tuational problem-solving'" ‘and. ""the results-. .

y‘- ’
pnsructional mode termed
strongly support the use of electronic calculating instruments in a Pcllege—

level elementary’ statistics course. The first conclnsion is baged on

ithe positive effecL of. situational problem—solving on.attitude towards
'mathematics and View of Statistics and the fact that s1tuational problem
soiving did not 1nterfere with-the acquisition of . standard course-content.
The investigator hotes that the superior achievement of the calculator group
‘might be questioned because th1s group had access to calculators during the
,J Statistics Conte t Achievement test and the non-calculator group- did not.
; ‘She speculates, hwever, tHat the difference between groups would still have
! existed if the testing situation had been the same for both groups, since-
i .

computational errors accounted for only a'small'portion of the- achievement

1 I N N .
score. . T i : - . U
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-

Dr. Ayers alsd suggests that the results of her'study nave implica-
tions for the use of calculators and situational problem solving in the

secondary school. o - : .

Critical Commentary

This was a superbly designed ind exetuted study. Studen% and teacher
vrriables were well controlled by random assignment to treatmentg and by
the comparable time periods in which the classes met. The number of
subjects, lOO wal adequate und the utilization of a two-by-two factorial
design in essence doubled the sample size since there were 50 student°
under each of the four treatments,ZS, NS, E; and NE. The statistics to
analyze attitudinal'measures is cammendable. All too often parametric
" methods are inappropriately used on ordinal measures.

It appears to this:writer that despite the question raised about ‘the
non-equivalent testing conditions, the- results are conclusive. Teachers

of elementary statistics should take careful note of this study The

usefulness of the study is further enhanced by the very complete appendices..

All instruments used in the’ study are provided in their entirety - They

not only have good test-retest reliability but also appear to have excellent
content valldity. Additionally, an. outline of the course and the .complete
 set of 51tuational problems assigned during the quarter are provided

Teachers ‘who are consmdering developing a’ similar course will find the

appendices very helpful.

R

e

¢

s
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Bolesky, Edward Michael. THE INFLJENCE OF ELECTRONIC HAND-HELD )
CALCULATORS. ON COGNITIVE ACHIEVEMENT IN CHEMISTRY. (Bostou College,
1777.) Dissertatior. Abstracts Tnternational J8A: 1319-~1320:: )
September 1977. [Order No. 77-11,622]

Expanded gbstract and analysis-prepared especially for the Calculator
Information Ceater by DENNIS ROBERTS, The Pennsylvaniz State University.

1. Purpose
The intent -cf this investigation was tc examine the effect of the

use of hand-held electronic calculators on chemistry z2chievement of

secondary school students enrolled in a CHEM Study chemistry course.

2. Rationale
The cationale offered for conducting this study 1nvolves tive factors
‘ Fitst, available opinions are mixed concerning the utility and des1re for

&

.allow1hg students to use calCulators for classroom learning act1vities .
(espec1ally pre- college) Second, the1ava11able reséarch literature 1nd1-
cates no negative_.effects doe to classroom use of calculators and, in many ~
1nstances,there are demonstrable pos1t1ve effects. Third the hajority of
the calcuiator research has been done at the elementary school level in

lbasic mathematics 1nstruct10nal settlngs Fourth high- school chemlstry ;.
(CHEM Study. in partlcular) demands ‘and incorporates many mathematlcal .
computational and conceptual SklllS of .the chemistry students. Hence,

“and fifth, it would be worthwhile to see ;f calcu}ator‘use might have

Significaht‘impacts on student achievement in a CHEM Study setting.,

3. Research Design and Procedures

I

- The participants in the study.were 80 .students edrolled in four sections l¢
of a CHEM Study course in a rural school in Massachusetts. Students were -
randomly assigned to one of thehfour sections. Two sectiohs were designated
as experimental classes. and students in both were given a small hand- ﬁeld
calculator (Texas Instruments SR—ll), which was u°ed in class throughout
the semester for reviewing homework assignments, for ass1sting on compu-
tations, for performing necessary calculations during laboratory exercises”-
and for performing necessary calculations“on infclass‘tests and quizaes.‘

" The other twd sections were designateéd as-controls and did not” have class-

~

‘ . . .
& . . . . . . .

&
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room access to. calculators during the semester.

A’l students were posttested with Form E of the Anderson—Fisk
Reliabilities were reported as

Chemistry Test (55 items covering knowledge, comprehension, and applica-
study).

tion levels .of Bloom's Taxonomy) and a teacher-constructed test (50 items)

90 for the Anderson-Fisk Chemistry Test
(from the manual): and 84 for the teacher-made test (from the current
the other

During posttesting, one of the experimental classes and one of

zhe coutrol classes were allowed to use calculators on the tests, whereas
by paper—and-pencil methods.

experimental class and tue other control class worked problems

the criterion tests and half didn't,

Hence, the design was such that. half of
the students used calculators during‘instruction and half of the students
didn't and, subsequently, half of each of those groups used calculators on

Hypotheses concerning achievement:
were all stated in the null form,

due(tq talculator use (or non-use) during instruction, calculator use (or
non-use) during postrestlng, or the interaction betwween the two factors

Findings

A

No d1rectional hypotheses were put for-
ward based on the rationale developed and- literature cited
4,

Two two—way analys

35 of variance were performed,
Fisk, test data and one for the teacher- constructed test data.

one for the.Anderson-

For each

analysis, the 1ndependent variables were mode of instruction (use or non-
Alpha was set at

use of calculators) and mode of testing (use Or non-use’ of calculators).
.05 for each significance test.

No significant main
effects nor 1nteraction effccts were found for either the‘Anderson—Fisk
application levels, plus ‘total score) or the teacher—constructed test.
3. .

N

Interpretations

~

Chemistry Test data (analyzed by separate knowledge, comprehension, and

By L

Three possible reasons weére offered for the failure to find differences
between experimental and control groups.

First, while students were shown
how to operate the calculators, they were not given instruction on ways
" Setand,

to Iintegrate calculator use with the chemistry problem-solving process.

And third,
\‘1

ERIC ;E:e -

-
s

the added time it took the control-students to work the chemistry
problems might have offset possible: benefits from calcilator use in the
experimentalfclasses.

\ c

. .
outside use of calculators by students

i
: A
A}
[N

\

v
‘)":r. ‘

-
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in the pontrol gfoups might have reduced the observable effect of

_calculator benefits as evidenced in the expefimental grouns.

“

1 . \ ! N

o : Critical Commentary

it

The major ﬁfoblems with the present study are ones the duthor himself
commentéd uport —— thosz2 beiné possible contamination of the treatment
(qalculatof use) with the control group, and¢ the lack of specific imstruc-
tion whereby calculator use is intégrated into the chemistry problem
‘process. While control of the first prOSlem is'difficulf, the faiiure
actively to incorporate calculators into the instructional Sé:ategy,of:
thg'experimentai group is a serious design flaw. Any study that 1is
interested in examining calculator benefits on higher-level cognitive

. . mathematical (or related) skills must carefully plan the instrubtional'
sequence in the experimental groups -in such.a way as to utilize the |

capabilities of a calculator to facilitate ptoblem solving. SRS e

<
[ . .
- - . . . v . \

F

»
~

Aruitoxt provided by Eic:
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Boling, Mary Ann Neaves. SOME COGNITIVE AND AFFECTIVE ASPECTS OF THE
. USE OF HAND- HELD CALCULATORS IN HIGH SCHOOL CONSUMER- MATHEMATICS
CLASSES. (The Lcuisiana State University and Agricultural and
Mechanical College, 1977.) .Dissertation Abstracts International
38A:" 2623-2624; November 1977. [Order No. 77-25,370]

Expanded abstract and analysis prepared especially for the Calculator
Information Center by CLYDE A. WILES, Indiana University Northwest.

1. Purpose

The purpose of this study was to assess scme cognitive and affective
effects of using a hand-held electronic calculator for all-computations in'
twelfth-grade consumer mathematics classes. The experimental.variable"/////

was simply the use or non-use of. the calculator in solving all prob ems.

Thus, the study attempted to answer two. questions:

o ~ a. Does the pse of theuhand -held calculator in high 'school consumer
 mathematics classes result in sigmificant'gainsrin student '
‘achievement in mathematicalvverbal problem solving? ‘
b. Does the use of the hand-held calculator in high school consumer
'-mathematics classes result_in improvement of student attitudes
toward mathematics? K I

5N . . - .
- . ! . . "

2. Rationale

The easy availabllity of mini- calculators and widespread professional
‘speculation about the probable impact of their use provide the primary
. motive for th*s study Of particular importance is the expectation tuat
.fv if calculators are used to remove the tedium and complexity. of calculation
from the study of problem solv1ng,'then problem solving can be more

. . efficiently and enJoyably stud1ed ;
Studies reported since 1956 were reviewed with particular reference to

a. the relationship between computational skill and:problem solving

in mathematics, and ' o : N

b. the cognitive and affectime effects of using calculators in the )

classroom,

The author concluded'thatlRiedesel's position- (Arichmétic Teacher, Jaouary
1969,.p. 54) is not now supported'by the‘bolk of research. Riedesel wrote

"that while the improvement of computation is importantuto problem solving

A}
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3. Research Design and Procedures
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ability, the improvement of computation alone has little, if any,
measurable effect upon reason1ng and problem solving ' The following
rationale was advanced for ‘the study: | '

If the improvement of computation does significantly affect

problem sUlving atility, then the use of calculators t.o per “orm

the necessary comp itations should promote more eff1c1ent solving

of verbal mathemat1cal problems. (p. 9)

The r2v1ew of studies of the ‘cognitive and affective effect$ attribu-
table to.the use of- calculators led to the conclusionvthat most studies
were inconclusive and that further research was needed. [t may be noted.
that of the four studies revrPWed that showed significant effects, two
1nvolved secondary school ‘students, and both involved 1nstruct10nal
materials speclflcally designed for use with calculators. '

K
i

.

During the l975 76 schoo] year, students from seven twelfth—grade'
consumer mathemat1cs classes 1n Jackson, Miss1ssipp1 were randomly
ass1gned as intact classes to one of “twa 1nstructional arrangements. ‘
Five of the Seven cl asses were federally funded Emergency School Aid Act

classes for underachievers. The ass1gnment controlled for type of class

!and instructor. There were Sl ‘students" in the experimental group and 43

in the control group ~The average mathemat1cs grade and oyerall high,_
echool academ1c average for the. resulting two groups was p. TQ scores .
from elementary school records ranged from ‘60 to 130 w1th means of about 95.

: Instruction for all classes began with a rational numbers computation
un1t without reﬁerence to calculators. This was followed by a 19-weék

exper1mental period. During the 19 weeks the experimental classes were

" . provided with four- function, battery operated hand-held calculators.

Following one and one-half class periods for orientation, 1nstruction
in calculator use was prov1ded 1nd1v1dually as needed The calculators

were to be. used in solv1ng all problems in-units related -to banking.

" credit,. taxes, paychecks, consumer.shopplng,and budget1ng The control

classes worked through ‘the same matérials but were required to use usual
paper- ani pencil computational procedures.

The dependent variables ‘were scores on a 15~ item verbal problem—

Z?é;:‘ . - | ;
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. ¢ .
- solving subtestlof the 1970 California Achievement Test for secondary
vstudenEs witk modified testing procedures,.soores on a'20—item mathematics
;.attitude scale, and responses to a three-item verbal opinion poll of the
‘experimental group.
‘ 'The time;of administration of the achievement test‘was determined
:by the regular testing program of the school system. These-times were six~
weeks prior to the beginning of the experimental periods, and again at
the end of the 19 weeks. The attitude (Agree,'Undecided Disagree) was
administered at the beginning and end of the 19 weeks, and ‘the opinion poil'
was given near the end of the school year several weeks after the calculators
Ean had.been taken from the classes.
étandardized testing procedures for the achievement°test;were
modified‘in several ways. First, each subject was required to complete
two answer sheets, one.for the testing program and. one for the study-
Following the 12-minute time limit specified by the standardized test,
students were allowed to continue working on' the second answer sheet
for as long as they wished. And finally, the author reports that the‘
- experimental group was allowed the use of theicalcuiator during the‘post—
test while the control group was not. While one might suppose that both
groups were denied the ‘use of the calculator during the first 12 minutes

-of the test, the matter is unclear.

L]

4. Findings

.Both groups showed improvement . in their.posttest achievement.means of

a little over two items on a 15-item test. Extensive analysis;, however, '

failed to discover any differences between the groups in either total

score or -gain score. No'improuements in genéral ﬁathematics attitude

were observed for e1ther group, and no differences were found between . the
' groups. The oplnlon poll, however, that focused upon the student's feelings
. about the use of the calculators, showed a vast preponderance of'positive
Qﬁﬁ*.gnwhstudent responses. With very few exceptionms, students,said they felt more
' confident in their work and enjoyed class a-great deal more when‘calcuiatots

“were used.

cEE
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5.. . Interpretations D : .

Computation as affected by the use of calculuators did not appear to
be a major factor in the verbal problem-solving ability of the students
in this study. And while the students expressed positive feelings toward

the use of calculators, their attitudes toward mathematics in general were

not impered

¢

It was recommended that a- popularlon more normally distributed with
respect to mathematics ability be employed in further research of the
basic relatlonship ‘batween computatlonal skill and verbal prbblem solving,uw
and that tests specifically desigred for consumer mathematics courses be.
used. It was also recommended that proper calculator operation be taught
in consumer r thematics classes and that curriculum mat=rials developed

for use witi. alculators be employed.

Critical Commentary. .

This“seemed_to-be basitally actipn research based on the existence
of ‘a new tool and available studeats in a special program with special
instructional needs. The attempt to fit the study into the theoretical
constructs of yroblem solving’is to be.commended, although it seems to be N

forced and perhaps constructed after the fact. Had .the study reported

’ s%gnificant differences, it“would be necessary to comment upon a number of

desipn weaknesses. As it is, the author's summary and conclusions are
quite appropriate. v
‘ ‘ B

In terms of the basié¢ relationship between computational skill and
problem solving, the data support the position of Riedesel that improving

calculation ability alone has little measurable effect on problem-solving

-scores. - But, here too, some reservations must hte made. While we have:

ample reason to believe this‘group of students was very poor, at computation,
no data were reported to assess just how poor they may have been. This is
unfortunate as some data were surely available from the standardized testing
program of the school. Furthermore, we have no data to establlsh that the
calculators .affected the stuaents ability to- compute at all The author

in fact recommends that proper calculator operatlon be taught. And'finally,
we ‘do not know to what degree any of the students possessed tne_ability

to compute-answers to the problems of the achievement testﬂuith or'without_f

.

czlculators.

-
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The study noes proVide some information,knowever. First, it is
clear that these students welcomed the calculators and valued them long
‘after the simnle novelty of the machines had worn off. The investigator,
as a professional teacher, is apparently quite convinced of the motiva-
tional value and classroom usefulness of the calculators for these stu-

eAdents, and this was, of course, the purpose of the study from an action
research point of view. > _
Finally, while actlon research is often a bit, ”loose in terms of
rationale and hence theoretical implications, the practical implications
were nearly lost as well: simply because inadequate and insufficient

_measures of -student performance wer€ made.

-
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Borden, Virginia Lee. TEACHING DECIMAL CONCEPTS TO SIXTH GRADE STUDENTS
USING THE HAND-HELD "CALCULATOR. (University of Northern Colorado,

L 1976 ) Dissertation Abstracts International 37A: 4192; January
. 1977. . [Order No. 76-29,734] o : :

3

Exoanded abstract and analysis prepared especially for the Calculator
Information Center by GEORGE W. BRIGHT, Northern Illinois University.

\

- 1. Purpose

The ‘primary purpose was to 1nvestlgate in sixth-grade mathematics
classes the effects of the use of hand-held calculators on attitude and
on achievement and retention of concepts and skills in declnal fraetions.
The secondary purpose was‘to'combare the effectiveness of teaching of
decimal fractions before common fractions with~the effectivenesslof

teaching common fractions first.

2. Ratlonale

’ There are controversies regardlng both the use of calculators and the.
seque1c1ng of 1nstructlon on common and ‘decimal fractions._ The study was -
designed to investigate  some aspects of these controver51es in order to
obtain needed resedrch data.

A brief theoretical orientation (with-noticeable overgenerallzations
of Piaget's theories) was provided. . The relationshio-of the study:to
'the theory was not clearly delineated. ' ' .

A sketchy review of research llterature on the use of calculators‘
wav given.,"Several studies, cited from secondary sources, were not
referenced directly and apparently were not read. Also,”summaries of
studies did not include complete 1nformatlon ) Numerous citations were
made of articles whlch gave only op1nlons about the use of calculators.

Only two research studies were cited as background for the research
on sequencing of dec1mal:and common fractions. One of these citations
was from a secondary source. Again, numerous citations of‘opinion were
.given.. T ' . ,‘. '“ '

3. - Research Design and Procedures

.

All four sixth-grade classes (N 85) at Windsor Middle School (W1ndsor,
Coloradn) and both sixth-grade classes (N = 41) at University Middle School

Co
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(Greeley, Cdlorado) participated. Noticeable differences in family’back—
grounds between student populations in the two schools were acknowledged.

The Windsdr §chool students were tauéh: a.unit on an introduction

to and the four operations with decimal fractions. ‘The unit was both

" written and-taught‘by'the experimenter. The lessons were teacher—directed
but inVolved worksheets to accompany the teacher."activities.‘ Students
in two ranaomly selected classes (one from the : . morning claSses'and
one from the two afternoon classes) used calculatc ‘s "to check problems,

.to solve probleus, to discover patterns, to aid'in decimal fraction
oriented activities, to solve puzzles, [and] to play games.' The other
two classes did not use calculators. The students "had not completed".
their'study of common'fractions before the unit,on ‘decimal fractions begin.
(Their background in common fractions was not described. At another point
in the dissertation it is stated that "the Windsor students.had not studied
common fractions.', This inconsistency in reported background was not
resolved ) The unit. lasted four Weeks, and all work was done irn class.

The University School students completed a unit (of unrepoxted length)
on decimal fractions from their textbook They had studied common fractions
prior to decimal fractions. ‘: . | - i

. Pre- and posttests on decimal_fractions were written by the_eﬁperimenter.r
Each of“the parallel tests contained 23 items: three translations from ‘
words to symbols, six. comparisons, five addition/subtraction, five multi-
. . plication/division, and four word problems. - Reliabilities were not
'reported, although the tests «re reprnduced in an appendix. The pretest
was also used as a retention test (in Windsor School only) three weeks.
after the posttest. A 20+item survey, adapted from NLSMA, was used im.both
schools as a pretest and posttest and in Windsor School only as a retention
test. (The‘scoring'of'the items was not uniform, because of a varying -
number of choices per item.) The survey is reproduced as arm appendix, The
otder of administration of the two instruments_at each testing period was

..

" not reported
The calculator used was Sharp EL—8016R (four operations, square troot,

and percent- keys) It. has tloating decimal point and algebraic calculation:

system .Each student in the calculator classes had her or his own calcula-
tor.‘ Students in the two Windsor School non-calculator classes were told

3

they would use the calculators after the unit on decimal fractions.
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‘ o }The analysis‘of‘each hypothesis was by a t-test on gain scores.
¥ N o |

The reported unit of analysis in all casés was the individual student. -

I

4. Findings - - |
' Fourteen hypotheses were tustcdl‘ At Windsor School-signiflcunt
gains were noted for pre- post eomparisons of achievement for the calcu-

lator students (p<.05) and the non—calculator students (p < .05). A

.'slgnificant decrease in att1tudt was(noted for the non- -calculator students
(p <..05), but no significant dlfference was noted for the calculator

.students. In comparisons of subgroups (gain scores in all cases), there

|
were no s1gn1f1cant differences on achlevement or attitude between calcu-

lator and non-calculator classes for either pre- post or post- retentlon

comparisons 'between morning and afternoon classes for pre-post comparisons,

or between boys or girls for pre- post comparisons.

All four Windsor School classes as a group were compared to the two

University Sghool classes as a group us1ng pre-post. gain scores .on

achievement and attitude. Ne1therlcompar1son produced s1gnif1cant stat1stlcs.

Pre -post gain scores for achievement and a: titude were reanalyzed

separately for each of the four W1ndsor School classes. Achievement gains

o were significant (p < .05) for each class. Only one class, a non- -calculator

cldss, showed a significant attitude change Q)<.05),.and that change was

' negative. - 4 o

5. rnterpretation
Students learned signiricantly in both calculator and non-calculator’

modes.
There were no d1fferenmal effects between modes.

'Dec1mal fractions can be successfully taught before common fractions.

l Based on observations it was. concluded that. (a) students who used
calculators had more pos1t1ve a?titudes than those that did not, (b) morning

classes -had hlgher ach1evement gains and more positive attitudes than

~aftuernoon classes, (c) boys me . greater-achievement galns than girls,-
(d) -girls had more positive athtudes than boys,. (e) s1xth—graders need very
close superv1s10n in the use of calculators, and (f) students need more

. work w1th estimation in ordcr to use calculators effectively.

f o ’ Do Ki

A ruitoxt provided by exc [N
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Critical Commentary

The study contains serious methodological flaws. First, the unit of
analysis was incorrectly designated as the individual student.v For those
comparisons of a group with itself (4 of the. 14 hypotheses), the individual
student is correctly the unit of analysis. - For comparison of one group
against anther (10 of the 14 hypotheses), the unit of analysis must be
.the class mean (N = 4 or N = 6), since the treatments were assigned to
classes rather than students. (For the ten hypotheses affected by this
consideration, however, no significant differences were reported.)

Second, the comparisons between the two schools are mot legitimate
because, as the experimenter admits, the populations were not comparable
and treatments were not: randomly assigned across schools.

Third, the us. of gain scores and multiple t tests is suspect. A
better experimental des1gn should have been sought. '

There are also ‘some concerns about the conceptualization of the problem.
The two areas of investigation, calculators and sequencing of common and
decimal fractions, are not naturally related.’ ‘There is not sufficient
_rationale provided for the inclusion of both areas in one study. Too, o

/

the reader loses confidence early on when the overgeneralizations of Piaget s

work are presénted..
Finally, the.conclusions are too strong and are tud dependent on

”observations.. The experimenter doesn't seem to

trends in the. data and
want‘to(believe the nonsignificance of the computed statistics.

Because of ‘flaws in design, . the study lacks credibility The severe
limitations that must be placed on the reported f1nd1ngs and interpretations
render it virtually useless in furthering an understanding of the effects

of calculators.

L I
[
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! Eckmier, Janice Logan. - AN INVESTIGATION OF THE USE OF CALCULATORS WITH
LOW ACHIEVING 4TH GRADE STUDENTS IN MATHEMATICS ACHIEVEMENT AND .
ATTITUDE. (University of Southern California, 1978.) Dissertation
Abstracts International 38A: 7109§ June 1978. » -

f Expanded.abstract and analysis prepared especially for the Calculator

" Information Center by .JOE.DAN AUSTIN, Rice University. .

b

:l.- Purpose

""The purpose of this study was to investigate the effects of calcu-

lators on low achieving 4th grade students' achievement in mathematics

computationi An additional purpose was to determine if student attitudes

toward mathematics were changed by the use of calculators in the class-

\
\

‘room.” (p. 14)

2. Ratlonale
The 1nvestigator argues that it is logical to expect that calculators -

would be part1cular1y useful in the teaching of slow learners. The

( N
reason for this is that .slow learners. generally need immediate feedback

and generally have problems with.computation. *'The calculator has the’

potentizl of assisting in both of these areas. -The investigator also
argues that the elementary grades seem particularly suited to using the

' calculator with slow leatners. ‘This is because of both the mathematics

curriculum and the formation of student attitudes toward mathematics during.

these grades. The inves&igator believes that age nine, or 4th grade,
>
‘age where calculators may have the greatest

may prove to be a crucia
(p. 43)

affect on the achieuemeqt and attitude of slow learners."
! | . .

I
- I

‘ o 3. Reseanch Deslgn anﬁ Procedures
Studats in six 1ndact fourth~grade classes at four schools were in-

volved in this year—lo%g study. Classes were selected SO two classes

were chosen from each #f three levels of socio-economic status (SES) —---

" low, middle, and hlgh"— based on ‘average family 1ncome. For each SES

‘1) used calculators at least 50 percent of the

f one class (experiment
weekly class time for checklng problems and doing_other calculator assign-
All six classes

ments. The other clgss (control) did not use calculators.ﬁ

)

N

“
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were tzught by efperienced teachers using the same texthook. Initially
l°0-students were involved in the study. However, during the year—long
study, traxsfers and extended absences during testing reduced this .to
108 students. Further the class sizes were unequal and ". . . using

*a table of random numbers, each classroom had to be reduced to an equal
sample size . l M. (p. 64) All analyses were done 'on data from the
remaining 90 students. A |

Five predest measures were administered. Four measures were
Metropolitan Achievement Tests (Reading Achievement, Mathematics_Computaé

i tion,'Mathematics Concepts, and Mathematics ProblemNSolving) The other

~was a Mathematics‘Attitude measure.~ Except for the Reading Achievement

' Test, the same tests were given as posttests. 'No calculators were used on”
any of the tests._« '

A two—way analysis -of variance was’ used in all analyses.4 The two
factors were SES (three levels) and Group or Treatment (two levels). The
initial comparability of classes was tested using the Reading Achievement
data. The evaluation of treatment effects was done on the gain scores

~-

(posttest minus pretest) for each of the other four variables.

4. Firidihgs T o

_ All statistical tests were made at the alpha level of 05l No initial
differences between classes on SES or Grouping were found for Reading
Achievement scores. The analyses of variance on the gain scores did not .
"indicate significant treatment effects. for the other measures ~— Mathe-~ .
matics Computation, Concepts, Problem Solving, and Attitude.‘ The effect of
SES was‘significant in each analysis of gain scores except‘for Mathematics

Concepté. p(No'additional tests were made on these differences.)_ None of

the interactions was significant.

5. Interpretations

‘ The: investigator drew the following - conclusions (p. 102)

o ?f + a. The use of hand-held calculators in the classroom does not improve
students' ability to computc,.understandAconcepts, or solve problems.

b.‘lmprovement of fourth graders' attitudes toward mathematics is not
positively affected by the‘classroom use of calculators..

c. The use of~calculators does not differentially affect a‘specific

k]

- . ' . . 1){-"
Q . ' . . Lo




-28-

-

level of socio—~economic status in thé areas of academic achieve-
ment ‘or attitude change. . _ . '
The investigator reéommends that additional research sﬁould be done to
"attempt to discover‘what types of caleulator activities are.most appro-

priate for children at vafious.ages." (p. 103) : -

" : : Critical Commentaty

Although tﬁis study lasted the entire school yeér; the investigator
does récognizé many of the limitations of alstudy using intact classes.
The.variety of achievement measures seems quité appropriate in preliminaty
studies on the‘effects of using calculators in the classroom.

This reviewer had a'question'concerning the randomideietion-gf
subjects to achieve equal class sizes. "Why was thls necessary? Another
question concerns the ratlonale for using SES as a cla551f1cation varlable.
Although both the rationale fpr the study aad the literature review (with
desk and hand-held.calculator research consideréd) were véry_complete,
neither included. any discussion of SES. ‘ '

One anal question relateb to the role of the investigator. Speqi—
fically, what if special. trainlng or materials were provided the six .
teachers before and/or during the study? If the teachers received no
special training or materials, the results may suggest that simply using
calCUlators wi;hout altering the material or.teacher training does not

_f T :}fnecessarily produce the anticipated improvement in‘performance and atti-
- %ftude of slow learners. If the teachers.did receive special tralnlng and
materials, the-xnvestigator{c suggestion for further research on specific.

calculator activities would seem part1CUlarly approprlate.r

Q ' e o ‘ :

ERIC
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Fischman, Myrna Teah. NEW YORK CITY HIGH SCHOOL STUDENTS' ATTITUDES
AND CONCEPT LEARNINGS IN BUS;NESS ARITHMETIC WHEN USING ELECTRONlC
CALCULATORS AS CONTRASTED WITH HAND CALCULATION. (New York
University, 1976.) Dissertation Abstracts International 37A:
774-775; August 1976. [Order No. 76-19,025]

~

Expanded abstract and analysis prepared especially for the Calculator
Information Center by DENNIS ROBERTS, The. Pennsylvania State University

1. Purpose
The intent was to determine if the use of electronic calculators
would improve’ the mathematics attitudes and business arithmetic achieve-

- ment of New York City high school students.

2. ﬁationale. T _ » _
.The basic rationale offered was that students, especially lower
ability ones, are frequently frustrated by the amount of failure they
~encounter when working quantitative problems directly involving. paper -and-
'penc1l man1pulations with basic arithmetical operations Such frustra-
tion leads to decreased,motivation {attitudes) ‘to want to work such
problems aud hence, delays or retards the learning of new material
1nvolv1ng the basic operations. Calculators, especially the highly
efficient and- accurate electronic ones, shouldvsubstantially‘reduce such
computational frustration and therefore improve attitudes towards.mathe—
matics which, in turn, would improve business arithmetic achievement.
The Fiterature review included no studies where electronic calculators
were used, and was split fairly evenly between references to stud1es
involving mechanical devices and articles offering opinions about the
use of such aids in the learning of maLhematics. Hypotheses offered
~were: , There 1is a difference in attitudes towards mathematics for those
using calculators versus those who don't, and there is a difference in
business arithmetic skills and knowledge of concepts for those using
calculators;during instruction (when used in the podsttests) versus those
who don't, but no difference in business arithmetic skills and knowledge
’ "~ of concepts for those using calculators during instruction versus those
who'don't when neither group can use calculators on the posttests..

Although the hypotheses were not stated in a directional'form, the
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implication was that.instruction'utilizing calculators would be benefi-
cial to attitudes, but only beneficial to arithmetical-skills when

.students could continue to use the machines on the criterion measures.

3. - keSearch Design and Procedures,

‘ The procedures and results from both a pilot study and a main

" investigation were presented. In the pilot study conducted during the
beginning senester of 1971, four bus}ness arithmetic classes were used:
‘two.for the experimental condition (used calculators during the semester)
and two for the control ccndition {no ciassroom access to calculators).

Students'were_pretested and poSttested with the New.fork Arithmetic

" - Computation Test. During posttesting, students in the experimental

classes compieted.one posttest'using the.calculator (Singer 1115, four
functions plus constant) anc. an alternate form by hand. Control students
»worked only by hand. Attrition from pretest to posttest was nearly 50
percent for"both the experimental;(57~—?30) and coritrol (65-->37) classes.
. The“main study was conducted over the entire 1972 school year. Sopho-
more students were asslgned rar.domly to six classes (about 180 students)
of ‘business arithmetic and then the classes were randomly ass1oned to
experimental and control’ condictions. Attrltion reduced the sample size’
to about 100 students at the end of thé year.  Two teachers plus the
ﬂ researcher conducted the classes -- each taught one experlmental and one
control section. At the beglnnlng of the year, all students were glven
the Aiken Rev1sed Math Att1tude Scale and the New York Ar1thmet1c Compu—
. tation Test. The c1assroom drill material consisted of problems involving-
that basic four ar1thmet1c operatlons, with the experimental classes
being taught how to use calculators and then using them~for ¢rill, 'while
the control students worked the same drill problems by hand. At the end
of the year, students were retested with ‘the same measures plus the
departmental final examination that emphasized business arithmetic concepts;
Houever, students in the experimental"classes (on alternate days), worked
the comoutation“test both by hand (one form) and with the use of the
calculator (second form) Control students only did hand work. _
Analysis of covariance was used with the attitudinal data, analysis of

variance for the computational data, and t-tests for the final examination

concepts test data.

).
o/
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4. Findings ,

~ For attitudes, no differences werenfound‘between the experimental
and control classes, or between the beginning and end of the school'year.
For computations, experimental classes did better than the control classes
only when they were allowed to use calculators on the posttests‘ Also, -
“there was beginning-to-end-of-year improvement'for ‘both groups. ;Qn the
concept—qriented final examinat. on, no differences were found bétween

the experimental and control groups.

5. 1nterpretations

Two possible explanations for the lack of finding attitudinal dif-
ferences were given: fdrst, the same form of -the attitude survey was
'éiven'during pretesting and posttesting, hence the memory effect produced
more consistency of response; ‘second, students felt that giving positive
attitudinal responses might influence their grades and, hence, such
responding could offset effects due to calculator use. No real explanaf;

tion was offered for some of the no-difference findings on the.cognitive

K

measures.

Critical Commentary

Three points of concern nbed\to'be considered when interpreting'the
results from this study. First, attrition from the beginning to the end
of/the study was nearly 50 percent, and. therc were no data presented con-
cerning the type of student who dropped outiin both the experimental and
vcntrol groups. One might speculate that the weakest students left and
the remaining better students would have benefited less from calculator
intervention. Second, use of calculators outside of the classroom is
still ayreal possible contaminating factor even if students in the control
group say they don t have Lalculators 1n the home (which Fischman inquired
about). It would not take that many control ‘students using calculators
outside of class to '"water down' the observable treatment effect. And
third, and perhaps most important, there seemed to be no attempt to inte-
grate carefully calculdtor usage into the business arithmetic instruction.
If calculators are to be naximally beneficial, it is important to show

students efficient ways to use them plus how calculators can add ‘to the

problem-solving process.
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Hawthorne, Frank S. and Sullivan, John J. USING HAND-HELD CALCULATORS
. IN SIXTH-GRADE MATHEMATICS LESSONS. New York State Mathematics’
- Teachers' Journal 25: 29~ 31 January 1975. ’ oo

Expanded abstract and analysis prepared especiallyffor the calculator
Information Center by CLYDE A. WILES, IndlanaUniversity Northwest.

!

1. . Purpose . . )

"Thiswas an open- ended exploratory study that, in the authors words,
"was devoted to trying to d1scover how hand-held calculators could be used
to advantage during sixth grade mathematics lessons."

2. Rationale

No ratiovnale is presented. = -~

3. Research Des1gn and Procedures

The prOJect began in October 1973 and extended throughout the school
year.. orty eight students from the s1xth—grade classes in two New York
communities were matched with other .sixth-grade students presumably from
the same schools on the basis ‘of age, sex, and total mathematics achieve-.
ment score.. The achievement score was based on_the New York Mathematics
Test for Beginning Grade 6 administetred in Octoher 1973. This- test has
scales‘for concepts, computation,’and broblem solving, and was administered
-again in May to provide posttest comparisons. - .\E »

. The original two classes containiiig a total of about 68 students‘:*.
were prov1ded with hand held calculators. with four functions and fleating
dec1mal point * The teachers of these classes were to try to discover
how (and 'if) the calculators could enr1chs'supplement, support, -and moti-
vate the regular program feachers spec1f1cally were not to change the
programs to fit the calculator-and were to make sure that=the use of
calculators did not cause a lost of computational skill. - The school
"principals superv1sed the prroJect and all tests were to be taken w1thout

‘us1ng the calculator Nothing of the experlence of the students not 1n
the project is reported o _ .
’ Although, standarclzed tests were administerod the authors agreed

that SubJeCtlve reports of the teachers, authors, and adm1n1strators would

T~

4 provide the primary measures for evaluation. The standardized tests were .

v
-~

g



-33-

considered to provide a supportive, general Screening'type of evaluation.

n

4, Findings . B .

_ . ' The finiings based upon subjective reports are not simply brganized,
/ _ but include the followtng . '

s S a. Students exper1enced no d1ff1culty in learning to use the cdlcu-

-

1ators. ©

d .
. ¢

b. A high level of student 1nterest was maintained throughout the year.
c; Calculators were useful for check1ng answers. e
.d. Students found® calculators extremely helpful in working with
verbal probléms." »
e. Students were encouraged to explore topics not usually studied 1
extensively in sixth grade; . .
f. Students gaQe increased attention to de¢imal fractions and the .
relationship between common and decimal fractions, o
Though the importance and_value of the standardized test data were
discounted, it was reported that the students using calculators had signi—
‘ o ficantly higher (p 02) scores for both concepts and computation, hile
rfff : ' the performances for problem solving were v1rtLally equal for both groupsa
?5; i It was noted with some surpr1se that the standardized measure of
vproblem solving did not favor the caléulator group, In spite of the evi-
dent enthusiasm of this group for solving and creat1ng complicated Verbal

problems during the course of the project.

5. Interpretations

°  Theauthors tautiously'wrote that the design of the,study‘and_explora—-
tive nature of the proirct prevented strong conclusions concerning the .
effects of cal*ulators They also point to the enthusiasm of the teachers
and the novelty of the calculators as confound1ng variables.
It wes concluded that "the calculator can be used to advantage in
~ sixth grade_classes,' and while it is not believed that calculators have
any_great inherent ability to support and motivate mathemat1cal study; .« o .

"with the strong directlon of capable'teachers,'much can be accomplished."-

Criticql'Commentary

Reactions to this exploratory study include:

" a. This was a cautious exploration of the effects of simply making
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calculators part of the sixth—gtade"mathematics curriculum with—
out.systematically modifying the content goals and objectives.
'Théiinterpretat;ons of the study-ate suppqrted by the data .pro-
vided. a ‘ A ‘ '

'b. From a negative point of view, it .s apparent (while the authors
do not say so) that certainly this use of calculators had no
deleterious effects on stahdatd achievement measures.

c. The daubtsﬂexpressed about unspecified similar advantages occuring

¢ in primary -grades seem to be pure conJecture. ‘
‘\ d. The lack of differences favoring the calculator group for problem
 \~ , solving is interestlng The authors.offer no explanation or
‘ | conjectures about this unexpected flnding
i -1 would hazard a»conJecturetpr two:
| ‘ a.,Iheﬁﬁotivation to solve and create verbal problems was attributed;
to the calculators themselves, but calculators were not allowed
during testing. It may simpiy bé that the motivation to attempt
.these or to persevere to a'solution was removed with the calcula-
tors, and the loss'of motivation simply resulted in lower scores.
b. Or, it maybbe that the(ﬁroblems solved and created with great
enthasiasm had no substantivehrelationship to the verbal problems
on the achievement test. » .
To clarify the matter we need to know the nature of the verbal problems
studied, solved, and tested It may be that power testing at different
times with and without calculators and with problems of specified types

would give inaigh* into motivation factors.

O

FRIC '
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Hopkins, Billy Lynn. THE EFFECT OF A HAND-HELD CALCUTLATOR CURRICUlUM
_IN SELECTED FUNDAMENTALS OF MATHEMATICS CLASSES. (Unpublished
. Doctoral Dissertation, University ofiTexas_at_Austin, 1978.)

Expanded abstract and analysis prepared.espeCially for the Calculator
Information Center by EDWARD C. BEARDSLEE, Seattle Pacific University.

1. Puréose _ , _ B

‘The study was designed to determine if the use' of a calculator-
based curriculum with a classroom set of.hand—held calculators‘wduld
have an effect on student achievement in computation, achievement in -
problem solving, and attitude towards mathematlcs. -
2. Rationale ‘

Wwith the increased availability and decreased cost of hand-held
calculators, teaciiers are faced with many decisions regarding classroom
use of these devices. Much of the previous research has been on the
use of hand-held calculators as a supplement to the regular curriculum,
‘not as an integral part of the curriculum. "

- The ninth-grade general mathematics course would be an appropriate
place to include.a calculator-based computation curriculum since-many
students enrolled in a nlnth—grade general mathematics course {(a) will
not be taking addxtlonal mathematics courses, (b). have negative atti-
tudes toward mathematics, and (c¢) lack the basic computationai skills.
'Using a calculator may also free students from the burden of computation
and allow them to concentrate on the probiem itself, which could improve
lproblem—solving abiliry. Hopkins reports that he could locate no studies
involving ninth-grade general mathematics that compared the non-use of
calculators with ¢the use of calculators when anl1nstructional curriculumk
for using the calculator is provided, although there.have been some
-studies of this type with other subjects or grade levels.

-t

3. Research Design and Procedures

Ten hypotheses were develoncd t) Ltest the offect of the calculator

on achievement, problcm—solvlng abillty, and attitude toward mathematics.

The instruments used were: the computation portlon_of theZStanford Achieve-

ment Test, Intermediate level I to measure achievement in computation;

A}

\ Al
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pN
)

- the application pcrtibn of the Stanford Acnievement Test, Intermediate o
Level II tc'measure achievement in problem solviné; and the PYQO?’A r ‘
PY408, PY409, and PY410 scales of the Form élSl Attitude Test, deveioped
by the Schodél Mathematics btudy Group to measure attitudes toward
mathematics.- , _ '

.The independent variacles'&ere the calculator’ or non-calculator
designation of the treatment groups-and the use or non-use of calculators
on the posttest. Concomitant variables were‘pretest means on computation
achievement, on problem-solving ach1evement, and in att1tudes toward ‘
mathematics. The dependent variables _were posttest means on computation.
achievement, on problem~solv1ng achlevement, and on attitudes toward
mathematics. ' | '

The experimental design was similar to the'type classified by Camp—
bell and Stanley (1963) as a Nonequivalent Control Group Design. '

Tﬁo parallel sets of instructional matefials to teach estimation,
computatlon, and problem solving using the four ar1thmet1c operations on
whole numbers to ninch-grade general mathematics students were developed.
One_set of materials was designed to be used with a classroom 'set of
calculators and the other to be used with paner and pencil.only. Both ‘
sets of materials includ-~d extensive teacher guides and stddent.pages,

The teacher's guide‘included qutlines:of each lesson and examples fof _
‘teacher presentations. The unit (for both treatment gfoups) was designbd
to.take 22 days of cldss time. The first two days and the last two ‘days
were devoted to ach1evement and attitude testing, leaving eighteen days .
for ‘instruction. : o S,

"A pilot study was conducted during the summer of 1977. The pilot
study included the 1nstructional materials and all of the pretesc and
posttest components As a result of the pilot, the instructional materials
were revised. l . . '

Twelve classes of the Fundamentals of Mathematics ‘course "Basic
Mathematics" in a Texas urban district were assigned to one of two treat-
ment groups ddring the Fall Quartef of l977 Six teachers participated

_ in the study, each having one class in the: ‘calculator treatment and ‘one

. | class in -the non—calcnlator treatment. Three high schools were involved,

each having two participating teachers. .One—hundred—sixty—seven students

were used in the study, 83 in the calculator treatment and 84 in the non- .

a
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calculator treatment, ‘Students in both groups were given pretests in

mathematics achievement and attitude.- Both treatment groups were given

xunits of instruction on estimation, computation, and problem solving

using the four arithmetic operations-on'whole‘numbers. The calculator
group used a classroom set of hand-held calculators in instruction.

The non-calculator group used paper and pencil only. Posttests in
mathematics achievement and attitude were given to both groups. Half
of each group took the achievement posttest'with a hand—held calculator
as an aid. The other half of each group took the achievement posttest
using paper and pencil only. The result” .g data were analyzed using

analysis of covariance.

&. Findings

Hopkins found no significant differences between the two treatment
groups on computation achievementi but there,was a significant difference
in problem;solving achievement. Also, the group using calculators on
‘the posttest scored signif1cantly ‘higher on both computation achievement
and problem—solv1ng achlevement. There was an interaction effect between
treatment and calculator use on the posttest in problem—Solving achieve—-b
ment. The group in the non-calculator treatment who took the posttest
using a CalCUlatOL scOred higher in problem—solving achievement than the
group in this treatment who took the posttest without a ecalculator. .The
group in the calculator treatment who took the posttest with a calculator
scored lower in problem-solving achievement than the group in this treat-
ment who ‘took the posttest without a calculator. L o '

There was no difference between the two treatments on the’ attitude

measures.

S. Interpretations

No evidence was found to: indicate that the use of a calcula or-basedh'

‘curriculum will® increase student achievement in»computation. The results

indicate, however, that students would not be expected to lose skills in

computation 1f they were glven instruction using hand-held calculators, as

' gains in- computation achievement were consistent with gains of students

npt,using_calculdtors in instruction. The gains were consistent even when

calculators were not avallable on the test.

o
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Evidence was found to 1ndicate-that the use of a calculator—based

curriculum with a classroom set of hand-held calculators does have a

'positive effect on student achievement in problem solving. Students

receiving the calculator treatient. did perform significantly better in

problem solving than students receiving the non-calculator treatment.

Based on the evidence of this study, the investigator concludes -

that the use of hand-held calculators in- instruction gives students in

'ninth—grade general mathematics more opportunitv to develOp problem— . i

analyzing and attack skills. _— - T

No evidence was found to indicate that the use’ of a.calculator—based
curriculum with a ‘classroom set of hand held calculators has an effect
on students' attitudes toward mathematics. '

" The following are implications for education, which Hopkins based on -
the results of his study: '

(a) Students in ninth-grade general mathematics can improve . their

skills in computation and problem—solving achievement using a

- calculator-based curriculum in learning.

+++ (b} Students in. ninth—grade general mathematics who use a‘calculator-

“ based curriculum in learning may acquire greater achievement in

) problem solving than students who use a non-calcylator curri-
culum .in learning.. » ’

(c) Students in ninth-grade general mathematics who are‘allowed to
usé hand-held calculators while taking tests achieve higher.
ﬂscores in computation'and problem solving than students who are

_ lnot allowed to use calculators on tests. 4- _

(d) Stud?nts in ninth-grade general mathematics who use a calculator-
" based curriculum in learning do not appear to lose computation
skills . when tested using paper and pencil only.

Critical Commentary

~The result that students with calculators performed better on the.
posttest than those students without calculators should not be too sur-
prising. The computation portion of the Stanford Achievement Test was ’
a0t intended to be usedkwith calculators. Once a student understands how
to operate a calculator, many of the- computation exercises could easily
be done. However,‘careful.perusal of Hopkins study leaves few questions

N
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unanswered “The. hypotheses, design, and interpretations were carefully
done. "To - this abstractor, Hopkins' work represents one of the more
'useful‘studies in the area of -using calculators in instruction, because

he asked some significant questions, piloted his. study prior to the

- final. investigation, then carefully analyzed and interpreted his results.

Hopkins' finding that calculators‘can help t0'improve problem—solving

skills is one that should stimulate additional researchers, as well as:

curriculum developers, to prepare calculator materials to teach problem—lh
solving skills. ' )

oA
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Hutton, Lucreda jAnn Williams. 'THE EFFECTS OF THE USE OF MINI-CALCULATORS
- ON ATTITUDE AND ACHIEVEMENT IN MATHEMATICS. (Indiana University,
1976 ) ‘Digsertation Abstradts International 37A: 4934; Febraary
' 1977., (Order No. 77-3347] :

-

Expanded abstract and analysis prepared especially for the Calculator -

Information CQH:er by JAMES -J. HIRSTEIN, University of Illinois.

g 1
.
. g (‘
1. Purpose )
The purpose of the study is to inveatigate the effects of the use

of the mini- calculator on student attitude and achievement during a

segment of the second'semester of a ninth-grade Algebra ‘I course.

f

There are conflictlng opinions regard1ng the role of m1ni calculators
in the mathematics-classroom. There is disagreement among educators as

well as within the general public. Therefore, the effects of using mini-

'calculators'need to be establiched. ‘All of the literature reviewed dealt

with u,Jng calculators w1th low—achleV1ng students. There is a need for

studies' of us1ng the mini-calculator sith average and hlgh—achieving

students.h

3. Research Design and Procedures

The study was done using three teachers of Algebra I classes in two

schools in Indlana. Each teacher taught one control class and one class

‘with the calculator as a teaching aid (i.e., the use of ‘a calculator was

!

incorporated into lectures) Two of the teachers alsv taught a class

using the calculator as a student aid (1 e., the calculator was avallable,
but not explicitly used in 1nSLru4tion) The classes all covered a unit
on ‘“powers, roots,’ and radicals" and the study was done:duriag a lour-week

period during the second semester.

A battery of three tests chosen from the NLSMA Population Y reports

were used. as a pretest and repeated as-.a posttest after instructlon Two

.attitude scales, the Pro—math Composite and the Math--Fun vs, Dull, were

included. Achievement was measured by one of the NLSMA Mathematics Inven-

tory forms; a. subscale concernlng roots, powers, and radicals was .selected

from. the items for this:experiment.

16
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,{ Each téacher was considered separauﬂy in the analysis. For each of
the three tests, the control group ,was compared with each experimental
Then a .similar t-test analysis

group on pretest scores using 'a t-test.
Sub-

was done using gain scores (posttest minus pretest) cn each scale.

¢

Jective comments were solicited ftrom all :teachers and students partici-

A S

pating .

4. Findings - .

None of the achievement scores, neither pretest'nor gain, showed any

significant differences between the experimental and control calsses

of a single teacher. Only one attitude sclae, gain on Fun vs. Dull,

shhowed significance (p < 05) for one teacher in favor of an experimental

(calculator as a student aid) .class.
-Subjective statements by students indicated that they thought using

the calculator was enjoyable and helpful.- The teachers reported that the

calculators seemed to motive students and that no instructional time

was lost in order to include the calculator component.

5. Interpretatlons
Although none of the achievement gains- statistically favors either

class, the greater gains were always made by the classes using calcula-

'This, along with student enjoyment, indicates a "judgment in favor

tors.
At least,

of calculator use in the mathematics Algebra I classroom.

there is no ev1dence here to . support banning calculators in Algebra I.

S

Critical Commentary

A number of questions are raised about this study:
a. There is no 1ndicat10n of baseline data for the attitude scales.
There is a‘set of pretest means with statistics to say the

.class means do not differ, but do these numbers indicate good.

" or bad attitudes before the treatment? This information is

critical for interpretation. ‘Tt is doubtful that one month with

a,calculator would affect_overall poor ma.hematics attitudes,
and -it Is ridiculous to expect improvement of good attitudes.
Pretest data for achievement are not even reported. . There-ds no

hay of comparing the classes with respect to entering knowledge.

-
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c. Lictle_attentfon was given to classroom variables. Treéting o
three teachers as three separate analyses does not control teacher
yariables. Furthermore, no effort to mgnitor‘the teaéhe;s' .
-adherence’ to suégested classroom procedure is indicatéd. v “
d. There is a natural cérreldtion between pretest and‘postﬁest
. scores thaf is ignored by treatigg Pretest and Gdin in separate
"analyses. The design used in thié study éleariz calls for a-

D . ) . repeated measures analysis.

v
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Jamski, William Donald. THE EFFECT OF HAND CALCULATOR USE ON THE
ACHIEVEMENT OF .SEVENTH GRADERS LEARNING RATIONAL NUMBER-DECIMAL-
. PERCENT CONVERSION ALGORITHMS. (IndianaUniversity, 1976.)
Dissertation Abstracts International 37A: 4934-4935; February
1977. [Order No. 77-3349] : - :

-

Expanded abstract and analysis prepared especially for the" Calculator
. Information Center by J. F. WEAVER, The University of Wisconsin-Madison.

~

1. Purpose

It was the intent oflthis investigation "to determine the effect hf
of -the hand calculator in assisting the middle school student who has
the prerequisite 'skills in terms of achievement while learning the
various rational number-decimal-percent conversions algorithms f . . [and].
.. . . the interaction effect [if any] between student ability'and calculator
useﬂ“'_Also, ?the use of the hand calculator was to be compared on the

effect of achievement with the various conversions."

2. Rationale {

. -

" . the topic in question, the conversion algorithms between

" simplified rational numbers, decimals, and percents had not been explored

w1th respect to calculator: utilization._

3. Research-Design and Procedures

.., Participating students mere from six middle school !'Level II'
classes, three of which were randomly chosen to be C (calculator) classes
‘and the other three to be NC (no calculator) classes. All classes were
_’taughtoby the same experienced teacher. |
| On the basis of results from an eight- item pretest (NLSMA Form
7S -3, Test D, pertaining to whole—number divisiou [with two—digit divi—'
sors in seven of the eight items]), students within each class were par-
titioned into Hi, Mid, and Lo "aoility" ‘groups. - This pretest was admin-
istered to l62 students approximately three weeksvprior to the beginning
‘of a three—week instructional oeriod . '
| Treatments during the 1nstrucrional period were based closely upon
matcrial in 'Holt School Mathematics. Grade 7 (1974), covering six types of

conversions

’

a. conversion from slmplified rational to equivalent decimal form,
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b. conversion from decimal to equivalent'simpiified'rational fotm,

c. conversion from percent to equivalent decimal form,
d..conversion from decimal to equivalent percent form,

e. conversion from percent to quivalenL simplifled dbiongl Fukm, and

. f. conversion"from'éimplified rational to equivalent gercent form

. (where simplified rational embraced that_which many persons might term

"fractions" for'"fractional"] and "mixed" numerals expressed in "lowest .
terms") . The essential difference in treatments between the C and NC -
classes #as the use of calculators (Rockweil 10R) in the development and
use of conversion algorithms by students in'the_b classes, with no.
calculators being used in the NC classes.

A six-part prsttest, .consisting of six items (exerc1ses) for each -
of the six types of conversions, was admlnistered at the end of the
three-we:zk instruc;ional period and re-given approx1mately f1ve weeks
Eafter its first administration. LC students were permltted to use calcu-
lators on the glgst but NOT on the second adm1nistrat10n of the posttest.
Complete sets of test scores were available for 136 of the 165 students who
'we;e pretested. ' ' '

Data analyses focused upon these four null -hypotheses:

"Hl. ‘There is no significant difference in achievement among students
using hand calculators and those not using them."
"H23 There is no significant difference in achievement due to the

L

interaction-of student ability and hand calculator use."

"H3: There is no significant difference in achievement between

: high—ability students not using hand calculators and those in the low-

ability group using them.'

H4:

one month  after the post—test between the experimental group, not using .

There is no significant difference in achievement approximately

hand calculatcrs, and the control group."

~ - .

4, Findings

On. the pretest there was no slgniflcant (a. = .05) difference in

means between C- students scores and NC- students scores.
" In order to "test" H1 and H,, an independent 2 (treatment) x 3 (ability
level) ANOVA was ‘run for each of the six conversion types, using as the

criterion measure the scores on the approprlate.six—item part of. the

5(\ SR : .
< : . —
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posttest (first-administration). JOnly'one of the‘sixvconversions (simplified
rational to equivalent decimal form) showed a.significant main effect due.
to treatment; each of the six conversions showed a significant main effect
associated with ability level;‘no significant interaction effects were |
observed "
' A significant difference was observed between LoC and” HiNC performance
(first administration of posttest) for each of the six conversion types (H ).
In connection with HQ, on the second administration of the posttest
‘no significant difference Hetween C and NC performance was observed for
-any of the six .conversion types.. | . | ‘
'"As a measure- of reliability, ‘two Pearson product—moment correlations
were computed between the post—test and re-test- scores for-each conversion.

One was done for NC and the other for C." The NC coefficients ranged

from .57 to .94; the C coefficients, from .55 to .78.

5. Interpretations

Based upon the criterion of -achievement (as measured by‘the instruments

used in this investigation): T . . o
". . . calculator use in general could not be judged to be successful
with simplified rational-decimal-percent conversion algorithms."

N

"At this level and with this-type of topic . . . there was no reason
' to segregate the use of hand calculators by ability groups. . N '
. . . the emphasis of calculator use\with slow learners should not
be gearedAtoward competitiue achievement levels with superior'students."
". . . hand calculators did not provide the means to bridge the

ability gap among stududents with this topics."

' Critical Commentary

I have many misgivings regarding this investigation, ranging from
-he choice of prerequisite:ability" criterion, through the_useﬁof uni-
variate rather than multivariate. analyses, to the investigator's interpre—‘
tations and implicatious of findings -- some of which are obscured by the

fact that page 64 of the dissertation was not- included in the material

sent to University Microfilms for reproduction.

e

The following fact makes it impossible'for me to even consider any

- further commentary: Although 18 ANQVA tables are presented, nowhere

N
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the excébtion of Table 23)-ih éithgf the body of the'fésearch.;gpgrt or

ts Appendixes can I find any concomitant data that give me_é:picﬁdre'of‘
student berformanéé; either'by treatment or "ability" level fof'ény.of
the six conversion types, on eithervthe first or second administration .
éf‘the posftesc. Failure to inélude such~inforﬁation in;a dissertation-
is inexcusable and, I_feel, professionéllfvirresponsible,

.« 3 -
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Jones, Edris Whitted. THE EFFECT OF THE HAND~HELD CALCULATOR ON MATHE-
MATICS ACHIEVEMENT, ATTITUDE AND SELF CONCEPT OF SIXTH GRADE
- STUDENTS. (Virginia Polytechnic Institute and State .University, e
1976.) Dissertation Abstracts International 37A: 1387; September -
1976. [Order No. 76~19,855] ’ - :

~

o Expanded abstract and analysis prepared especially for the Calculator
Information Center by CLYDE A. WILES, Indiana University Northwest.

1. Purpose

The purpose of this study was to investigate the effects of . intro-
ducing the hand-held calculator into the sixth-grade mathematics curri-
CJlum.c While a number of sub~ hypotheses were tested including some
related to sex differences *' _:entral hypothesis was:

There. 1s no :differen(e in the mathematics aohievement, attitude

and self-concept of students using he hand ~held calculator,

,during the learning period and students performing without . . .

2, Rationale ,

The decline of standardized'test scores in mathematics and the easy
availability of inexpensive hand-held calculators were both noted. .It
was conjeetured thatfthe:introduction~of these machines, in a systematic
and large—scale Qay, may improve the~situation.ﬂ Hoﬁever; the probable
effects of such an acLion are not known A review of current litterature
revealed evidence inadequate to support either course of action. Hence -
the need for the study.

It was conJectured that if introduction of the calculator increased
P achievement, this in turn may have a positive effect on general attitude

toward arithmetic and self-concept.

3. Research Design and Procedures

a, Subjects ;

afhe study involved the students from three sixth-grade classes in
one school in Norfolk, Virginia~and three si*th—grade'classes from
another in Portsmouth, Virginia. The population was characterized_as
mult{-ethnic and as from'iow to middle‘socio—econoﬁic status. They were

‘ special in no other way. Two of the classes from'each school were
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randomly selected to wﬁrk with calculators® "All four of the classes
using calculators werc identified as an experimental group, while the \
’chlfdren‘uf_the remalning two classes were identiffed as a control group.
The experimental group thus contained 58 girls and 55 boys, dhile the
control group consisted of 33 girls and 25 boys.
b. Instruction
- (Lessons specifying objectives to be studied on given days were
created. There were 40 lessons and 41 instructional days thus specified.
The lessons all reiated.to computations-and applications of decimal
numbers and common fractions, with some attention to metric measures
and percent. Homework was assigned at parental insistence; homework
g reflected the classwork. Calculators were not provided for homework,
however. " All classes were to complete the same lessons except that
‘the classes in the experimental group were provided with one day for:
. ~orientation to the calculator. The experimental QubjeCts were provided
with battery-operated, four~function, flzating decimal poinf calculators
and were '"'encouraged' to use them-as often as possible" during the mathe-
.matics class periods except for testing. The control élasses were not
‘allowed to usc calculatorﬁ duriﬁg,class time. ' )

It can be noted here that 10 of the control subjects later reported
using calculators for homéwbrk, but that the exclusion of their data had
no significant effects on the findings. ‘ <

Thg six teachers were giveﬁ a one4day_orientation to the prbject
before it began and came to weekly meetings thereafter to insure that
instruction was proceding as planﬁéd. feachers were'#o keep -a recordu
of the amount of time children actually used the calculators in the ex-
pgfimént&l»classes,‘but these data are not reported.

. ¢. Tests and Measures

Two forms of standardized achievement tests were used to measure pre-
and post;instruction achiebement. These tests provide a computation score,
a mathematics concepts score, and a total mathematics score. The concepts
questions are-identified as measures of-”undérstanding'of basic numeration
and mathematical operations as well as kndwledge and application of con; '
° cepts in measurement, geometry and problem solving." The computational

questions are said to measure "ability to add, subtract, multiply and

divide whole numbers." No-specific mention is made of either decimal or
common fractions. o ' : .
S¢
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Attitude toward the'learning of mathematics was measured by
Dutton's (1968) Attitude Toward Afithmetic Scale, and self-concept by
Piers (1969) Piers-Harris Children's Self Concept Scale.

o d. Analysis of Plata | _ ‘

The data were analyzed by analysis of covariance using the pretest
achievement scores as covariates. Although there are dependencies among
the posttest concepts, computation, and total achievement scores, they
were analyzed independently. Independent analyses were also conducted
for thevattitude and self-concept scales. The independent variables ‘
tested for significance were: experimental vs. control and boys vs. girls.

Some data from the attitude test could not be analyzed\in this way, and

these data were summarized in apptopriate categories.

4. Findings
_ ihe experimental group had significantly greater achievemept than .the
control group .in terms of total achievement, computation, and concepts.
A significant difference for concepts scores was found within the
" experimental group that favored the girls. No differences’ wete found
involving attitude or self-concept scores.
-Five items of the attitudinal test were open-ended. .These‘data were

_summarized but no clear findings came from them.

5. Interpretations

It was concluded that significant improvement in mathematics achievement
inclxding both concepts and computation did occur. Moreover, the sex of
students was not a contributing factor except with concepts scores.
Attitude and self-concept weré unaffected.

- It was asserted that these findings support the contention that the
hand held calculator can be used as a tool to
© "(1) discover new ways of utilizing the instrument
(2) reduce boring, tedious drill and
(j) serve as a motivational instrument."

Finally, it was asserted that '"the most‘important_use C o gleaned

from the expetiment was that the hand-held calculatot could be used to’

personalize instruction." A number of recommendations then are offered

for further research, noting pointedly that 'further research'is needed
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before making major decisions relative to complete usage of the hand-

held calculator."

Critical Commentary

This study seems to have arisen out of an administrative neced to
make a.decision about large-scale 1ntroduction of calculators into the
mathemarics curriculum of the elementary school. The answer provided
by this study is « definite "maybe'. The admlnistrator or researcher
drawing information from this study should note a number of factors

a. The clear statement of instructional intent and time devoted to
each,lesson_and concept are most helpful in understanding any
action research project and this ‘is no exception.

b. The use of measures of'indirect'outcomes is to be commended

“to all. AlthOugh no differences were found in any of those
investigated here, that alone can be an important finding.

c. This reviewer was troubled by a number of things, but primarily
by a serious doubt abOut test validity. . One wonders how the test
measures the objectives taught. 'The overlap of the test content
with the content of-instruction is apparently small. The compu—‘
tation test measures only whole number operatlons, while the 4
ins*~ ruction was chiefly concerned with- decimals and common .
fractions. [t is not. clear that tbe concepts test dealt fairly
with 1nstructional content, either. . It may be that tne achieve-
ment test was 1naccurately or incompletely described but if not,
the lmplicdtlons .of the study should be adjusted 1n some way

d. Whatever the differences really were, what is the real cause?

" for cons1deratlon

The ‘Hawthorne effect was deemed 1nappropr1ate
in this study, but ten SubJects from the control group admitted
us1ng calculators at home, and the final conclus1ons of -the .study
glow with considerations commonly associated with novelty and
variability. 4Onevwonders how many of the children in the experi-
mental group obtained or used calculators apart from the controlled
situation o ) \

e. Why were sex differences 1nvest1gated and what is to be made of

the one apparentl|v ninterpretable f1nding7-

f. Statistics customarily reported for ANCOVAs are not presented.

9
4
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‘The obvious dependencies among‘the various variables are not
noted, .much leso discussed. The analysis was done with indivi-
duals as the unit of observations without even noting the
‘hazards associated with this. It ‘seems probable that the
analysis was based upon expert advice, but that the rationale
_for'it was not appreciatedt. All this places additional limita-
tions upon the findings and interpretations of the study.
Finally, it seems to this reviewer that the interpretations and
recommendations of this btudy, while consistent with the findings,
shou%d be acted upon with great caution. The administrator or teacher
favorably disposed to intrcducing calculators into the curriculum is ‘
encouraged_by this study. However, the author's call for further inves- -

tigation is well made.

-
'
o~
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Kasnic, Michael James. THE EFFECT OF USING HAND-HELD CALCULATORS ON
MATHEMATICS PROBLEM—SOLVING ABILITY. AMONG SIXTH GRADE STUDENTS
(Oklahoma State University, 1977. ) Dissertation Abstracts Inter-
national 38A: 5311; March 1978. " [Order No. 7801276)

Expanded ébstfaot and analysis prepared especially for the Calculator .‘/
Information. Center by DONALD J. DESSART,’ The University ofvTennessee—

Knoxville.. ‘ -
1. Purpose

The primary purpose of this study was to determine wheth:r ov -
. . /

the use of hand-held calculators'in the classroom would lead t» Ihe ,

improvement vf the mathematical problem-solving abllit§ among &.i-.

grade students:

2. Ratiohale

Hand-held calculators are rapidly becoming a popular tool for -
comoutation'in nearly all walks of life. Their use in the schools is
dlmost a foregone conclusjion. The primary interest at the present. time .
is the discovery of.their-most'efféctive uses with children. Sinég}
‘problem solving is a.much4sought—after.goal in schools, it is most
reasonable to stu@y the uoefulnéss of Q?nd—held calculatorsvinlpromoting

; , .

the problem-solving abilities of children.

'

3. Research Design and Procedures

In this sfudy, four_schools were randomly selec:ed from among
13 schools. in a large suburban school district. All of the-sixth graders
in the four school's were tested for problem-solving abilities with the
Californla Achlevement Test, Level 3, Form B, Mathematics ConCepts and
* Problems subtest These students were. then cla351f1ed into one of three
'I ability levels: low, average, or high.. Ten students were _randomly
) selected from each of the ablllty levels in each .of the four schools for
partic1pation in the experiment. '
At this point the four schools were randomly assxgned to one of the-
following usage groups: '
‘a. To use calculators for practice but not on the posttest.
b. To use calculators for .practice and also for the posttest.

c. To use paper-pencil only for practice and also for the posttest.

6
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d. To act as a control by not practicing problem solving but taking
the posttest. | | :

The -treatment consisted of the students studying a series of pro-
gressively more difficult problem-solving questions»which were designed
to improve their problem-solving skills. The total treatment covered
nine 50-minute sessions, which was followed by an 86-item problem-solving
posttest. -The posttest was made up .of items which tested the ability of
students to determine whicb computational procedures were necessary to
solve the problems as well as the ability to carry out the computations.
These were subjected to-separate analyses. v

The analysis of the data included determining Pearson product-
moment correlations between the number of completed practice problems°and

the number of correct responses on the posttest, calculating a treatment-

“by- levels analysis of variance F ratio among the groups with the posttest
_scores, and finding non-correlated t scores to determine whether or not

differences. existed between the group using calculators on the posttest and

[

the remaining three groups.

4. Findings
' " The analysis of the data resulted in the following findings‘

a., The use of the calculators with practice problems did not result
in the students completing more practice problems than those wh0'
did not u: 2 calculators., :
"b. The more practice problems completed by.students with calculators
the more llkely they were to ‘solve problems on the posttest.

c. The use of calculators by high and average ability students on
the posttest did not result in ‘their so! ving more problems than
coroirable students who did not use calculators on the posttest.
A similar finding was true for low ability'students. | |

d. The use of calculators did result in average'and low ability stu- /
dents solving a greater number of questions that determine compu-
tation than comparable students who did not use calculators.

- e. The high ability control group solved a significantly greater uf;h
" number of problems than every 1c1 ability group except the low

.ability group who used calculators on the posttest,

tL
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‘5. Interpretations

A most comforﬁing'conclﬁsion of this study deals with the results
for 1ow—ability students in which it was found that the use of the
calculatorg helped them in competing méré successfully with higher ability
students. The disappointing conclusion that calculators did not- appear
" to substantially aid average aﬁd high ability students may teﬁpe; the
claims of those advocates who may overvalue the hand-held calculator, as.

a classroom tool.

Critical Commentary

-This gtudy represents a very careful design in which many of the flaws
common to much of educationai research ﬂave been removed. ‘Randomization
“was employed exceedingly well, ‘and the treatments weré meaninéfﬁl and
'carefuily-controlled. .Perhaps the most serious concern is the very short
treatment time; as nine 50-minute sessions provide insufficient time to
obserQe any but transitory effects. It would seem that ﬁﬂe inveétigation
has uncovered a promising finding in relation to.low—abilif& students;

perhaps more time could be spent in pursuit Sf that lead'by qther researchers.

-
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Laursen, Kay William. USE OF CALCULATCRS IN HIGH SCHOOL MATHEMATICS:
‘A STUDY COMPARING ACHIEVEMENT, ATTITUDE AND ATTENDANCE OF GENERAL
MATHEMATICS STUDENTS WHO USED CALCULATORS WITH STUDENTS WHO DID NOT.
(Brigham Young University, 1978.)\ Dissertation Abstracts Inter-
national 39A: 733; August 1978. [Order No. 7813828]

.

- Expanded abstract and analysis prepared especially for the Calculator

Information Center by GRAYSON WHEATLEY, Purdue University

1. Purpose

The purpose~of this study was to determine'the effects of calculator

.'use by high school general mathematics students on achievement"attitudes,

and attendance ' . - i

>

2. Rationale

Since low-cost calculators are readily available, educators and

narents are embroiled in a controVersy over the ‘use of these technological

' wonders in schools. This study was undertaken to, provide information for .

.educators on the effect of calculator use in high school general. mathema-

-

tics classes. !

3. Research Design and Procedures

Eighteen general mathematics classes (505 pupils) from five Utah-
high schools were identified, with.nine classes assigned to a calculator
treatment and nine serving as a control. Availability of calculators at

the high school level and teacher interest were ‘factors in the assignment

.Data from 64.percent of .the pupils were available for analysis.

The students in the experimental group (E) were provided with four-
function calculators to be. used as an aid to complete'assignments_and
work- test problems. ‘The'control group studied the same content“(whole'
numbers, decimal and fraction computations, percents, 1nterest, consumer
applications,"and measurement), but without calculators. The treatment .
period extended over the Fall,semester, 1977-78.

A 65-1tem multiole—choice mathematics achievement test (KR-20 coef-

ficient = .92) written by the experimenter was used as a pretest and a

posttest. The Mathematics Attitude E Scale (Aiken, 1974) also was used o /.

as a pre- and post-measure. The mean number of absences for each class o j

~
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was computed. The experiméntal‘group used calculators on the posttest
but not the pretest. A

A 2 x 2 (Treatment, Sex) analysis of covariance with the pretest
scores as the ariat. 15 applied to the mathématics achievement post-
test scores. lu tHividuai wa: € +d as the experimental unit. The
attitude data were analyzed 1. By \r manner. Attendance data were

analyzed by 'a 2 x . ireatment x Sex) analysis of variance with number

‘of absences in first 80 treatmert dayvs as th- lependent variable.

ﬁ. Findings

The expe;imental group score significanti~ higher than the control
group [F(1,320) = 35.28, p < .01}, +* il ‘* sex difference and interaction

were nonsignificant. There was no t: 4t difference in attitude, but

'there was a significant sex diffcrence in favor of males [F(1,302) =

13.82, p < .Ol]; There were no significant attendance differences. After
the stu&y, five of the six experimental group teachers stated that they:

would prefer to teach general mathematics with calculators.

5. Interpretations

The use of calculators by general mathematics students resulted in
significant improvement in achievement. The difference was attributed to
the elimination of computational errors and increased willingness of -the
students to at;ack'more complex problems, both made possible by the
calculator. ' The célcuiator does not change attitudes towards matﬁematics._

On the basis of these findings, fha author recommends that'calculators

be made available to general matliematics students. The author recommends

‘that a similar study be conducted with two experimental groups, one being\

tested without the calculator. oo

Critical Commentary

The findings of this study must be interpreted with éreat care. As
the author nbtes, the absence of an egperimental group that took the
achieycmen: test without calculators.obviates rhe cause of the posttest
tréatment difference. Was the difference due to ireatment or was it due
to calculator availability? Actgally, for both E and C; the achievement

test gains were small for a semester-long treatmert. ‘An examination of

.

-

<
)
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the pre- and posttest means found in the appendix reveals that for C the
gain was 6.7 and férlE it was.10.6. Thus we see that the E group had

only four .iore problems correct'thanjthe C group. Given that they had

the advantage of a computing device during testing,'this difference

méy not be educationally significant. The use of an lnappropriate
;expérimenﬁal’unit (individual_ins;eag 6f class), together with the absence
of rando@ asS}gnment, furthé} clouds the interpretation. Of major
importance is fhe type of use made of calculators in matﬁematics'classes.
We will not have gained much if the calculator only serves as a substi-
tute for computation and an answer-checker, while the curriculumuotherﬁise
remains the same. It is critical that the effectiveness of calculators be

judged with a. curriculum incorporating calculators as an instructional tool.
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" Lawson, Thomas James. A STUDY OF THE CALCULATOR'S AND ALTERED CAL-
CULATOR'S EFFECT UPON STUDENT PERCEPTION AND UTILIZATION OF AN
ESTIMATION. ALGORITHM. (State University of New York at Buffalo,
1977.) Dissertation Abstracts International 39A: 647; August
1978. [Order No. 7813985]

Expanded abstract and.analysis prepared especially for the Calculator
Information Center by GRAYSON WHEATLEY, Purdue University.

1. Purpose _
The purpose of the study was two-fold: (a) to determine the effect

of calculator use on students' desire and ability to.estimate as part of
a problem-solving strategy and (b) to ascertain students' perceptions of

the educational value of calculators.

.2. -Rationale » ‘

With the widespread use of calculators in schools, eritics_arguev
that students will lose the ability to compute and become too dependent
oo'the calculator. Since most persons rank estimation as an important
mathematical ability, information on the effect .calculators have on \

estimation is needed. Further, specific methods of teaching estimation

skills should be evaluated.

3. Research Design and Procedures.

The sawple for this study consisted of 271 seventh-grade students
from a suturban-rural junior high school. Students were randomly assigned
to one of three treatment groups: (a) a group‘that wds restricted to

. paper- -and- pencil methods, (b) a group that used calculators to compute,
and (c) a group that used calculators with the operation keys masked.
j-Within 2xch treatment group, three ability levels’ were determined u51ng
the New York State Pupil Evaluation Program computation scores.

The criterion for inclusioﬁ was previous demonstration of a mrnimal
‘competency (80 percent) knowledge of place value and computation iu the
decimal numeratioo system. [Th~ reviewer does not underétaud how this
" criteria could have been applied.] . The orocedures were as follows: All
students were taught estimation skillsfduring mathematics class for a
three-day period. The data collection occurred during one class period

five days after the last estimation lesson. Pupils were randomly~aésigned

(v(
(VA
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to one r? three treatment groups: calculator, altered calculator, or
paper and penc;f} All students toock a 20-item decimzl number estimation

test without calculators (pretest), then worked 16 problems by the method

" designated (calculator, altered calculaﬁor, or paper and pencil),

followed by a 20~item decimal estimation posttest (a.reordering of the

" items in the pretest).‘¢The pretest consisted of five addition (316.7 +

453.9), five subtraction (84.6 - 17.7), five tultiplication (6.3 x 7.9),

-and five divisfon problems (50.6 + 0.4).

Tﬁe entire data collection duration varied from twenty to forty
minutes, including pretest, treatment, and posttest. It can then be
inferred that the "treatment" lasted from five to ten minutes.

-1t ié reported'that a two~way MANOVA model was used for data analysis.
The study reports analyses for abiljity and treatment in separate tables,
with no ment}on of interactions.” Further, the univariate results are

interpreted with no mention of the multivariate F ratios. For the ability

- analysis, eight subtest variables are entered (pre-post scores) for each -

operation, while for the treatment analysis four change scores are treated
as fhe dependent measures. Subsequently, pre and post time to completion
are analyzed independently for ability and treatment. The numBer'of e
errors on the interim experience were also analyzed using multivariate -
techniques. In the two days following the posttest, a total of 29 students

from the calculator and altered calculator groups were interviewed to

‘ascertain their reaction to the experience and calculators in education.

4. Findings
The reported findings of this study were:

a. %tudenps of better computational ability tend to be better
estimators (p < .001). |
b. There wds no difference between the mean cﬁénge scores of the
three treatment groups.
c. The use of unaltered calculators resulted intféwer‘computational
_ ~errors on the interim expérience. T . T
d. SCudents.with or without calculators do not generally - use skill

of estimation to verify answers regardless of the computational

method (paper and pencil or dalculato:).
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. . ’ .. | o
e. 'Throughfpupil interviews it was concluded that the seventh-
grade pupils have a perspective on the limitations of the cal-

culator equivalent to that of adults.

5. Interpretations . -

The interim experience did not result in improved ‘estimation scores. , -
Pupils provided with calculator-assisted interim Work experience, using “
either regular or altered calculators, did not significantly improve .
their estimation performance.over those who simply computed using paper
and pencil. The researcher\suggests that a longer experience might have
a positive effect on estimation scores. Pupils are limited in their
ability to estimate by their computational ability. The use of calculators
did reduce the number of computational errors.made on the interim'e;peri—
ence. Results from the pupil interviews suggest that seventh-grade pupils
recognize the limitations of calculator'use, feel that one should not be- -

<

come dependent on calculators, and are likely t-o make sensible:uses of

\

calculators.

Critical Commentary

This study is serlously flawed in conceptualization, design, and data
analysis. Further, the report is so sketchy that the reader is hard-pressed
to know what happened and how the data were analyzed The entire study
was conducted in the 20 to 40 minutes of a single class period Gﬁeat
care must be exercised in interpreting findings based on- such a brief

period of time It seems particularly inappropriate té attempt an eva1uation1f
\

of calculator use based on, at most, 40 minutes of experience. o ' M\‘

The rationale for including an altered calculator treatment is not .
made clear. 1t is difflcult to see how value can be derived from having
pupils compute w1th a calculator where -the operation keys have been masked

It appears from the report that multivariate ‘techniques have ‘been
misapplied. Interpretation of univariate F values are made without reference
to multivariate values. No mention is made of any interaction. 1In fact, |
., 1t appears ‘that ability, treatment, ‘and time are analy7ed separately
. There are numerous other problems in this study. Extreme caution must

be used in viewing conclusions based on this study.’

i

-
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Lenhdrd, Rodger William. HAND-HELD CALCULATORS IN THE MATHEMATICS CLASS- -
A o - ROOM AT STUART -PUBLIC SCHOOL, STUART, NEBRASKA. (fontana State Uni- -
oo versity, 1976.) Disserta’ion Abstracts International 37A: 5661;

‘ ‘March 1977. [Order No. ~ 4974] ¢ o '
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Expanded’abStract,and analysis prepared especially for. the Calculator
"Information, Center by MARILYN N. SUYDAM, The Ohio State University.

.

. N
“«

”

-

1. Purpoée .
" The intent -was to determine whether mathematics students in grades

7 through 12 performed better op concepts or computation or changed atti-

tudes by using hand- held calculators on; tests. o e
. - . 1y N < o -
L ‘.2.. . Rationale " " B L ‘ T ¢ . ' B )
o .. | ,Calculators-are becoming a part of life for many students today
o | Prlces have declined Therefore teachers shouLd plan carefully designed

T . experimental progtams usi g the’ calculato in matiematics classrooms.

The review of literature cited some [random] references in innovations in

ot K

Q _ mathematics (television,'unipacs, children s literature, retesting, and
mathematics laboratories, with little: 1ndication of the relatdonship of

ﬁffhese-topics to calculators), attitudes; and use of calculators.

a ,
v R ’ oo
3 B ’ . " o . .
v e - ~ . . “
, . k }
. ¢
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[
A P " Research Deisgn and Procedures

<« The study was conducted dur1ng the first semester of 1975-76 in’
) Stuart (Nebraska) High School All studénts we re exposed ) calculators .
2 y . during the first week; they ¢ould practice withbcalculators during free s
e ;“l’time in the secondpweek *Eagh mathematics class in grades 7-12 was
¢ | 'randomly divided into two groups, ‘theé groups alternated using APF Mark 26
calculators (four operatiohs, Ocrcentage key, memory) on tests administered

- ta each class. Followirig each test, the Aikcn—Dreger Attitude Scale (r = .94)

o & - ¢

7 f was administered \ Involved wete 125 students in: : =
.-4 N R ! oL - - C 5 ) ‘N- , EEE_ t:!Ee X ,b,,\
ot ' ~ Math 7 . S T29 10 . teacher-made B
e 0 [TMath 8 7 ) 26 9-  teacher-made .
- '+« 1% General Mathematics 19 8 . -accompanying text’
Ut - Algebra I s 2) . 8 " accompanying text.
‘e """ . ' Business Mathematics. 15 8 atcompanying text
B “* = Algebra AI 3 8 teacher-made
,05“ ' Geometry - o 10 ‘8 accompanying text , -
- Trigonometry Co2 8-. teacher-made




Pre— and posLtests measuring mathenatics conceprs and . computation weré

- ~ grades 7-8 . Stanford Diagnostic Arithmetic Test, Level II, Form W
A R grades 9—10' Stanford Tests of Academic Skills, Level II.
3 ' grades“ll 12 ~Stanford Tests ‘of Academic Skills, Level 11

Reliabilities for these tests ranged from .90 to .98.
Scores were compared with the t- test for independent samples and,
when tppropriate, the F-test and Duncan s test for multiple comparisons.
Students were observed to ascertain if they checked their work or if

3

they had any unusual reactions as they took tests.

Véq '~ 4. Findings ) |
' Sixteen null hypoth:ses were tested. No significant differences were
found between experimental and control groups on (l) test scores,: .
" (2) number of. concept errogs, (3) number of r‘omputational errors, (4) atti-
» tudes toward mathematics, (5) time to finish test, (6) rank of students,
- (10) councept errors of poorer students, (ll) computatlonal errors of
poorer stuydents; and (12) attitudes of poorer students. When poorer
students (Tdscores less than.45))were compared with better students (T
scores greater than 55) on (7) number of concept errors, (8) number of
5 ) omputational errors, and (9) attitudes toward mathematics, the’ poorer
’ students scored significantly lower. When grade lev;ls%were compared
E no signiflcant differences were found on (13) .test scores and (14) number of
.concept =rrors, on \lS),number of computational errors, the fewest were
found in grades 8 and ‘12; on (16), time to finish test, the range of 17
to 41 minutes was significant.
On the standardized test administered pre— and:post treatment,
- significant differences were found in Math 7 for concepts, ‘decimals and
: percentage, and number facts; all subtests in Math 8; and tests in Algebra I,
General Mathematics, Business Mathematics, and Algebra.,
' Observations indicated that very little checking was done, ‘the
better students checked work whether they had calculators or not, while

the poorer students tended not to check work. No unusual reaCtions during

. testing were noted. ' A .-

5. Inaterpretations ' .

Had the sEudy been conducted for a longer period of time, there might

have been a significant diffeence in test performance. The calculator
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shoul&nhave been motivatioﬁél.. However, the better students were _A ///
interested in all phases of mathematics, while.the disiﬁterésted ' S
reméihedidis}nterested. Differences in mathematice background and,fﬁ
int;rest of students were considere& peaéuns for subtest and grade

" level findings. °A larger popuiation, control of teacher effect, use of
distinct experimental and céntrol groups, and equal—si?ed enrollments
 wefe suggested as possible ways to improve ;he stddy. |

‘Critical Commentary

“That there.were flaws in this study seems obvioué; In addition to
those sﬁggested by the resaréher could be noted, for instance, (1) fﬁe
administration’of’at{itude scaleé_f)llowing.achievemen@ tests, without
. note of the potential influence of the first on the second; (2) the wuse.

of nine tests in one ciass, so that gxper;mentél and control testings”
" were not eduai; (3)ilack of any ipformation on the content of the test
or what use of calculators was made on them; (4) the exceedinély small . .
N in two classes;‘(S) the random ratibnéle and review of literature, “
which seemed symptomatic of the lack of depth in the study. This was
action research, cénducted with an available population as they used a

new tool. The results must be accepted within severe limits.
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Lowerre,,George F.; Scandura, Alice M.; Scandura, Joseph M.; and
Veneski, Jacqueline. USING ELECTRONIC .CALCULATORS WITH THIRD
AND FOURTH GRADERS: A rEASIBILITY STUDY. School Science and
Mathematics 78: 461-464;-October 1978. .

' Expanded abstrdct and analysis'prepared”especiallyrfor the Calculator

Information.Center by ROBERT E. REYS, University of Missouri-Columbia.

1. Purpose\ _ _
An experiment with third anc. fourth graders was designed to answer
the folloWing questions:

(a) Which standard mathezatics topics can be taught most effectively

using the hand-held calculator?

ol

(b) What implications does the hand-held calculator have for prnhlem— '

solving situations?
(c) What new mathematical topics can be successfully introduced'via

the calculator?"

2. afionale

‘ No explicit rationale is provided. This research is a sequel to a
SerlLS of four mini- exper1ments conducted by the authors which explored
ways to use electronic calculators with children aged 5-7 during the

summer of 1974. Implicit in the article is the fact that hand—held.cal—
more, inVestigations of third- and fourth—grade mathematical topics and .
' their interaction with hand calculators need to be done if futur> curri—

culum are to reflect this tool

3. Research Design and Procedures

A ten—week experimental study involving pre--and posttest measures
‘on the ‘Metropolitan Achievement Test (MAT) was. done in the fall of l974
During this period these students were given 32 1nstructional sessions

(30 60 minutes in.length) over a range of both standard and non- standard

mathematical topics. R
4. . Findings

Only descriptive stat1stics were reported, with gains in grade. level

'_ equivalents ranging from zero in problem solving for one student to one

v

-culators will have a major impact on the mathematics curriculum. Further-
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year and nine months for the same student in computation., .

5. Interpretations

Tentative answers ‘to each of the three questions stated in the
purpose are offered _ Some interesting observatic .s are reported but
.they are not abstracted here because they rely completely upon the
authors subjective judgment rather than on any empirical evidence that

«

was reported.

Critical Commentary.

. This investigation would have been ideal for a casg study that
allowed for careful observation and collection of selected data from the
students. ;However, it was treated like the:classical experimentaljstudy '
with pre and post measures. Glven a sample of size three, this design. ‘
prevents all but very gross interpretations of the~data, In particular,
it.is hard to understand why the investigators'relied_completely on the
problem—-solving portion of a commercial standardized test when much:more
sensitive m2asures of problem solving exist in the mathematics education
community. Only problem;solving performance on a paper—and-pencil test
was exanined, yet other aspects of problem solving, such as the process
'dimevsion, deserve attention. ' ‘

Some of the instructional topics were listed. More details for
’their development would help this reader appreciate the nature and’ ﬂ
sequencing of'the lessons. For_example, one topic'is described as "area'.
Without . some elahoration, it is impossible to appreciate the capability. . »
.of the calculator- in developing this topic. The authors report that-
| throughout the ten week period, a great deal of time was spent reviewing
and” practicing-the arithmetic operations with whole numbers and decimals."
_'What does. this mean? How much is a great deal of time? ‘How were the .

- calculators used in reviewing and practicing the operations? Without
answers to such questions, it is impossible to get a feel for the instruc-
tional lessons which must,be clearly understood if the findings are to be
meaningful ' ' , | '

The authors cite several limitations of this study, including the
small sample sizev(three students); the atypical teaching-learning environ—

~ment; and the measurement instrument, MAT, which relies'heavilv on com—
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© PR
putation and, by the authors' acknowledgement, was not a valid measure

'__of mathematical performance. In light of the latter limitation, why

was the MAT,used at all? No rationale for its selectilon was provided
Were the instructionglhlessons in lieu of these- students' regular ‘mathe-
matics program'or in addition to 1t? How were the students selected?
Why  was no control: group used? | R _ '
Question 1 is an important, research question that deserves careful
' attention. _However, there are no results from this study that address
the ‘issue of "which topics can be.taught most effectively." - This ques-
“tion requires comparisons involving instructional options and none were
involved here. . The very. best that these results prov1de 1s an existence
‘that certain topics can be developed via a calculator. Unfortunately,
the descr1ptions of the procedures are too sketchy to allow the reader to
understand ho. the calculator was used to develop any of the topics.
'The answers offered for qubationa 2 and 3 are/tenuoU> indeed, given the
design and procedures for the study. Answers to Suchrquestlons{ if
definitive‘answers do exist, will only be the result of carefully con-

trolled longitudinal research.

~7
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Miller, Donald Peter. EFFECTIVENESS OF USING MINICALCULATORS AS AN
.~; INSTRUCTIONAL AID IN DEVELOPING THE CONCEPT AND SKILL OF LONG
DIVISION.AT THE FIFTP GRADE LEVEL. (The Florida State University,
“1976.) Dissertation Abstracts International 37A: 6327; April
1977. [Order No..77-8607] : : -

Expanded abstract and analysis prepared especially for the Calculator
Information Center by J. F. WEAVER, The University of Wisconsin-Madiso,.

1. Purgose

' Qne intent was "to determine the effectiveness of using minicalcd—
lators as an -aid in developing the concept and skiil of long division"
(involving two—digit d1visors at - the rifth—grade level) A second intent
was "'to determine how the use of ‘minicalculators in this way will. affect

the prerequisite skills needed for the process."

2. Rationale . )

" "Recent research related to(the teaching and learning of long
division has been concerned prinarily withicomparing the subtractive and
.the distribntive approaches at the fcurth grade level. At the same time,
formal stddiesvconcetned with the difficglties‘encountered in the ccn—.
tinued‘development of the'process'in grade five appear to have been-
non- existent.,. N , '

", . . If the use of minicalculators as .an aid in developing long
division can be demonstrated to be effective, then mathematics educators

will have an additional tool for attacking this difficult process.

3. Researcli Design and Procedures

Campbell and Stanley S (1966) quasi—experimental nonequivalent con~-
trol group design was extended to involve four groups of students formed
by a partitioning of two intact fifth—grade classes

_HE (high experimental N = 12) o1 X, 0, --03'

HC (high control N = ld) . _01 X, | O2 Qs”
LE (1cw experimental; N = 12) 301 | X3' ~v02 | 04)

.

LC glow-contrel; N = 10) ' 01 x4 02 k_o4

re g

v et
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Oi d 02 were identical: a 28-item test, tonstructed and used

origlnalﬁy by Brownc;l (1951, 1953), consisting of seven 'ultipllcatlon'

/

‘ exerci es, seven subtraction. exerc1ses, and 1. d1v151on exercises involv—
. ing ope-digit divisors;-,Scores on 01 were used to partition students in-
each/of the two intact classes into two groups: high (raw scores greater

14) and low (raw scores less than 15); and a flip of a coin decided -

“whfich claas uould'provide the .experimental (calcuiators used) groups,
;with students from the other.class prov1d1ng the control (no calculators
‘used) groups. ‘

Each treatment consisted of twelve 50-minute periods of instruction
~based upon materials developed by'therinvestigator te be consistent‘with a
subtractive-apprdach to the division algorithm, although from all indi—v
cations this was not the approach used prev1ously by students in grade 4
for their. work with one- digit divisors. The "high" and '"low" treatments
were dlstlngulshed on the basis of "'the degree of maturity tc which the

“division algorithm was developéd,' with the two-digit divisors for the

:f low  grov-s being restrlcted principally to those that were multlples of 10.

Instructlon pertainlng to X3 and X was provided by the régular

tlassroom- teachers (each with more than 10 years of teaching experlence)
. Instruction pertainlng to Xl and X2 was prov1ded by an undergraduat:e~
elementary education major who had a special interest in mathematics.
- Three traininy session for the;e teachers were conducted-by the investi-
gator, uith additional meetings scheduled on the rifrh and ninth days
'of the instructional period. l h '
Forfgroups HE and LE, one instructional® pericd pertuining to the
use of a. calculator'(Rockwell 8R) for whole-number.addition, multiplication,
subtraction, and repeated subtractlon was provided on the day following 0l
prior to beginning the instructional treatments.
A procedure was devised whereby ‘two observers (undergraduate studentsi.‘
noted and'recorded.frequency'of calculator use by students in the HE and
LE groups. - ‘

.All teets“iere administered by the investigator, with o, and 03/04
being made on consecutive days immediately following the 12-day instruc-
‘tional period. 03 and 04 rnvolved.lB division exercisea,'prepared hy the
investigater to reflect the_;nstructional delimitations that‘distinguiahed

the high and low treatment grqups."'Groups HE and LE-did not use-calculators
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‘on eitherthe 02 or the O /0 tests.

Data were analyzed principally on the basis of separate ANCOVAs for
._° HE vs. HC groups and LE vs. LC groups, using_O2 and_03 or 04 as criterion_
measures and 01 along with the total mathematicslscores on the McGraw-
Hill Comprehensive Test of Basic Skills, Level 2, Form S, as covariates.

S ("all test items were, graded on the .basis of right or wrong.V)

4. Findings' _
. On 02, no significant difference in performance was observed between

s

) groups HE and HC; however, a significant difference ( a = .05) was ob-
served between groups LE and LC (favoring the former) -

On 03,_no significant difference in pe“rormance was observed between

'~ gToups HE and HC; however, on 04 a signific. . difference ( a = .05) was
_observed between groups LE and LC (favoring the former). ' _

LE students used‘calculators,either to find.orﬂcheck answerslabout
two out of everv three times they were observed; HE students used calcu-
latbrs either to—find-or check answers about two out of every five times
they were observed . In both LE and HE groups, use of calculators to find
answers was observed more frequently in the first day(s) of the instruc— '
tional period than during theilatter days of that. period.

5. Interpretations K

", . . the suprortive use of calculators was-effective in helping
the'experimental_students'to focus their attention‘on the algorithm rather
_than on the calculations involved. It\appears-that the.talculator was
particularly helpful to the students in the low experimental group.
Analysis of. the test results for this group clearly indicated that these
students had a better understanding of the process than did the’ low—
group students who ‘had .worked through the same materials without the qid
of,calculators. This result, if substantiated by further research,
‘Jmplies that the use of calculators, along with materials designed for -
their use, may enable students to learn lorg divisien while they are

simultaneously gaining mastery. of the prerequisite skills."

Critical Commentary

There is no need to discuss obvious .limitations that are associa:ed

beg vy
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with an ‘investigation in which four treatment grouﬁs are formed from two
intact classes at the same grade level within the same school. I'therefore
turn to other things.

a. It is unfortunate that éosttestsrwere resfricted to those admin-
istered iﬁmmediately fpllowing a relatively shdrfw(l%~day) instructional.
period. Would findings have been the same i1f post measures were taken
again after some lapse of time? Or if taken after a longer instructionél
period? ' . . _ '

b. Since groupsfthat were compared did not differ significantly with-
respect to the pre .measures (O1 and the Comprghensive Test of Basic |
SKills), why both to use ANCOVAs rather than ANOVAs? (As well migh: be
expected, on the criterion measures the differences between raw and
adjusted meaSS'were of‘tfivial magnitude, to say thevieast.) The reason
for using ANCOVAs was not explicated by the investigator.

‘e, 1 fai} to see how.the data give any valid information about

‘development of the concept of "long division" and understanding of the

3 4
scores on such tests might be construed to imply a low level of compre-

process. O, and b were measures of computational skill only:. Low
hension; but high scores do not neteséarily imply a high level of compfe—
hension. - - |
d. Although high reliabilipies were reported fbr.the O3 and 04 post—.
tests (KR 20's of .95 and .92 respectively), I suggest that any-reader who
has a serious interest in this investigation should look carefully at
the test items. For 1nstance,.in the case of the 04 post;est for the LE
.and LC groups: Why -are there no items witn zero remainders (as there are
.‘for the O3 posttest)? Why do .only 12 of the 18 items exhibit the princif
npal delimitation placed upon the instructional work for the low groups
divisors that are multlples ‘'of 107 (Divisors for the other six items
are 7, 53, 27, 71, 67, a?d_64.) And in;the,fgse of the'O3 posttest, one
of the divisors is 304. Why?
e, On the 04 posttest (18 items) the mean number of.";ights"'ror the
- LC group wés 3.00 (3.04 adjusted). .The instructional treatment was rela--
-tively inef ective, to say the least, as measured by this posttest It
may very well be that LE would not have been significantly "better" than
LC.on ‘0 if more Suitable instructional treatment had been designed

‘4..__
for the LC group, - Is it possible that certain other i-.structional treat-
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ments also were not as suitable as might be desired7 Or do the measuring
instruments leave something to be desired? '

f. O2 involved subtraction items (7), multiplication'itéms (7)), and
division items with one-digit divisors (14). It is not unlikely that,
akin to Brownell's®(1953) findings, treatment effects might differ
across the three types of items. Miller's use of a single score in
connettion with the- O2 posttest obscures any such differential effect
that might have in fact been present. Similar concern could be expressed
regarding’ use of a single O score to effect the high/low partitioning

g. Is it simply a "slip,' cr is it 2 misconception on the part of
the investigator when Table 3 is titled "Variances of Testing Instruments7"

_Testing instruments do not have variances. .

" How effective are minicalculators as an aid in developing the con—’
cept and skill of long division - involving two-digit divisors at the
fifth-grade level? What effec¢t has such use of minicalculators upon
prerequisite skills needed f~r the long division“process?‘

I would be reluctant” to suggest even tentative answers to these_
questions on the basis'of the reported investigation.l
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Muzeroll, Peter Arthur. "ATTITUDES AND ACHIEVEMENT IN MATHEMATICS
IN STUDENT CHOICE AND NON-CHOICE LEARNING ENVIRONMENTS. (The ‘
University of Connecticut, 1975.) Dissertation Abstracts Inter- S
natic~al 36A: 4233; January 1976. [Order No. 76-1694] :

Expanded abstract and analysis prepared- especially for the Calculatbr
Information Center by DONALD J. DESSART, The University of Tennessee-

Knoxville.

1. . Purpose
The purpose of this study was to compare the attitudes and achieve-
men:s of students participating in ‘student choice and non-choice learning

environments.

- 2..  Rationale

.An unstructured learning environment in which students ‘are permitted.
"to make choices from sets of activities predesigned by the teacher is
"a current practice in many school systems in. the Uaited States. _These are
often referred to as "mathematical laboratories" or "open classrooms" ’
These can be contrasted with-the more traditional, structured learning
situations 1n "which the teacher: maintains a strong role throughout the
learning experience. A study of the effectiveness of these two approaches

is, obviously, a most worthy area of study.

3. Research Design and Procedures

Twelve seventh-grade mathematics classes including a total of 207
students were used in the study. Thesé students came from'a single,
suourban junior high school and were members of the 'r=gular" class;
i.et, students with either very hign or very low achievements were
excluded from the group. The studentsbwere.either members of the student-
choice classes in which they selected activities from seven different
areas (assignment cards, calculators,‘models and tangrams; recreational
mathenaticalamaterials,'graohing, self-paced progress in a regular test,
and programmed remedial or enrichment units), or they were members of a
traditlonal class in whlch a. systematlc study of materials 1n a seventh—
grade textbook was guided by the teacher. The students in these lattér
classes'were provided lectures by the teacher, were assigned homework,

R
\

~were given chapter tests, e.:.

.......

g
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- Whereas students in the traditional classes continued the same mode°
of study during the entire year, students in the experimental classes were
exposed to a twenty-day treatment in the student—choice mode either during'
the fall,'winter, or spring of 1973-74. Mo, student participatad in more
than one, of the experimental treatments. A |

All students were pretested duri ing. the first week of June 1973 with
‘the Dutton (attitude) Scale and Section One,of the Mathematics Attitude
Ihventory (MAI). The'former scale measures attitudes toward arithmetic
computation, and the latr;r scale measures attitude toward mathematicsfin -
general. In addition, the students were tested by the Cooperative Mathe—
matics Test: Arithmetic to measure achievement. . - .

During the 1973-74 year, the attitudes of all students in the study .
were tested five times from the conclusion of grade 6 to the end of . grade 7
Achievement for the entire group was measured at the end of grade 6 and also
at the end of grade 7. AchievemOnt of the treatment groups was measured
‘at the conclusions of the fall, winter, or spring treatments, respectively.
IQ datz\from the Kuhlmann—Anderson Intelligenece Test were also available.

"The attitude measurements were-analyzed.by:a five (the_five attitude
‘measurements) by two (high and low IQ levels) by two (student choice or
traditional) repeated wmeasurements analysis of variance. ‘Achievementn
. data were analyzed by a three‘by two, by two repeated measurements analysis
of variance. The pre and post experimental data for the entire group were

L

analyzed by a series of-correlated t-tests.
4. Find ings _ ) f ‘ ‘
‘.ere were no s1gnificant differences in atiitudes. as measured by -
the Dutton Scale between any of the experimental and traditional groups.
Furthermore, there'were no significant differences in attitude measured

by the MAI for the three sets of experimental and traditional groups

. . tested at the conclusicen of the fall, winter, and spring treatments.,

However, when composite groups for che fail, winter, and spring treatments
'were pooled, attitfides for the experimental group were significantly

gr-ater than the raditional group (p < .05).
A significant. decline (p < .05) in artitudes - toward marhematics was

found for the composite experimental group, the compos site traditional group,

and the total sdmple of 207 students for period from the end of grade 6

A
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to the end of grade 7% It appeared that the decline was less severe
for the camposite experimental group. : _
"There was-no significant difference in mathematics achievement of
the composite experfmental and composite traditional groups. There was
a significant increase (p~<".Ob)“in achievement for both the composite
. experimental and traditional'groups from'the beginning to the end of the

" academic y3ar.

Py
-

5. . Intérpretatibdns ' o ) S

The author toncluded that the attempt to improve attitudes by pro-

viding a student choice env1ronment may have been partially successful
.because the attitudes of the composte pxperimental group did not decline&
as much as those of the composite trad1tional group ‘ Achievements, on ‘

the other hand of the two groups did not differ.. The dec11ne in attitudes - s
for the entire sample of 207 students is a f1nd1ng cons1stent with research .

that seems to reveal that student attitudes toward mathematics do decline

as students progress through school.. ©o0 : o

IS

Cxitical Commentary _ s ° T

This study appeared to be carefully executed and - treated from a
purely statistical pointZof-view. The»usual,limitationslinherent'in much..
of education research (limited treatment intervals, lack of complete '
- randomization, etc. ) _were present to spme extent in this studv.
The study sufféred from some iather serious flaws. For example,
‘. ' the measurement of attitude change for an entire year is commendable,
but to ekpect ruch attitude alternation becuase of a mere. twenty-day o .
_ period is far too optimistic! Furthermore; the measurement'of:arithmetiay"
’ ' achievement in this study seemed xlmost unrelated to the experimental
treatments which prov1ded limited opportun1t1es for computational acti-
vity (for example, tangrams). A design . in which the experimental acti~
>vities ‘would have been taught in a traditional maaner as well as the
txperimental way, using-a home—made test of achievement over the experi- .. .

mental topics, probably would have provlded data upon whlch addftional ‘ .

~ and perhaps more valid, .onclusions. could have been reached d:_ : " B
- ! \ -

).
. R . . -~

[Note that conclusions. specifi..to the use ofvcalculators'could not be made;]

> 2
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‘sixth-, and seventh—grade students.,

mercial companies are not producing softwane commercial materials to'be

. classrooms from each school, were assigned to the treatment groups.
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Exparded abstract and analysis prepared especially for the Ca]vulator
Information Center by JAMES M. MOSER, The University of Wiscons n-Madison.

>

Tl Purpose

The major purpose of the study was to evaluate the effect of using
. ]

’

hand calculators on thelimprovement of basic computational skills and °

oh the improvement of attitudes toward mathematics among fourth-, fifth-, .

2. Rationale : . ' 4 S |

The reduced price of calculators has led to their widespread use. .
TR
Many are being used by elementary age children outside of clags. Com-

used. with hand calculators in .the classroom. Thus, educators are in .
need of more empirical research to help them solve the fundamental problem

of deciding what to do with calculators, and when. The review, of

. literature dealt mainly with studies using non;electronic cal-ulators'

- and their effects ‘upon student achievement and attitudes. Then the few

studies available at the time of writing (1976) dealing with' electronic

machines were cited as well as anumber of opinion" articles. The case

‘was made for more research.

3. Research Design and mrocedures

The study involved summer- school students fyear of study never

explicitly stated, although presumed to be 1975] from a rural district

" school (ll3 students) and metropolitan district school (83 students) in- .

Arizona. About 22 percent were migrant students. Sixteen intact classes, .

eight from each school, were randomly selected in grades 4 through 7
(fourth g: Jders 90 Ss; fifth graders: 4t §sl.sixth graders. 50 Ss;

seventh graders: 15 Ss). Four groups consisting of four’ classes, two

N
/
/
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Control group (49 Ss): lLessons taken from "regular" mathematics &2
_group 2

Q .
program used during previous school year. No calculators.’

Experimental I (45 Ss): Used the Aardﬂark Calculator Math program,

a gset of commerical workbooks covering the basic Operations with
" whole numbers. Problems are to be solved by calculator. Each child

had his or her own machine ‘to use.

Experimental I1-(47 Ss): Used a calculator-invol.ed progran, desigued

by the author and Professor Gary Bitter of Arizona State University,

involving 23 objedtives.on basic computational skills. Using a

diagnosis-remediation framework, students worked on problem worksheets,

upuizlea, games, problem'solﬁinﬂ, and exnerimentation with caIculatora.

In addition. a large number of innovative ideas were suggested to:the_
- teacher. Each child had his or her own calculator, |

Expeiimental 111 (55.§s): Fach student had access to a calculator

for free ure in a random way to check answers or to experiment.
The regular program in use in schools was implemented as in the Control
' r group. ' . )
All classes met’ for 50 minutes each class day with its own instructor
e fot a period of four wecks., Lt was nnt reported whether fhe class met
every day of, the ‘week. e ' : ' "
v Computational skill was measured in a* pre- and posttest by the Shaw-'
'; Hiele Basic Computatipnal Skills Test, Form A, Part 1, "Whole Numbers.l
.The test cbnsisten of\20 items, five each in addition, subtraction, multi-
plication; and division. Attitudes were measured in pre- and posttest
by the SMSG- developea (1968) attitude survey, PX 010 Scale Incentive Code,
n;‘ _ ‘"Arichmetie Fun vs, Dull." It is a four~item Likert scale with fiye
a . choices. . ‘ ® e : Lo ?' ‘ |
na1y51s of covariance was used on adJusted mean gain scores for -each
'of the four groups on attitudes and Lﬂmputational skills.  Pair-wise com-

_parisons were. made between each separate group on each of the two measures,

. - ¢ resulting in 12 tests. Ea:h F ratio was tested for significance at the
: . o E N £ :
.05 level. )
4. - indings ) . . : . . .

Each of the 12 comparisons was stated as a null hypoghesis. Results
“are summarized in Table 1. ’ _ . .

Yo

o ] . - ;
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Table 1 -

Summary of Hypotheses

Hypothesis Number and Descriptionl

Resulta

No significant difference between
"computation scores of . . .

- - ' ) . ‘ ' b .
1. Control group and commercial calculator program . .

2. Control gioup and giagnosis—remediq;jgg calculator
curricuelum. . . ¢ . 0 . i e e e i e e e e e e e e

3. Control group and group using’ calculators randomly.

4. Commercial calculator program and diagnosis-

remediation calculator curriculum . ! . . ... . . .

5. Commercial calculator srogranm and gféup using .
calculators randomly. . . . « « « o v o o . o0

6. . Diagnosis-remediation calculator curriculum and
group ‘using calculators randomly. . ., . . . . Ve

No significant differengce between
atti{udinal scores of . . ,

7. Control group and commercial calculator program . .

".8. Control group and ‘diagnesis-remediation calculator

curriculuml. + v L s e e e e e e e e e e e e et
| :

. ’ i ' Co-

9. Control group and group uging_gﬂlcul?gors_;ﬂn@g@lz:

oo 1

10. Commercial calculator program and diqgnosis—
remediation calculator curriculum ., .

. . . . e .. .
.

. . |
11..- Commercial calculator program . d wreup using
calculators randomly. . . .+ . « + . . . . . . . .

12.- Diagnosis-remediation calculator propgram and greup

using calculators randomly. . 7. o . 0 0 . . . ..

.01

.01

.01

NR

"NR

.01

.01

.01

.01
NR
.01-

.01

aFigures indicqte'level of rejection; XR = not rejected.

b : . :
Underlined treatment is one with greater gain.
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. I Interpretations

‘Gains in basic computational skills and aftitudes of students
towards mathcmatics can be significantly improved when hand calculators
are used. Planned use-of hand calculators in the mathematics turriculum
improues computatlunal sfillkgains and attitudes of students towards

- mathematics. It was felt that calculitors can be"of beneficial use in
the mathematics)curriculuma- Replications were suggested for longer time
periods, with differentrstudent populations, and nith different areas of
mathematical coutent. 'Further rescarch was suggested oniquestions of .
| differential'benefit for thé basic operations, differeances in absenteeism)
and best beginning grade<for beneficial introduction of calculators.
It was -0 suggested that retention measures be taken in any replication.

. i " 3 - Critical Commentary _' .

The study as described by the author has some very serious reporting
flaws. Aside from the mentlon of grade level and location, there is no
satisfactory description of iLhe subjects. Why were they in a summer '

N school? Were they remedial students or were the; there for enrichment? N
Was there a preoominance of one sex? More seriously, one reallp doesn't
know much about the treatments. In the Control group and Experimental III
the only characterization is that it was. the regular program. ‘What is
that7 A four-weck program cannot be the same as a yeal- long one. .Since
one assumes that groups included chlldren from dlfferent grade levels, how
was a seventh-grade '"'regular" program different fromqa fourth—grade one?
Were the regular programs at the rural location in extreme Southwestern .
Arizona the same as thosc of the urban Phoenix area location? The
characterization of Expcyimental III as having a random use of calculators

g does‘not hélp very mu-h.  Did all students use the calculator? Andlhon

" often? Only once or twi.e? Every day? i }

Evaluation 04 data anal ys1s was also difficult to interpret since
oniy the F tables were g1ven ‘no pref or posttest or adjusted means were
presented.':Further data analysis.bylgrade levels and/or by mathematical
operation uould also nave helped to determine plausability of alternative >
hypotheses as to why'one'group performed better thar another. AS an ’
example, ‘Experimental II (the author s own program) performed better than

Experimental III on computatlon. But, Experlmental II had no fourth graders

‘ O . ' _ ) : ) . ) : : . . N
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and predominantly fifth and sixth graders, while Experimental IIi had
almoét ali fourth'gradefs [44 out of 55]. The computation test contained
a sizeable number of items in multipllcation and divibion that a normal
fourth grader would not have seen during the year and would not have much
‘of a chance of learning or mastering in a four-week summer program.
Cérrying out the anaiysis critique a gtep further, one wonders why in the
originél anaiysis as reported the author'did not fir carry(dut a simplg
1 x 4 ANCOVA which would have given more power.

In summary, the’ overall lack of sufficient information and further

analysis makes acceptance of results and findings very tenuous at best.
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Nichols, Warren Elmer. THL USE OF ELECTRONIC CALCULATORS IN A BASIC"

' MATHEMATICS COURSE FOR COLLEGE STUDENTS.. (North Texas State
University, 1975.) Dissertation Abstracts International 36A:
7919; June 1976. [Order No. 76-12,629]

Expanded ‘abstract and analysls prepared especially for the Calculator
~ Infor mation Center by MARILYN ZWENG,- UHJVLFHLLy ol dowa. ' 5

I

1. Purpose

THe‘iuvestigatcr,sought to determine, if access to calculators ic
a college basic mathematics course would improve student achieQement.
and attitude. ' '
2. Rationale
“If the ase of hand-hel.' calculators is found'te improve attitudes
or inCrease achievement . in lcw—level college courses, colleges would .
* have an inexpens{be. valuable aid for making education more effective

and relevant. - .

3. Research Design and Procedures

Two of the four- sectlons of Basic Mathematlcs taught during the Fall
of 1974 at, Northwest Oklahoma State University were randomly ass1gned to
the calculator treatment. Two teachers taught the four sections. Each
- teacher taught one calculator section and one non—calculator sectlon.
Instruction in both treatment groups was the same. Calcclators were not
used in lecturas or demonstrations. During each class period, approxi-
mately 25 minutés was provided for Qorking'exercises in class. In the
experimenta1 groups, a calculator was provided for each student during
. the dirccted stcdy period. Use of the calculator was optional, but
students were' observed to use them frequently. '

- The text used in Baric Mathematics was Meserve and Sobel s Introduc—

ticn to MatJematlcs. The chapters of the book ‘which were taught -during -

the research vioject were "An Introduct’on to Sets", "Systems of Numera-
f .

tion", "Matl. rtical Systems', ''Sets of Numbers', "An Introduction to
Algebra" "An Introductlon to Probab111ty R and "An Introduction to -
Statistics '

A 50-item eramination, ''Math 113 Credit by Examinaticn', constructed

- : : o . AY§
.o . ()
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by the mathematics department of Northwest Oklahoma State Univetsity,
was used as both the pretestuan&“the_posttest. The McCallon~Brown
Semantic Differential for Mathematics Attitude was also administered at
the beginning and the end of . the course. In analyzing the data, ACT

scores, appropriate pretests,and instructors were used as covariates.

4, Findings . .
“ For the principal findings the author reports that thexe were no

"differeqpes between the calculator and non-calculator groups with respect
to attitude towards mathematics or achievement.' Other findings reported
were: N , . "' ‘

- (a) No differences in either attitude or achievement existed between
male students -using calcdlators and female'students using calcu-
lators. - : T

(b)-Students in the calculator group wao had high ACT ‘scores achigved
significantly better than cuiculet. v students who had low ACT
. scores (even though the achievement scores had been adjusted for
the ACT score effect). _6 |

- (e) The adJusted means on att1tude measures were also nigher for the

calculator group with high ACT scores than for the low aptitude

calculator greup.

5. Interpretations

The -investigator recommends that electronic calculators will be more
beneficial in improving attitude toward mat-ematics and achievement in

college mathematics for students with high aptitudé.

Crit.cal Commentagl

The major results of this study are certainly not surprising in view
of the course content and the achievement test. The author claims that
“the-calculator could Be useful in about 60 percent of the course, but an’

" examination of. the achievement test ptovided in the éppendix.suggests that
the calculator would be useful on at most five of the 50 items.  (Note:
;The achi¢vement tes. ltems were numbered from 1 té 29, and the refercnces
to 4-50~item test were very confusing. However, by counting all parts of

the itehs, one obtairs‘a tota! of 50.) Number theory secms to be the only

o
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topic for which a calculator would feduce computational drudgery -- the
intended purpose of the calculator in the course. This study appears
to be a case 6F getting an uninteresting answer to ¢(un uninteresting
question! 4

With respect to the author's.interpretétion of his results, thcre
are no bases for-'making the :c¢commendations nqted in (5) above. 1n order
to say that calculators are "good" for high-ability groups and "bad" for
1ow—abi}ity groups, the achievement and attitudes of high-ability calcu-
1an: g;oups shouid have been compared with the comparable non-calculator
groép. A similar comparison shoﬁld have been made for the two low-ability
'groupé. » , | N | ;

‘ Finally, if should be pointed out that according to the data.provided
in the appendix, the\higheét score 6n the prttest was 34 268 percent on a
50-1item test); the mean score (calculated by the abstractor) was'17.1
(34.2 percent). One must qﬁestion either the quality of the ihstrqction
or the quality of the examination when achievement on a test which also

served as the final examination in the course is this low.



-83-

-]

Prigge, Gienn and Langemo, Janice. LFFECTS OF MINI-CALCULATORS ON THE
PRE- AND CO-REQUISITE MATHEMATICAL SKILLS OF INTERMEDIATE SCHOOL
CHILDREN. Grand Forks: University of Nerth Dakota, Summer 1978.

Expanded abstract and analysis prepared especially for the Calculator
Information Center by ROBERT E. REYS, University of Missour:i-Columbia.

<

1.  Purpose
This research was designed to investigate the effects of mini-cal-

culators on the attitudes and mathematical skills of third-, fourth-,

fifth-, and sixth-grade children,

2. Rationmale

vCalculatora dre very important in the school curriculum and becoming
‘more available every day}' Research on the effectiveness of wmini-calculators
in elementary. schools is needed so that such evidence can guide future

curricular and instructlonal decisions.

3. Research Design'and Procedures —_—

The four-week experimental study was conducted during the _summer of
1978 with 30 volunteers from an enrichment program for third, fourth '
tifth, and sixth graders.’ The students were then randomly assigned to
_either an exoerimental group or a control group. Each student in each.
group receiyed specially prepared naterials'commensurate with‘abilityv
level. The material was designed to allow children to work independently.
All children covered the sane mathematical concepts. A set of materials
de51gned by the experimenter for calculator use was provided for both f
the control and etpcriren al group. The experimental group was -instructed
to use the calculator to do them, whereas the control group was not
encouraged to use calculators even though they were made available at
each child's desk. In an effort to maintain compatibility between groups,
-qeveral'steps uere taken' the researcher and'hie“assistants were responsi—
v ble for the instruction of ‘both groups; the instructional time was constant

across treatments; and a guided disco ory method was used throughout the

_experiment.

e

A pretest—posttest design was used to exam*ne performance on multi-

plication without a calculator anud d1vision without a calculator. An

-~
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inalvsis of covafiauce was used with the pretest éerving as the covari-

ate. Attitudinal ®ita were also collected, but no statistical ar .iyses
other than reporting descriptive: Information was provided; A third B
dlmension of the deslgn lovolved rwo forms of flve ciiterion-referenced
tests taken dpf[ng the four weeks of expcrimentatlon. One form was

taken without a caiculator,,the other with a calculator. With the ex-
ception of an attitude survey instrument from SMS§7 all of the evaluation

instruments were constructed by the researcher.

4.  Fliadings

3 > )
N¢ significant differences (.05) were found between the treatment
‘groups on either the multiplication or division scores. The attitudinal
data showed a very positive attitide toward mathematics at the beginning

of the study, with very little change at the conclusiocn of the treatments.

. 'Pupil's (with and without calculator) scores on the criterion tests showed
‘that as the computation problems became mo-e difficult, the student's
: \ _

accuracy increases wh:a calculator: are used.

5. Interpretations

Voluntary use of calculators versus. required use of: calculators in
doing mathematics assignments had little effect on student achievement on
multiplication or division problems. Furthermore, there was no noticeable

change of attitude toward mathematics among these groups.. On skills‘in

‘'which students have varying degrees of competence, the students have a

higher performance level if they are allowed to use a calculator. This
holds implications for instruction, particulafly for children unsuccessful

in develéping normal algorithmi_ techniques.. °

e - Critical Commentary

The overali design of this-feééarbh*is"satisfaqgory,‘but for & variety

of reasons the study lacks the base for any generalizations or Hefiﬁitive S
conclusions. .In addition to "he limitations acknowledged by the. researclier,

N

the following limitations place severe restrictions on the usefulness of

this research: ‘ .
1. The sample size. A total of only 30 students divided'ipto two

‘groups of 15:each provide the entire data base.
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2. The'uature of the sample. Only :tudents volunteering for this
‘'summer enrichment program participated. Unfortunately, no
other descriptive information (such as previous experience
with calculators, ability, and/or achievement scores) regarding

- characteristjics of these students are provided. |

3. The length of treatment. Twenty instructional session including
pfe— and posttesting ic¢ far too short for monituring education~

~ally relevant changes.

4. The artificial nature of the treatment that required students"
to.use calculators. This practice is not only unrealistic, but
of questionable educational v:lue even in a short-term research
study. A control group without any calculator experinece would
seem much murc practical. - )

5. Lack of observational data on optional éalculatof use. If cal~
culator use is optional, some record of calculator use should
be maintained and reportéd. For example, how often were calcu-
lators used! When were calculators used? What students used

them? etc. Such observafional data would be"very valuable, but

5 B R : ;
o

gf : 6. Ncarly all the observational instruments were constructed by the

none were mentioned.

researcher and no accompanying information related to validity
and/or reliability were providedu .

7. The matheﬁaticallskills cxamined were limite. to multiplication
and division. Unfortunafely, no look at higher order skills
includinq problem-solving processes weré attempted.

8. 'The learning activities provided were very routine computation
and mirror contemporary mathematics textbooks. This raises
‘seribuS'questions regarding the appropriateness of these activities
for calculator use. Athough the exact form of the future
calculator~oriented curriculum is not known, every forecast of

change claims it will.be quite different than the current mathe-

o -~ _matics curriculum. Some modifications could ‘have made these
actlvities far more amenable to calculator usage. -
Qo . ' ' N . Q.
. e
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Quinn, Donald Ray. THE EFFECT OF THE USACE OF A PROGRAMMABIE CALCULATOR
UPON ACHIEVEMENT AND-ATTLITUDE OF EIGHTI AND NlNTH~GRADE ALGLEBRA
STUDENTS. (Saint Louis Unlverslty, 1975.) Dissertation Abstracts -
Internatlional 36A: 4234-4235; January 1975. [Order No. 76-874]

Expanded abstract and analsis preparéid especially for the Calculator
Information Ceater by JAMES M. MOSFR, The University of Wisconsin-Madison.

1. Purpose

The primary purposc of this study was to examir . the effects of the
usage of a programmable calculator upon achievement and attitude of
eighth- and ninth—grade algebra students after the completion of a one-

year course in algebra.

2. Rationale .

The virtual "mathematization of culture" in the past twenty years

has been greatly-accelerated and inteénsified by the evolution of electronic

"devices. In the field of education, one emerging use of these devices

is computational and is.a means of simulating concepts within the present

curriculum. The NCTM and the NASSP have endorsed the,use of calculatcrs

. in classrooms. Programmable calculators have many of the features of a

cpmpﬁter, but do not share its high cost; they have a language that is

_ideally suited for instructional purpoées where algeBra_is an underlying |

base. A well-written review of literature surveyed relevant studies in the

areas of calculators, CAI, and attitude-achievement.

3. Research Design and Procedutes

' The study was conducted during the 1974-75 school year in a suburban-

St.. Léuis, Missouri school district. All eighth-grade honors.students

and a sample of ninth-grade students from‘two.juﬁior high schools in the

‘district were the subjects. Students in one school (51 eighth and 54

ninth graders) were designated as exparimenta], and those from the cther

"school (21 eighth and 58 ninth graders) as control. The one school was R

designated as experimeqthl because it had a. Monroe lBBO,_ClassmateIV
programmable calculator available in its “athematics laboratory. Intact

classes were used and ninth-grade calsses used were randomly chosen.

ST e . . ~ . 2
. . .
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Modern Algebra Structure and Method (1570), published by Houghton Mifflin.

" The treatment consisted of methodically incorpurating the coméptational
and programming capability of the pregrammable calculacor inte the normal

" instructional program. Special emphasis was placed on evaluatio; of o
univariate and multivariate expressions, solution of liinear and quadratic
equations, and the solution of two-by-two systems of equations. Afier J
showing prof1c1ency in working paper-and-pencil problems on a partiCular
topic, the class usegh_mark-sense programming cards to prepare programs
related to the t.pic being studied. Each student processed hi or her
own programs. Existing.puﬁi] data were used as covariates --- the Short
Form Te<* of Academic Aptitude (SFTAA) given in'fifth grade and ithe Com-
péehensive Test of Basic Skills, Level 3, Form Q (CTES) given in sixth_
g;ade. The criterion measure for algebra achievemeet was the Cooperative
Mathematics:Test: Algebra‘I, Eorm A-(KR—ZQ reliabilities for eighth and
ninth grades, .86 and .85 reeﬁectively)‘ Mathematics'attitude was

"  measured in a pre- and posttest by the Mathematics Attitude Inventory (MAI)

developed at ‘the University of Minnesota. The MAI is a 48-itém inventory
(si# scales with eight item: per .a'e. - The six scales are (1) Perception
of the Mathematies Teacher, (2) Selt-concept in.Mathematics, (3) Value of

: Mathematics in Society), (4) Anxiety toward Mathematics, (5) Enjoyment of

__Mathematics, and (6) MétiVation in Mathematics:: fhe'MAI is a four—respbn’e ‘
leert scale. In the spring, the MAIL posttest was glven on the day prlor
to the admlnistratlon of the algebra achie. ment test. ‘ »

Separate analyses were made for eighth and.ninth grades. For each
grade, 19 null ﬁ&potheses were tested, each at‘the .05 Tevel of significance.
One h}pothesis dealt with comparing: final achievement betweeﬁlexperimental
and control; the other 18 dealt with attitude. For each of the six attitude
kscades, three hypotheses were examined -- change during the period of the -
study for the experimental, change during the period of the study for the
control, and a.eomparison of experimental and control at the end of the
study. Comparisoﬂs were examined using analysis gf eovariance?\ Changes
were examined using a t—test,-one—Lailed for experimental group changes

and two-tailed for control group changes.

4, ﬁindings

There were no significant differences in algebra achievement between
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_groups at either grade level. Of the 18 attitudinal contrasts made for
eighth graders, none resulted .in-a significant difference For the
ninth graders, 5 of the.18 contrasts resulted in significant differences:
On the Anxiety toward Mathematics scale, the experimental group made a

' significant change for the betrer and the experimental group exhibited
a higher score at the end than the- control group On the Value of Mathe-
matics in Society scale che control group made a significant change for
the worse. On the Self-concept in Mathematics scale, the control group. had
a significant loss over timeland the e%perimental group exhibited a

higher score at the end than the control group.

5. Interpretations

On the basis of the findings, .the use of a programmable calculator

as an aid in teaching algebra~at the eight and ninth grades is not\justi-.

fied in-terms of achievement. No claim of superior attitude can be made

for eighth graders, although the results are somewhat mixed at the ninth

grade.. Anecdotal evidence supplied by teachers suggest that attithdinal
evidence may be suspect_because of pocr timing of the administration of .
the test during'the last (and warm, humid) month of the school year.
Further research was suggested. in other areas and levels of mathematics ¢
1nstruction, witn a larger, sample, with contrasts of programmable, non-

programmable. and no calcudators, into highen levels cf covnltive behaviur

and other attitudinal dimensions - ' o T

Lritical Commentary | : ' {L‘

There are several points cf concern. In.the thesis -.pdrt, there Ls
-— a severe lack of description'of the eﬁpgrimental treatment._ The amount = '
of actual time spefit on programeing and interacting with the calculator
'v:ishould be documented, at leastlin terms of percentages of actual engaged
time Next, I would question Lhe selection of the attitudinal measure . .
-'Six separate scales seemed to contribute very little except for data- ”tﬁff‘v\
analysis overkill. Finall), when the null hypotheses for the control group,_;_.;ﬁ
and the experimental group attitudinal changes over time nre worded exaﬂuly:‘

thes'same, I questioﬂ the propriety of using different statistical Lests o

.0f significance for those hypotheces Given that there was,only ona cal— .

|

' . o

A . . ) ) . ‘-. e . .,.1.1
‘ i
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culator reported as existing in the experimental school . wai.:

five clagses were jnvolved, . wonder whether this was rv- - a

1at&£\8tudy at all, or rather one dealing.with prograumin. .
.. .

\\‘

(v

L3

h
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Rudnick, Jesse a. and Krulik,vStewnen. THE MINICALCULATOR: .-&I#ND
OR FOE? Arithmetic Teacher ’'3: 654-656; Decamber 1976.

Expanded abstrac' and analysis prepared especiall for the Calcarutor

Information Center by JAMES J. HIRSTIEIN, Universi - of Illirmois,

9
1. Purpose
The stated surpose was ''to mzasare the effw” >f the = vailability
ind use of a minicalculator on th:- -zudents'.tot . mathemazics ackieve—

ment and their ability to perforr -ider~and-penc:l basic skilils.” A
second purpose ~as to assess partent attitudes t ward children's use of

calculators in zznoo0ls.

2. Rationale
Most calcu_.itor opinions are based on smal -sca = rese«--h. Some

large—-scale stucies c” the effects of calculatcr use need te ye done.

3.  Re-wsarch Desizn and Procedures

Tk~ 2xperimenT waisconducted using 600 seventh-g-:de gtiudemts ir two
schoolsi West Chester, Pennsylvania. Half cf the sruos=> Were randomiy

selected it t:  beginning of the school year, givén a czlrumlator and a

L]

three~-da st~ ofion program on its use, chen put "on cthe. owm” to us.
it all =... . The other half of the students served as 1 control,
At ——ude .—d overall mathematics achievement measures (1 der:Tibed)

were giwe 4 sretesis. Alternate forms were given In- Jamudry and post~
tests were adm:nistered 1in Juné. One achievement pasttest illowed the
use of ca'culatsrs, another did not.

A parent -t ionnuire was distributed curing the Sulme P! Or 10
the experiment . assess parént attitudes regarding -alcu.aiv” s$e .n
schools. ’ ‘ -

~

4. Findings

The resulz - >f/ the parent questionnaire with 60 percent responae
rate are given 1 the report. Most questions got mixed react: ns, vitin
no cleaf‘major‘;; favoring one response on questions involving preszicr . on

of overall per:ormance or permission for calculator use. A cleasr =m rity.

(l)‘

: Sy
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feared calculator depenuence and a clear ﬁajofity felt the school should

/
provide in?truction in calcu._ator use.
schievement dwta. analyses were not complete, but a preliminary
look indicated no #i:fference tetween the two groups. No report of
attitude result:s i. ziven. I '
j
/
5. Interprer :tioas

Overall achievement, inclunié the abilify to perform paper-and-

Cricical Cmmentary

The instruments and the critical results are extremely sketchy in
this report. The erfort to conauct researcﬂ on a larger-tﬁan-usual
scale is -ommendabl.. However, in the absence of the hard data needed
Tt answer the questions addressed, one would‘héve 1o say this report ié

Eremature.

Z
-

pencil aigoricms, did not suffer from calculator'availability and use.
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Scandura, Alice M.; Lowerre, George F.; Veneski, Jacqueline; and
Scandura’, Joseph M. USING ELECTRONIC CALCUTLATORS wiTﬂ‘ELEMENTARY
SCHOOL CHILDREN. "Educational Technology 16: 14-18; August 1976.

Expanded abstract and and1YbIS prepared especially for Investigat ons
in Mathematics Educatjion™ by CHARLOTTE WHEATLEY and GRAYSON WHEAILEY,
Purdue University. Permission given to the Calculator Information

" Center to use.

1. Purpose E

The purpose of these studies was to.study calculator-assisted
learning of mathemaplcs by elementary school pupils with attention to ‘
computatioo, problem solving, motivation, instructional methods, and
applicability to certain :-opics. Some of the questions asked were:

(1) Wﬁat is the eftect of calculator availability on the motiva-

tion of young children? -

(Z)L Can five—year—oids profit from the use of calculators?

(3) What,topics car. be taught more effectively with a calculator?

(4) What implications does the Calculator.hold.for problem solving?

2. Bationale

Because the small electronic calculator is becoming inexpensive and
available, the authofb thought it 1mportant to explore 1ts impact on
ckildren's learning of mat?ematlce. These studles were not conducted to
test hypotheses but to genprate hypotheses and to explore the fea51b111ty
of calculator use with prlhary school pupils in learnlng mathematics

This drticie reportsd#he results of a set of five feasibility
studies: None of the stu ies employed experimental controis or compara-
tive statistics. The conclusions are based on observatiooal data.and

pupil reactions to calculator use.

3. Research Design .and Procedures

In a series of five exploratory investigations, pupils of aged five
to nine used calculators in learning mathematics. The number of class

sessions varied from eight-to thirty-two. In experiment one, two groups

* 1Investigations in Mathematics Education 10: 43-46; Fall 1977.

15



O

ERIC

Aruitoxt provided by Eic:

-93-

. P
yeér—qlds studied érithmetic; one with c2zlculator . e other
ity in 15 lessons of 20 minutes each. Th- children i1 ::- mon-calcu--
ldhs grooup made extensiQe use of manip:-lative wr erials. similar .
romyar -on of calculator impact was made with :ive——yvear—oi in 30
Jogu jeven—year—qld children solve. )St prociems en - aitered ih
shopp .z (e.g., amount of.change when se. -al items ar- pi  hased)., -
“his ur:- was eight'leésons long. In a -..rt.. studw, -ive car-clds,
. varne. - use : calculator either by fr:- exploraz-m= - posgition.
‘Y. z.scovery group; the pupils learnez -v tria.—and—r > pushing of
. .e the exﬁoéition group wa- exp. -:ily tau’ .t =he nction of
Vi a feasibility study with five t —i- and - »urvh-:srae children,
.T of topics thaﬁ might-effective;j b tawgt wi:h ., wmlculator .
a: sduced in 32 class meetings of 3u-20 mir Ceal”
. Fin.ings
“Ye authors f@ﬁort their 6bservations :f the diffe. -uxas 1n the
val.cu. or and non-calculator groubs.t No merformam. : como ..sisons were
ot . ive- and six~year-old children wer obse: set =0 5o sighly moti-

ile centrol

1ef 20 study mathema;ics (typical grade-L=vel topics), =
5 pupils were not motivated .by the mati@matics or the .se of manipu-

»g. The high interest displayed by t. . cal. lator group was sus-

ver the entire period of use. Tie child=®% using calculators

¢35 distracted, displayed longer a=in«etion »>ans, and worked in-
= ..ly, the non-calculator

- terezly for long periods of time. Comr ..
v ¢ .d not Zisplay interest, were cor ® d bv the manipulatives,

‘R
owea little imagination, and waited fo- icher direction. i #/

The five-vear-old thildren preferre: ruskzop calculator with lafge
aildren taugnt by expositorj
-Ttec problems, while;a'gro P

en-yvear-old children were

~_ay and keys. - A group of five~year-:..
2thods to use a calculator could solve rre

.lowed to explore calculators could not. .
or- highly motivated and more successful in - roblem soiving than children

nt using calculators. Eight— and nineyear-o 4 children showed marked -

w.:thematics achievement gains over a 10-wesk p-—iod while using calcpla-

rs; some had more than a year grade-leve gai: in computation, copacepts,

.5 applications. The ctalculator was reporzed as being highly sucgessful

n motivating and assisting these children in learning mathematicg..

/

/

‘ /
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Interpretations

The guthors conci' Je that the learning of mathematics is facilitated '’
b the use of calculzr -s. Specifically they suggest that: o
(1) place valu. whole humbers and «decimals), negative n-mbers,
decimals, ‘actoring can be :aught more effecti with
a calculater, :
(2) problem-so! s skills can bev;reatl} nanced threusr use of
calculator-
’ (3)< the standar. mathematiés curric um ¢ .= be expanded —o i..:lude
use of number- of greater magn fe.
(4) estimating -xills, negative numw and decimals camz b~
introduced -t a much éarlier t
(5) computationil skill may. be en*~z . :hrough calculazor .. c:tice.
Critical Comr - :ar
This article repu:ts five studies - .ich « -2 designed to ex: .cre
the effects of calculctor use in learni:_: matbouctics. The rest  « are
burely observatjional w:th no attempt t« terr .ne achievement ¢ icrences.
There is a definite place for explorator/ stwdzes in mathematic education

research. Properly Z2signed teaching e. . zrime=rs can lead to t'# identi-

fication of hypotheses for further stuc

menter to understand ie thought patter—-

<

"teaching experiments ¢in also lead to t==z

However.

materials. t1is .report contains

the interpretation ! the results stated.

They may allow the:zzteri-

¢f children. Results of
development of curriculum
insufficient informarion for

In the first study, no details

~are given on- (1) th. mumber of subjects, (2) the size of instructional

groups (Was the inscri :tion in small groups?), (3) .method(s) of instruction,

or (4) the number of calculators per group (Did each pupil have a calcu-

lator?). Yet the authors conclude, based

on observation, that the

-calculator-assisted learning was vastly superior. Care.must be exercised

in interpreting and utilizing findings based solely on the impressions

of the experimenters. Additional detail would have'provided the reader

with the necessary information to interpret the conclusions.

While the observational results favor the calculator groups, no com-*

parative performance data were reported.

It is possible that the non-

calculator grbdp, appearing less motivated, may have achjieved more. No

o 18
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. ‘ //
assertag- r is being made that this was; in fact, the/case in this study,
but the - ssibility must be considered. . .

The .ow interest level reported for pupils usin ménipu}atives
ils not ir agreement with numercus studies which hav established the
motivatiznal value of manipulative materials. One is led to suépect a
teacher-+ias effect against the non-calculator group. '

The study with cight- and nine-year-old children had only five
subjects The authors chose to report achievement test results on only
three o:  1ese five subjects. Why only these three? what were the scores
tor the ner two?  The practice of selecting data to report is highly
question. ‘e. The number of subjects in the other four studies is not
reported - _ _

The  tudy (omparing "discovery and exposi ibn"‘teaching.strategies
was poor v oconceived.  To give five-year-old children calculators without -
any dir. tion nnd'oxpect them to "discover'" calculator logic is unreason-
abl. While it may not’ be neceésury.to teaéh nxplicitly each key function,
at :icas: -hildren need suégested activities to incorporate the calculéfor
as a to | in their thinking. A better test of the discovery approach
would b to teach children to use calculators and then let them explore.

' It is quite clear that the Authors'were very impreésed with the
adyaqta;es of calculator use‘in learn}ﬁg mathematics. While the calculator
hay be valuable new instruétional 5id, the ;oﬁal effect of calculator-
assistec instruc;ioh must await moré careful evaluation. We do not

often find panaceas for the problems of education; it is doubtful that

the.calculator is one.

J
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Scandura, Josebh M.; Lowerre, George F.; Scandura, &#- 2e M.; and
Veneski, Jacqueline. USING ELECTRONIC CALCULATZ%.° WITH CHILDREN
AGES 5-7: FOUR MINI-EXPERIMENTS. School Sciexc= zmd Mathematics
78: 545-552; November 1978.

Expanded abstract and aralysis prepared especiallv : = the Calculator
Information Center by RO3BERT E. REYS, University »= Missouri-Columbia.

.1. Purpose

An investigation to explore ways in which electronic calculators
could be used with children aged 5 to 7 and to stufy some short-term

. effects of their use.

2. Rationale

The availability of low-cost calculators is certain to have a major
-imﬁact on schools and the mathematics curriculum m particulér. Inves-
tigations of contemporary K-2 mathematics topics that are available.to

calculator. usage are needed if future curricula are to reflect this

botentially‘powerful tool.

3. Research Design énd Proéedures ‘
‘ Four quasi mini-experiments conducted during the summer of 1975 are
described. _ '
Study [ iﬂvolvéd six—year—olds and coqpared“computation performance
with and without tﬁe‘calcﬁlator foiiowing a séries of:15 lessons
of about 20 minutes each. _
Study II made c;mparisons similar to Study I but involved five-year-
olds. Instruction was on readiness éctivitks and ipvol&ed 30 |
v | lessons. Hand—hgid calculators were used until roughly halfway
through the study, when a larger desk-model calcﬁlator was élso
provided. ' ' |
Stuézﬁlll inv.lved se¥en-year-olds. It compared problem-solving
performance in practical application situations with and without
the calculator and consisted of eight lessons of 20-25 minuteg‘eadh:
Study IV involved eight 1eésoﬁs'§ith fivef;ear—qlds; It was designed
to determine the relative éffécts'of specific instructional‘lessons
using a calculator (expository) as contras?ed~with an bpeh-ended
exploration using é calculator (discovery). |

\

’l'n‘
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4. Findings
Descriptive.results are repor:ed exclusively and reflect general
observations of the authors, Only some of their commentary follows:
. Stq_z_L The calculator group was highly enthusiastic, showed
what seemed to be an increased concentratlon span, worked
T 1ndependent1y, and enjoyed making the1r own problems with
large numbers. Monitoring whut the chlldren were doing with
the calculators was often dlfflcctt, even with a small group
of four children. The non-calculator group took lnuger to
‘get onLtask,igot bogged down'fofming numerals, and were highly
dependent on teacher directionqj
Study II: Reported results compatible with Study 1. Moreover, the
childrenm in the calculator grdcp seemed to prefer the desk model
of the calculator due to thc;ease in both reading and finding
the keys.
Study III: Reported discernible effect on motivation with the.non—
" calculator group showing little enthusiasm for these practical
applications. . /
. Study IV: Reported signs of‘trustration in discovery groupszhwith
‘children making inefficieﬁt-use of the. calculater and wanting
some srecific direction. !

t

5. Interpretaticns

Calculators provided a constant motivation, irrespective of the
child's age, previous mathematical cxperience, or ability. ~Children
using calculators showed 1onger attention spans, were more creative in
forming new problems, used free.time.fpr calculator activities, and
completed assighed tasks in less time and with greater accuracy. Indi-
vidual dlfferences are magnlfled by . electronlc calculators, whlch
places an 1ncreased responsibility on the teacher to monltor the acti+
vities. [n -egard to the mathematics curriculum, it is suggested
that incrgased emphasis be given to estimation, place value, and problem

solving.,/

7/ C P -
Q ‘ / r
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Critical Commentary

Under no circumstances would this study be considered a quality
plece of research. Its flaws seem limitless but only a few wlll Lu
identifled. [ts saving grace Ls' tts pragmatic nature and the hope that
it would‘encourage more classroom teachers to engage in careful obscr-
vation of childran in 4 variety of learning situations.

Four different studies are reported, but no rationale for this
organization and design was given. §o overall or theoretical fiame-

o

work for this particular collection of studies is described or even

3

suggested. Nc¢ rationale for the particular model of calculator used in

these studies is provided.

What about the:sﬁbjects in the studies? There is no mention as to
how these spbjects'wére chusen. Although their ages (between 5 and 7 years)
are reported, no background data renarding individual characteristics
such as ability are provided. In fact, the number of chilgren involved in
each study was not reported! Furihermore, the short duration of- the
studies (a,summer with no follow~up) places additional restrictions on any
interpretations, generalizations, and/or implications offereo:

What. empiriecal evidence was provided to support the findings? N-
objective measures of any type were reported, élthough comparérive state-
meﬁts such as "'achievéd greatef mastery', ''made more specific\mathemati—
cal gains", ¢r "a discernible effect on motivation' were madei Without
some support inform;:ion, the reader must rely totally on the judgments
of the authors. ' _ -

What about the reliability and/or validity of the observational data?
How objective énd/or subjective were the authors? (This issue becomes even

more critical since this research was supported by a private calculator

'company.) What specific.observational techniques were used? Actually, all

of the reported results rely heavily'on observational data. This style
provides a freshness laéking in many reéearch studies, but it also fequires
carefully established and clearly defined experimental procedures if the
1esults are to be meaningful.

' Some further questions raised but no:. answer~d in this report:

Studi I: 1. Why did the calculator and non-calculator groups both
use the calculator for the first two lessons?
2. Why weren't concrete méterials'including‘the calculator

also used with the calculator group? o

N

1 ¢,
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Study II: 1. What does it mean that "emphasis was placed on
readiness activities"? Some 30 1eésons were given
but readiness activities were never operatibnally
défined. »

2. Whar specific mathematicaligains were made? (Com-

putation? Concepts? Applications?)

wn

tuay III: 1. What were the nature and emphasis of the problem-

[

solving lessons? Was there an instructional sequeﬁce
that alerted children to dlfferent problem—soiviug
strafegies, including one-, two-, and multi-~step
prob’ems? ' ‘ _

2. Was the same treatment used Qith both groups? For the
non-calculator group it is reportéd that the teacher
did the calculations (i.e., served as the_cainulator).
iln.this abstractor's judgment, this setting is so '
aftificial that it lacks appeal and would provide no

motivation.

Q

3. Were any rasul. © * ... to problem-solving performance
available? T... . - there differences in the
2 _ processes used, nuut..- ‘. different- solutions, persis-

tence in seeking soliutions, as well as the number of

o

corrert solutions? .
Study IV: 1. Why is the discovery label used? The nature of these

. ‘ - lessons is clearly guided discoveryg the only question
being the amount of guidance providéd. Evén the
‘amount of guidance given varies aﬁong'lessons.

2 Why-compare discovery versus exposition presentations:
with five-year-olds? .This sugéests a clear dichotomy
that is not supported by current’ instructional practices.

In thié abstractor's judgment, the Qalué of this paper lies in its
pragmatic nature. The' classroom impl;cétionsvprovide helpful sﬁggeétions
and insightful .commerts regarding calculator usage with children. Several "
approprlate curricular- implications were offered, but conspicuous by its
absence was any mention of decimals. . This report includes many helpful

obscﬁcatlons'Qut unfortunately lacké in specifics related.to theoretical
sgructure, éémpie, treatment, data collection, and analy;is. It defied
- feplication and pérhaps tﬁat's the way it should be. .
ERIC - I S '
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Schafer, Paullne; Bell, Max $.; and Crown, Varren . CALCULATORS 14

SOME FIFTH-GRADE CLASSROOMS: A PRELIMINARY 1.OOK!: Elcmcnturz
School Journal 76: 27-31; Octgbor 1975.. :

Expanded abstract and analyqie prepared especially for Investigations
in Mathmatics Education™ by JOHN E. TARR and JACK D. WILKINSON,
University of Northern lowa. Permission given to the Calculator
Informatlon Center to use.

1. Pu*gose
The primary hypothesis 1nvest1gated was that pupils who had briefly
explored calculators would do better on an arithmetic achievement test

than pupils who -had not explored calculators.
2. lRationale '

‘The;study was intehded to begin exploration in the use of electronic
calculators in the classrooms, éd make informal classroom observations,
and to generate some hypotheses (especially on achievement testing).

The writers report that thus far there are few research-based answers

-

- to questions related to classroom use of ‘calculators.

3. Research Design and Procedures

.The study compared arlthmetlc achievement .scores of two ‘groups of
pupils -- an experimental group and a contro& group. The ingquiry was
conducted'in Aprfl 1974, in five fifth-grade classrooms of the University
of Chicago Laboratory School, Qhere the pupils are predqminantly from -

“middle- and upper-middle-class families and generaliy score above the
.natiohal norms' on standardized tests: Three classes (69 pupils) served .

as the excerimental group; two classes (46 pupils) served as the control

group. °

Tupils in the experimeﬁcal group were given calculators to explore
for fifty minutes on each of two days. They were given problems'to:do
and were encouraged to ask questlons about the calculators.

- " yThe Mathematics Computation Test (distributed by the Educational
Testing Service) wa~ "used as both a pretest and a~posttest. Each' item

v

v :
K . . A

* Invescfgations in Mathematics ‘Education 9: 44-46; Spring 1976:

G
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was categbrized as either a calculator or a non-calculator example.‘ Thus,
an administration of the test yielded three scores: (1) the whole score;
i.e., the number cf examples correct on the entire test; (2) thezcalculatcr
score; i.e., thée number of examples correct that required either the use

of some additional information or a two- or three-step computation;

(3) the non«calculator score; i.e., the examples not scored for the
calculator score.

Form A of the test was given in February 1974, and used as the
pretest. Form B of the test was given as a posttest about a week after-
the experimental group had its two~day calculator experlence in April 1974.
.The pretests showud no significant differences between the control and
exncrfmcntaI groups on any of the three raw scores. The posttest data-
were summarized'end a t-test used to examire the differences'in the

3
means.

. 4. Findings
' The postteést results for calculator and non-calculator examples are

glven in the following table

Tybe. Number e

~of : o . of Mean  Standard
Examples ) Group . Pupils Score. Deviation ‘t
: Experimentala: 69 22.91 1.78 ek
Calculator _ ‘ - © v 4.204
: : Control . 46 20.96 3.20
. 3 . - ,
: N Expérimental 69 17.71 5.61 _

Non-calculator:. ' ) N 1.269

Control . 46 18.98 °©  1.27

. .
Significant at the .00l level
+ Not significant

There was no~d1ffercnce reported between' the groups on the pretest
whole score. _
T partial scores for the groups show a highly significant difference

in favor of the cxperlmcntal group in the performance on calculator
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examples. On'non4calcu1ater'examples the'performance of the experimental

group was not statistically different from that of the control group.

5. Interpretations

Pupils using ealculators answered more og_the calculator exarples
than they would have without them. The use of calculatprs may nelp on
examples where calcnlation is the main issue.

There may_be some loss from trying to use calcuators when they are
not appropriate. The performance of the experimental'éroup was poorer
than that of the control'group. Perhaps the pupils in the experimental
group depended too much on the calculators. J '

Pupils made few attempt to estimate answers, even to the proper order
of magnitude. This skill is almost essential if calculators are to be
used effectively. . .

Cur1051ty ran hlgh and 1nterest in 1earn1ng add1t10na1 mathematlcal
content was keen. In the classes that .were 1ntroduced to calculators,

motivation and interest were boosted ‘substantially and puplls generated

many questlons that could easily have been exp101ted to begin a series of

.,,

- Crditical Commentary . ‘ : , NN

There is little question as "to the need for action and developmental

research. dealing with the role and use of the hind-héld calculator in

—

researchers and quéstions for current practitioners.
The fact sthat preteat data were niof reported created some question

in the way the data dealing_withhnon—calcnlator exanples were interpreted.
‘The writers'infer that this non-significant difference may be in—: ot

terpreted to. mean’ that.'perhaps the pupils.in the experimental group

depend too much on'calculators." Later they state that, there may be some o

loss from tryjng to use calculators when they are not appropriate. How

~

reasonable is it to make these 1nferences when the treatment and control

groups may have varied -that much on "the pretest?

The nature of the treatment was not clear. The writers state that-

‘the experimental group was given calculators to explore and that. "children

were given problems to do and wenieneouraged‘to'aﬁk questions about the
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" machines." Some additional informat on regarding 1nstruction would have
been helpful: Would the nature of the instruction, type of examples,
\and problems be the most 1mportant variable in any study of thi: sort?
The study suggests implications for further research. One slight
variation of the study would be .to consider four groups: (1) Calculator
experience; pencil and paper on test; (2) CalCulater experlence; calcula-
tor used on test; (3) No calculator expe_ience; pencil and paper on test;
T (4) Nc-calculator experience; calculator used on test. This study
considered'groupsv(Z) and (3); another study could ccusider all fcur.
“‘ "““Other/questions for further research include: If the use of calculators
" were more thaa simply a two—day exploratory eVperience; but rather a
 one-~week, structured experlence us;ng materlals written specifically for
the calculator, would even greater d1fferences in scores pe found? If
materials were used with calculators-ln which <«common d1ff1culties were
encountered and pupils were sens1t12ed to these difficuvlties, would they
then perform better on the non-calculator examples7. Ar: the hlgh-lntetest
”: aspects of caiculator-usage lasting effects or short-lived effects '

Perhaps of greatest importdance is .the quéstion, do pupils with calculators

better learn mathematical concepts and sklll7

-
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Schnur, .James 0. and Lang, Jerry W. JUST PUSHING BUTTONS OR LTARNING? .
—— A.CASE FOR MINICALCULATORS. Arlrametic Teacher - 23: -559-562;
November 1976 - . ‘

Ezpaiwded abstract and nnlysis prepared~qspecially forltne Calcu.iator
Information Center by DENNIS ROBERTS, The Pennsylvania State University.
. - ]

1. Purgose. h o . |
_ The purpose of the study was to seek answers to the'folloying ques-
tions: ) ’ _ j: | _

a. WOuld controlled use of calculat rs imcrove the mathematical
‘compuatational ability of elementary school children and “transfer
to situations wher: calculators could not used?

b. Would there be different degrees of calculator effects.depending
on the sex of the children7 § | ) '

c. Would there be differential degrees of calculator effects
depending on the ethnic/economic background of the children -
(migrant/non—migrant 'status)? |

2..'Thationale'_ ; ‘

. No.rationale~or research predictions were offered concerning the .
expected outcomes Several references were cited indicating that some ‘
authors had suggesteéd reasons why calculators should have positive 1mpacts,

while other authors had spoken out aga1nst the use of calculators in the

»schools «

3. Research Design and Procedures ' ' v

The research study took.place in Franklin Elementary School in Mus-
catine, Iowa during the summer of l975.v'The.sample consisted,of 60.stndents
' enrolled7in a conpensatory summer program... “wenty-five of the 60‘stud£nts
were classified as dependents of migrant parents. Males amd females
were first randomly aSSLgned to four classro ms as were the migrant/non-
migrant children Following this, two of the four classrooms were ran—.
domly designated as experimental (calculator usage) and the other two
were classified as the" control (no ‘calculator- usage) . '

‘During ﬁhe one~month, program, 1nstruction to all four classes was the

_same with the»exception of the use orﬂnon—use of calculators.. Classroom

@
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1. . L

exerc1ses focused on the four bas1c arithmetic operatlons using WhOl&u
numbers from both standardized curriculum material and teacher-c ons*ructed
material. In the e perimental classes, students shared the use of-

eight four function‘calculators. One experlmental class used all eight

of the machines, followed by the second exoerimental class ‘using- all
EIguL. The experimental teachers f1rst taught students how to operate

the calculators and mhen made ‘sure (by logg1ng time on a time sheet)

each student used a Falculator for a minimum of 50 minutes per week

. Btudents were |shown how,to use the calculator for verifying answers‘to

problems worked first:by hand and how to solve actual problems'(about

one~-third of the practice exercises). All students were'pretested with

: Form Al of the Individualized Comoutational Skills Program Computational

Test. 3=4 (pup ishéd by Houghton Mifflin) and posrtested with Form B

of the same test. Students in the exper1mental groups were . not allowed'

‘to use calculators on the posttest. Reésul:s were “analyzed using a ~

three factor analysis of variance -~ the factors be1ng calculator usace,

. sex, and migrant stitus. 1

-

4. Findlngs B . - - f o
A table of means uas not presented for descriotiue purposes. The
resultyg of the analysxs of variance showed a 51gniflcant effect for
calculator usage - that is, those who used calculators during. instruc-
tion performed better on the posttest even tbough they did not use
thc]calculdtor on the test 1tself Neither sex nor migrant status

showed significant e ffccts nor were any of the, interactions signlficant.

5. ‘ interpretations . ' o . e

] Nu interpretatﬁon was offered as to wh& the experimental group per— -
formed better on-the posttest. The.closest thing to an interpretative

statement was the comment that the results seem'to‘indicate that calcu-

latbrs could be-integrated intQ such a program ifi a positive way.

Critical Commentary

’ It is difficult to interprct the results for several reasons. First,'

Lhc‘fuct that therc'waa no sex ditfference found 1eaps onc to be somewhat

susplLloub of. the data. - In generar, males do better than females on
. . ‘( N

»_'»- ' LA

£
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such tasks. Second, there was no discussion concerning how teachers

were.aésigned to the classes, thus allowing the interpretive pogsibility

T

that the experimental group teachers were more’favorable (and perhaps

provided extra assistance) towards caléulator usage. Third, and by far

the most important, no theoreticalibase was.offered on which to place -

the results in context. In what sense should a calculator be bene-

Eicial to students' learning of computational skills.that would allow

thém to perform computations better even when the calculator was not
available? It would have been very helpful if the authors had presented

an explanatory link betwees the findings and some rationale.

o

T
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Shirey, John Reginald. 'THE.EFFECTS OF COM~'"YER~AUGMENTED INSTRUCfION
"ON STUDENTS' ACHIEVEMENT AND ATTITUDE: (University of Oregon,
1976.) Dissertation“Abstracts .Internazional 37A: 3386-3387;-
December 1976. [Order No. 76- 27680] : :

l
I

1 Expanded absﬁraCt and analysis prepared especially for the Calculator
Information Center by RALPH A. LIGUORI, University of Texas at El Paso.-:

1. Purpose

. The investlgatlon was to determlne whether students using computer-
augmented insttruction perform differently than their counterparts using
a calculator during instruction on measures of performance and attitudes .
arter a unit concerning interest on home mortgage. |

o

2. Rationale
" The reported study was a’replication_ef eariier reseaich on the:

effecte of using a computer as part of an instructional unit with the

| unique aspects of ‘a much shorter unit of .ridy an exploration of its
immact upon inducing rules gdnerning relz- ionships between variables, and
ithe use of calculators in the\control'group. fhevauthor eited $tudies

. ‘which used the computer-merely to provide drill and practice as well -
as studies .n which srudents we;e involved with the computer in a more jhs
complex interaetion" The llterature .indicates that the computer- trained
groups did as well or better than tradltlonally trained groups in
studies Lastlng at least a semester.. No references concerning the use:
.of the calculator in an insfructidnal‘sequence were cited. The use of
the calCUlator in’ a control group should more fairly demonstrate any

advantage of the Lhnpufer -assisted Lnstructlon over less expensive

aiternatives.

3. mesearch Design and Procedures

The study took place in the Winston Churchill High School of

. Eugene, Oregonf which has:an op t"—campus policyh Students in grades 10-12’

were -—andomly ussigned to the computer (n = 22) and the calculator
. - gre.ws (N = 30). Students were given pretests on vocabulary,.know.ledge,"~
anc sttitudes o the first day. Both g-oups were given ldentical

instruction on home mortgages during the ngxt six days, as well as , -,

v

\)4 :' | . . | ) .. 1 1 of'l
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experience in running canned computer programs. On day ight the
students were given the same tests oF knowlemasand attitudes as- they f'

were given on day one. During the next three" days, students worked in7/

;

dependently, with the computer group usrng a computer program to com~ /

plete their exercises and the calculator group us1ng calculators. .Tﬁeﬁ
. VAR
tests of 'nowltdgeand attitudes were readmlnistered on- Ghe twelfth day
./» }
and again twvo weeks later. A replication of thls process was peréormed

with nine s:udents in each group. !

Four scales were developed to measure thefstudents' attitudes
. towards using the .computer in business, in government, in science,,and
by oneself. ' A test was given to determine a student's ability Lo calcu—
late; the interest on a home. mortgage. "Another test measured each student s’
'understanding of the relationship among the amount borrowed interest
rate, time of loan,_and amount of mwonthly payment. FJnally, a measure
to determine each student s dttitude toward the unit of 1nstruction was

- ~ developed. _ _ /
. The scores from the- second administrition of the -various 1nstruments
were used as covariates in the analvsis of variance of each of those’ tests,
except for the attitcde of oneself toward the computer, where an analys1s

® of variance was used. A chi- square test .was used to. determine 1f there .

was a difference in the number of 1nqu1ry exercises attempted by each

e group. Finally, t-tests were used to test ‘for differerces in the atti-

tudes toward the unit.

4. Findings _
 The measures of achievement yielded no s1gn1f1cant differences between
the groups in either tae original study or the replication study On the
replication study the computer group scored signiflcantly hlgher than the
calculator group on the attitude toward oneself s ‘use of the computer,
but on.all other attitudes towara the computer the two groups did not
differ significan iy. In the originai study SLgnificantly more calculator-
'students performed some experimentation beyond the minimum when compared
to the computer group; a. similar pattern but non-significant, was. found"

in the replication. No significant difference in attitude toward the unit

was observed in either study:

oy
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5.. .Interpretaticms

It appears that in_thiseexperiment the computer did not cause more'
learning to occur than did the calculator because such a small part of
the total unit was.spent using the computer. The program used to teach
students using -the computer was relatively slow and probably accounts for '
the, fact that more calculator students did additional work than did computer
students. There was some contamination caused by the observation by
some calculator group students of the computer group worklng on the com-
puter. The length of time that students were actually using the computer

was not sufficient to establish any differences bétween the groups.

e
) .

Critical oommentaly

1he researcher went to great. lengths to insure that the computer
and calculator groups were equivalen: and then introduced a manipulacion
whldh was most -likn ly too brlef to yield any d1fferences. However, it

is noteworthy that more students taught using the hand—held caICulator

_attempted add1tlondl experlmentatlon than did- the1r computer~taught

counterparts Perhaps in a study of greater duratlon ‘this would also

. lead to superlorlty of the calculator group on other measures of achieve-

ment. It would have been a more complete experlment if a tradltlonally

taught section had been included as a group. This is not aastrong study,

but it does add support to the ev1dence of the viability. of the calculator

as a teach1ng aid. ¥
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Smith Buddy Lee. A STUDY OF THE EFFECTIVENESS OF THE USE OF THE
ELZCTRONIC CALCULATORS IN TEACHING THE SIMPLEY METHOD TO BUSINFSQ
AND ECONOMICS MAJORS (North Texas State Unliversity, 1977. )/
Digsertation Abstracts International 738A: 3986; .January 1378. -
[¢rder No. 77-29,574] T oy

Expanded abstract and analysis prepared especially for the Calcylator
/

/

/
/
/

. Information Center by EDWARD C. BEARDSLEE, Seatile Pacific University.

v The purpose of this study was to analyze the effect of using elec-
tronic calculators in teaching the simplex method for solving linear
programming problems upon university students' attitudec and achievement
in mathematics. Six hypotheses were tested using an experimental (cal-

culator) group and a control group. Smith"hypothesized that for the

experimental group there would be no pre-post change .in attitude, no
posttest difference in attitude or achievement between males and females,

and no, change in posttest attitude for students~with ACT mathematics

scores of less than 7] compdred to students with AdT'scores of)Zl or
greater . Comparing the exper1mental and control groups, there would be

no . posttest d1fferenCe in attitude or achievemént.

2. Rationale ,
With the increased avallablllty and decreased cost of electronic.
calculators, Smith and others suggest that, calculators should be used-
throughout the mathematics curr1culum and that’ research involving their
use is essent1al Since the simplex method 1nvolves tedious computation, .
Smith felt that a student u51ng the calculator to .perform.the routine
computation. wou]d be able to grasp'a better understanding of the process
and hence’ enjoy the topic more. Thus Smith conjectured that use of the.

b

calculator would improve a student G attitude toward mathematlcs and

-would contribute to an increase in a 'student's achievement. Smith's

' review'of the ]1terature revealed that few studies have been conducted

utillzing electronic calculators in the classroom and those stud1es have

dealt’ mainly W1th low-ability primary or secondary level mathematics

- students oT college students who used the calculator for a limited time.

5
3
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.3. Researcn Design and Procedures

‘ " The study was conducted during the,flrst summer sess1on of 1975

- at Texas A&I Univers1ty, Kingsville, Texas. The subJects were 69

| students enrolled in two sections of Mathematics for Business and _

Economics~1 (Math'llé), which is a required course for all mathematics
majors. Two sectlons of this coursewere offered. Since both sections
were at the same time:during the day; students were randomly assigned
to the_control and ekperimental grouos using a computer program. There
were 35 students in tne control group and'34.in the experimental group.
-‘Two teachers were used to teach the two sectionms. ‘Both teachers had
five Or more years of expericncc and had taught the course before. The
selcction of the instructor to teach the control group wds made by a flip
of a coin The simplex method was taught for ten consecutive days. TL=>

* text used was,Foundations]of Mathematics oy=Bush and Young, Chapter 10.

'The teaching presentations to both groups were similart' Each group
met,onCe a day, five times-a week, with each class meeting 80. minutes
in length. _Forty m1nutes of each class were used for lecture and ans-
wer1ng questions, the remaining tine was used for students to work on
glven ass1gnments and obtain 1nd1v1dual help as reeded. During eachlh
class, each member of the experimental group had_a Texas InstrumentsuTIv30'

.at his or Her desk, while the students in the control group used no cal-
culators during the class periods. Fiﬁteen minutes of the first.class"

~

period were used to fam111arlze students in-the experimental group with
the operation ‘of the calculators. 9 '
The Revised Math Attitude Scale' by Aiken' and Dreger was administered
during the first class period to both sections ‘at the beginning of the
.'study of the s1mplex method. Also administered .was the ach1evement test
I(Simplex Test). This test was the simplex portion of_therMath l16

Departmental Final constructed by the mathematics department of the

.
“
F

university The test is given with only ‘minor revis1on each semester

-and consists of 12 multlple choice 1tems Both tests were administered
after the ten days of instruction. Each hypothesis was tested by the
appropriate t-test at the 0.05 level of significarce.. The instrument for .

identifying aptitude was the American College Testing Program (ACT) test.

~
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4. Findings

The,t—;eSt on thée means from the attitudc pre-posttest was statis-

:tlcalLy significant for the experimental group, while the - chievement

. posttest a;titude-means’werﬂ not significantly different 'for either the

males versus females in the ecperimental group or for the experlmental
group versus the control group. Alsn, there was no statistically .
signifirant dirference in attitude posttest mean scores’ for students

in the experimental group who' had scores less than 21 on the ACT test
compared to those who scored greater than or equal to 21 c¢n the ACT test.
No statistically significant differences were found in achievement

either on the achievement posttest means for the control versus experi-

mental groups or for the males versus females: in the experimental .group.

5. _.Interpretations

From the results of the study, Smith drew the follow1ng conclu51ons.

&(a) There is little dlfference in attitude toward mathematlcs for
students who use ¢alculators in: the classroom and those who )
do not use. them. ‘

«(b) Yhere is little difference in attitude towardfmatheméticsmof
ﬁéméles and males who use electromic calculators in the.class-~

;%oom. " S . ;# W R

(c) There is litctle difference in ettitude toward mathematics for
studeﬁts'vith higher eptituae.iﬁ_mathematics than for students
with lower. aptitude in mathematics. ’

(d) There is little deference in dchlevement in mathematlcs for
studentsxwho use calculators in the. classroom and those who do
not use them. ' .

(e) There is little difference in achievement in methematics‘of
females and mgles who use.electronic .calculators in the classroom.

Based on fhe findings of the study,ASmith made the following recom-

mendations: (é) the study should take a gfeater length of time!since the

" ten days were not long enough to show changes and many students had just

begun‘tO‘mastef the calculator; (b) the stud& should be carried out for
other mathematics courses at the college level; andj(c) controls should
also be made on the teacher variable. In this.study thé calculator was
ﬁsedronly to relieve the coﬁputatiqn; it‘sheuld elso be used in otﬁer ways

than just computation and checking computation.
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Critical Commentary

In addition to those recommendations presented in the study,'several;/ -
other observations seem warranted. The experimental design appears to’/
be faulty. Although pre-post tests 1n attitude and achievement were
-administered to all subjects, the pretest achievement -results were not
'reported nor~used'in the study. - A.pre-post sta:istical procedure was not
‘followed. Also, the,researcher used multiple t—tests to compare means
where an analys1s of variance would appear to be more appropriate. The
arbitrary choice of a score of 21 on the ACT to identify low, aptitude
and high aptitude also seems questionable. The short duration of the
study, two weeks or 10 class Cays,.could cause test-retest reliabxlity
difficulties since the same instruments used for the pretest were also
used for the posttcst.' Parallel forms of the in§truﬁents (at least- the

" achievement test) should be more reliable. g . : ‘ .
No mention was made whether calculator use outside of class. was ;‘ o
encouraged.or discouraged, which could confound results. The expérimen%

. tal group was_not.permitted'toluse the calculators on the achievement

posttest. - Since the students had been required to use the machines while

learning the concepts, being deprived of using them. on the’ posttesthould
have affected'results.' If the calculator is to be used in instruction,

° it should also be used for testing unles: th1s is one of the hypotheses
be1ngwtested. To test thlS type of hypothesis may ‘require that tests and

e curricular materials will need 'to be redesigned to make use of.the_calcu~ N
lator.t ‘ | - 4 b' ' . _ '?i‘—

As was recommended by the author, additional studles should be con—
ﬁducted which involve the ‘calculator in all’ phases of college matrematics.

‘However, in doing so researchers should attempt to control’ as. amany

var1ables ;nvolving the calcdulator as possible.‘kseveral aspects of this
study shggest that outcomes would not favor the calculator group. Future

.studies should attempt to reduce bias for or against the calculator.

o

o | 10: o I
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Sutherlin, William Norman. THE POCKET CALCULATOR: LTS EFFECT ON THE
ACQULSITION OF DECIMAL ESTIMATION SKILLS AT INTERMEDIATE GRADE .
LEVELS. .(University of Oregon, 1976.) Dissertation Abstracts -
International  37A:. 5663; Mar¢h 1977, [Order No. 77-4762]
. ‘ | |
Expanded .abstract and analysis prepared especially for the Calculator: - o
Information Center by RALPH A. LIGUORI, University of Texas at El Paso.

o

. .J.
1, ‘rPugpose .
»  The study investigated whether the use of the hand—held calculator
by sikth—grade"students in a unit on estimation would lead to superior
scores on’ a .posttest and/otr a retention test when compared te students
- taught the estimation unit without access to calculators A subs1d1ary

" question studied was whether using calCulators produced a d1fferent1al
-effect based upon the ability level of students ' ' | Coe
Al " ' ~

2. - Rationalc';_ a B _ﬂli': S ; ; EER

9

~ The 1ncreased emphas1s upon the metric system has 1ncreased the need 6-’.“
'to tie able toework with dec1mals The calculator 1s'su1ted to a1d in -1.:
* the spread of the metric system_because of 1ts.dec1mal characterxstics .
{ and its increasing°availability., In al‘-endeavoursfinvolving measure-.’
_ _ ment and mach1ne calcwlatlon the ab111ty to est1mate is. crucial “The
11teranure rev1ew was we]l dESlgHEd ‘and 1ncluded a d1scus51on of stud1es'
-which had 1nvestigated the use of the calculator as an instructlonal aid
as well as, references to the role of estimation and the _sequencing of fﬁ_ K
,decimals and fractlons in the intermediate grades. ' | \\ .

o .-

3. Research Design and Procedures -

-

) - Four geographlcally and demographlcally d1spersed Oregon schools
: voluntenred the use of some or all of their s1xth—grade classes for the:
'study. Each ,chool contained an exper1menta1 and a control .group. The
. <'experimental group (N = 84) used the calculators for-all prec1se work and
’ only used a pencil to record the calculator algorithm if needed, a
mentallj estimated answer, and the calCulator der1ved answer. The
contrpl group (N = 88) used trad1t10nal paper~and pencll methods -and
recorded estimates as well.. In order-to combat a potential "Hawthorne

'effejfﬁlthe control-classes were promised the use of the calculator after

113('\ g ‘ . . ' | ¢
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the experiment. The same teachers ‘taught both experimental and control

groups within each school, concurrently. In one school students were

randoply assigned to each'group but in the remajning schools intact
classrooms were used; thus the unit of measurement was che classroom
average. All subjects were statistically and subJectively assigned to
one of four arbitrary quart11e levels of achievement. :

The experimental period was three weeks in length and not less than

12 lessons. The teachers were glven suggestions and help by the author

" and they used on-hand instructional materials. A set of suggested

supplemental teaching guides was provided. Two forms-of an experimental

ihstrument were designed by the author and used in a pilot study; they

: WCre found to have a Kuder-Richardson reliability of °.84. - Calculators and

sé¢ratchwork were not permitted during any of the testing; answers were
to be achieved by mental estimation. - "
‘The prestest was given at the "beginning of week 1 and the posttest

at the end of week 3. The loné7term retention test was given'near week

7 or 8. Only students present for all testing and most of the imstructional

pericd were included. Analysis of variance and covariance procedures were

used ‘on~all data presented.

4. ‘Findings

Three null-hypotheses were tested. No significant differences were

found between the experimental and control group on the pretest, posttest,

or retention test. There were no differential effects found in the

quartile membership due to the experimental manipulation.

5. Interpretations

The results indicared that calculator use did not provide any advan-
‘tage in the learning of est1mation skills. Further, use of the calcula-
tor did not affect students d1fferent1ally The resuItsJindicated that
time spent in study with calculators did not seem to detract from the |
mathenatical growth of those 1nvolved The fact that no difference
between groups was exhibitéd mightfbe due to sixth-graders' Afai]ure to.
value estimation and their unease w1th the imprcclsion of estim:ted
answers. A longer study period special methods for teaching estimation,

different grade levels, ot small-group or shared calculator settings are

llir‘
~ v/
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possible ‘subjects for additional research. A final question raised was
how would the result of students given free choice among mental esti-

mition, pencil and paper, and calculator in various situations relate to

“the observcd_réSUits, and could that choice be modified by an appropri-

'qte intervention program?

Critical Commentary

The study was well designed and presented. It would appear that a
larger population would be preferable for studylng such a significant
question. Further, it would take an impact of enormous proportions to
affect fhe performance of sixth gnaders in a three-week geriod oq‘a
subject matter aBOuf which they have had a ldng history of éxposufe.~
Although sixth graders may have had little formal'training in estimation,
it is likely that all students have developed some estimation technigues
by thé sixth gade and further that their ability to estimate is certainly
heavily,dépeqdent upon their abilities to-perform the basic arithmetic
operations. It woulddappear that covariance techniqﬁes usiﬁg the sthdents{
prior arithmetic Sklllb as the covariate would 1mprove the study In
any case additional time to.use the calculator in a variety of 51tuations
would provide a truer test of the calculator's effect upon the learnlng :

of sixth graders.

12
~ !
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Vaughn, Larry Richard. A PROBLEM -OF THE EFFECTS ON HAND-HELD CALCU-

LATORS AND A SPECIALLY DESIGNED CURRICULUM ON ATTITUDE TOWARD
MATHEMATICS, AND RETENTION OF MATHEMATICAL SKILLS. ~(University of
Houston, 1976.) . Dissertation Abstracts International 37A:
4938-4939; February 1977. - [Order No. 77-1529]

Expanded abstract and analysis prepared especially for the Calculator
Information Center by PEGGY A. HOUSE, University of Minnesota.

1. Purpose

The study compared .low-achieving n1nth graders using calculators

and a specially designed curriculum with similar students in a regular

;Fundamentals of Mathematics (FOM) program for differences ir att1tudx

(specifically, enjoyment of mathematics and anxiety toward mathematics)

. I, . , ,
and for differences 'in achicvement and retention of skill in a unit.on

decimals and percents. : -
2. Rationale o .

Knowledge of rtsults (reinforcement) is believed to increase the
probability of learning, and feedback dur1ng the learning process is
seen as particularl& important_becanse it allows for corrective action.
The calculator canéserve an important function in providing feedback,
and it can facilita&« other areaa of investigation and exploration of
mathematical topics. Ihe literature surveyed conveyed a generalized

enthusiasm for caloulatoxs in the Llasqroom,,but little data-based

" evidence of their effectiveness. Also, the inveatigatot found no

previous ‘attempts to alter the curriculum to atcommodate calculator

~ usage.

- . N

3. Research Design and Procedures

Iheisty invalved eight FOM classes in three schools in two adjcusning

districts of metropolitan Houston. FOM students are defined by the Texas

Education Agency to be at least two years below grade-level achievement.
Intact classroom groups were used, but their eight.teachers’were‘randomly

assigned to treatments: four experimental classes which used calculators

-and the special curriculum and tour comparison classes which used the

regular state- adopted text and no calculatorsn A total of 101 Ss began the

.

study (55 experimental 46 control) Complete data were available for

S o 127, -
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61 (33 experimental, 38 control).
The special curriculum was written by the investigator. It con-

cluded a unit on the use of the calculator and instructional modules

) fedturlngtbehavioral objectives, pre- and posttests, -enabling actlvities,

and anbw%r keys. Teachérs could use the modules elther in an indivi-
dualized manner or in lieu of a textbook. No attempt was made to regu-~
late or;monitor teachers' classroom behavior in either group.

’ Pupils were given an attitude pretest using Aiken's Revised Math
Attitude Scale two weeks before the experimental period At the
beginntng of the experiment Ss were pretested for ach1evement us1ng
a testrdesigned by the investigator. Eight weeks of instruction followed

although elapsed time was almost three months including the Christmas

“holidays. Two posttests were administered: the Aiken attitude scale

followed by a parallel form ofuthe inuestigator's«achievement test.

The retention test, given two weeh" 1ater, used the original pretest
instrument. The 1nvest1gator reports a Kuder-Richardson Formula 20
reliability index of .94 for the Aiken 1nstrument. The validity ofﬁthe'

achievement test was determined by a panel ofvexperts;-and its reliability

'was established through a pilot test in three other FOM'classes.' The

. KR-20 reliability wds calculated to range from .778 to .816 ‘and was

judged to be acceptable.

" 7. A multiple, regression, analysis was performed to determine if

) enJoyment of mathematics, anx1ety toward mathematics, achievement and/or

retention couid differentiate between the two groups when pretest'

differences were accounted for..

4. Findings

Students in'the experimental and comparison”groups exhibited a
s1gn1f1cant difference (p<£.05) 1n achievement us measured by the inves-
tigator's test on dec1ma1s-and percents Experimental Ss had the higher
mean ScCoOrw=. Ne1ther d1mens1on of attitude proved to be a significant

differentlating var1ab1e There also were no s1gn1f1cant differences

in retention.

5. Interpretations

The investor recommends the addition of calcula =rs with an accom-

panying curriculum ‘to the FOM program. He further observed a need to

._1 g
.“'_
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train teachers, but does not elaborate on the nature ofKSuch training
or on the ratiohale underlying the recommendation. Decimals end
vpereents hay be topics particularly su;ted'to calculator. usage, and the
study sheuld be extended to the other topics in the FOM program. It
also should be repeated with other grade and -acility levels and with
different socioeconomic groups. Attitudinal changes should be studled
. over a longer period of time. Efforts are neeQed to develop maaterlals

-and curricula suited to calculator use.

Critical Commentary

The greatest strength of thi%'study lies in its recognition of the
need to adapt the Lurrleulum to accommodate the use of calculators.
Hnwev~ the repurt leaves so many questions unanswered that it would
be inappropriate to ba-e deLlSlonb on the results.
_ First, the reader is given an inadequate description of the
"special curriculum." One sample module which is ‘included raises ques-
tions about the devclopment of the.concepts. "In the sample, pepils use
the calculator to anebtlgdtL multlpllcatlon of dec1mals as repeated
addition. ThlS works well 1n the first part where decimals are multi-
plied by whole numbe;s (.7 x 5), but the multlpllcatlon oﬁ.twq decimals
(.0348 x -76) .is preeented as a button-pushing algorithm. It is not
clear how well concepts are developed in the modules. Neither is it
reported what concepts were included of‘whether these(were established
" to be equivalent to’ the text material in the contcolﬁclasses.b

, A second mejor unknown is the testing conditiod for the achievement
and retention tests. No students used caICulaters in the pretests, but
no explicit lnformatLon is reported on calculator use for later tests. If
‘neither or both’ groups used Lalculators on the tests, then\one group was
"tested under conditions wh1Ch~dld not match the treatment. If only
-experimental Ss used calculators, -then the comparison Ss were being
tested on differentevariables such as. memory.of multiplication feéts and
placement of decimals. . )

‘The investigator does not justify his use of‘indfviduels.rather than

classes as the experimental, unit, and the number'of pupils per class
is not reported. There also is no indication of how teachers used the.

modules whether for individualized or group instruction, and no observa-

A
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tions are reported qf.Whether pupflsjand/or feachqrs used the calculators
as intended; The se unknowns make“it difficult to interpfet or to
replicate the study. o | ’

. Studies which take account of the interaction of the calCUlatér.with

ﬁhé curriculum should be encouraged. Perhaps a more fruitful approach
would be to consider a 2 x 2 design in which calculator usage is crossed

with the use of speéiaily designed curricular materials.

~




-121-

Wajeeh, Abdullah " THE EFFECT OF A PROGRAM OF MEANINGFUL AND RELEVANT
MATHEMATICS ON THE ACHIEVEMENT OF THE NINTH GRADE GENERAL MATHE- -
MATICS STUDENT ' (Wayne State University, 1976.) Dissertation
Abstracts International 37A: 2801-2802; November 1976. [Order
No. 76-26,189] ' ' h

I

Expanded ‘abstract and analysis prepared especially for the. Calculator
‘Information Center by PEGGY A. HOUSE, University of Minnesota.

1. Purpose

The purpose of the study was to design, implement, and evaluate a -
15-week program of "meaningful and relevant mathematics" for ninth-grade
general mathematics and to determine the effect of using calculaters

with those materials.

2. Rationale
""Meaningful and relevant mathematics” is used to describe applications
of ar1thmet1c which -one is likely to encounter in home, store, bank, JOb
etc. (e.g., time cards, 1nsta11ment buying, paychecks, budget) ¢t also
was defined to include recreational mathematlcs such” as games, puzzles,
. and magic oquares Such a program was hypothe51zed to ‘promote pupil’
mot1vation and. interest and.to have s1gn1f1cant results with respect to
-_/ dLhLOVment, attitude, and attendance. The calculator was given a two=
fold purpose: first, to prov1de immediate verification, and reinforcement
(after paper-and-pencil solutions), and second to be used directly in
I solving the recreational puyzles Y '

K3

3. Resedrch Design and Procedures

T e———— T

The study anulv¢d five teachcrs and 13 sections of nineh-grade general

athematics in one inner-city DetT01t hlgh school. Students were
- as51gned to the classes by their counselors w1thout regard for IQ, achieve-
.ment,.or att1tude, classes were asslgned to/teachers_before the semester
began. B | T o
Five unlts of instruc.ion were developed by the investigator. These
- covered consumetr mathematics, sports mathematics, mathematics and the
world of work, measurement skills, and‘recreational mathematics. Lessons

) from the first four units were integrated throughout the .semester.
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Lessons from the récreational mathématics unit were regularly presented
every Friday. -All units were evaluated for reIevancy and meaningfulness
by a panel of experts and then revised according to their suggestions
Pfib’ ro the exper {ment. :

Six experimental classes used Lhe investigator's units for one

Qsemester' seven control classes used the general mathematics text adopted

by the Detr01r Public Schools. Three of the .ive teachers (includlng
the 1nvest1gator) were each assigned three or more sections of general
mathematics. Each teacher a101trar11y selented one cldss to study the
experimental program using the calculator (El), one class to Study the
program without the calculator (Ez),:and the-renaining class(es) to study

‘the text material without calculators (Cl)' (E, classes had 10 calculators,

one for each three pupils.) The other two teachers had one and two classeg,

resbectively‘ which were designated"C2 and which~also studied the assiénedﬂ
text without calculators. Complete data were avallable for 389 8s, and

class sizes rangcd from 25 to 35 In order to .obtain equal cell sizes;

/Ss were randomly eliminated as necessary to bring each class to 25.

The 1nvest1gator used a 3 x 3 factorial design .to compare the treat-
ment's (E , E2’ C ) in the classes taught by the three experimental
teachers for the1r effect on ach1evement and att1tude.' Three measures of

ach1evement were derived from the Callfornla Achlevement Test, .Mathematics,

‘Level 5, ‘Form A (1970) (r = .9): total mathematics achievement, computation,

and concepts and problems. Attituue washmeasured using Dutton's Attitude
Test (r.= .94). All Ss were pretested usiug'the dabove scales during
tho.first week of the semester and posttested uSing the same battery ‘during
the last week. : o h _ f

For each of the nbove mwsures .a one—way/ANOVA was performed‘on'the
pretest to dctermxno if the four groups werehomogeneous with respect to
the glven var1able. If that ANOVA was non- 51gn1f1cant (e.g., if the
groups were not“significantly dlfferent), then a 3 x 3 factorial ANOVA
was performed on the posttest for the Ey» E,, and Cl groups. " If, on the.
other hand, the groups were not homogeneous, then a 3 x 3 factorial
analysis of covariance was used on the posttest QithﬁthezpreteSt as
covariate. it o
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4. Findings

The four groups were homogeneous.with respect to total achievement,
computation, and attitude before the experiment. The ANOVA results on
the posttests showed significant differences (p<<'.05)'both for treat-
‘ments and- for teachers in all three cases. ~Interaotion effects were
significant only for computation.. Orthogonal contrasts amohgftreatments
for experimental Qersus control groups were significant (p < .OS)_for all
threé criteria.and consistently in favor of the experimental classes.:
> E; classes performed siguificantly better (p < .05) than E, on computation;
but the experimental groups could not be differentiated on the basis
~of total achievement or attitude.
: The groups were not homogeneous with respect to the concepts and
problems dimension, and this necessitated a 3 x'3 factorial analysis of
covariance using the concepts and problems pretest as a covariate. Sign1~
ficant results (p €. .05) were found among treatments but not for teachers.
or for interaction, and the orthogonal contrasts showed the’ experimental
groups’ to be superior to the control. '
A comparison of the total achievemeﬁt between Cl and C2 dsing Student's
t-test was‘non—significant implying that the experimental teachers were
not biased by the study. No other comparisons involving C2 were reported.
’ No contrasts among teachers were reported .for any-of_the significant main
effects.
Attendance records kept by the teachers showed the experimental Ss
were absent less than the control Ss. Responses to a questionnaire
designed by the:investigator to reflect pupil attitude were tablulated
and reported-without analysis'or comment : Narrative comments by six Ss
and two Ts were reprinted w1thout 1nterpretation '

e 3

.5, Interpretatiogns

, Since the content of the course was assumed to be equivalent for
experimental and control classes, the author attributed the ach1evement»
differences to the experimental unit's .focus on meaningful and relevant
arithmetic. Differences ‘in attitude gain scores were hypothesized‘

i to be refﬁted to the relevance of the material pupils' ¥pjoyment of the

athematical ~games, and the informal classroom atmosphere during the

recreational mathematics Comparisons between E1 and E2 might have been

Q -liji
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N

different if Ss had used the calculators in the problems rather than

only to check answers.

" Critlcal Commentary

ThL.sLudy ylelds ‘more informat ion about the effects of the currlculum
approach than about the effectiveness of the calculator. In fact, the
non—sxgnlficant.dlfferences between El and E2 in all but computation
suggest,thet rhe two treatments were quite similér. This may very well

be due to restricting the calculator t. checking answers. It also is-:

compatible with the superiority of E1 on computation since the'calculafbrj.P

probably provided important reinforcement.

The data analybls seems: -incomplete, however. When treatment main
effects were 51gn1f;cant ‘orthogonal contrasts were examined but when
teacher main effects were significaut no further analysis was reported.
No interpretations were offered'for significant teacher’effects. Also,
C1 and C2 were: compared only for‘total mathematics achievement, but not.
on any other variables. - -

It is also difficult to account for the Ns in the Study. The author

'repdrtsron 13 ciasses of 25, yet tables report four treatment. groups of

75 Ss (three‘classes of 25) each —- 12 classes. 'The explanationiof this-

e

is obscure‘
' Whlle experlmental Ss had fewer absences, the experimenter does
not establish that this dlfference is significant. Yet, in his discussion

it is not always'clear whether he is assuming a significance which may not

exist or whether he is hinting at a causality among the treatment variables.

This tendency to make suggestfons which may not be warranted weakens the
objectivity of the discussion. :

Hopefully, too, future studies will use:the calculators in more

creative ways and will assure that each pupil has a calculator for

individual use. The  outé¢omes of t?%?recreetional mathematics units also

deserve :loser examination.
;

1:)(~ ‘ ‘



instructions. -

-125- ;

Yvon, Bernard R. and Downing, Davis A." ATTITUDES TOWARD CALCULATOﬁ
USAGE IN SCHOOLS: A SURVEY OF PARENTS AND TEACHERS. School
Science and Mathematics 78: 410-416; May-June 1978

Expanded abstract and analysis prepared especially for the Calculator

_ Information Center by J. F. WEAVER, The University of Wisconsin-Madison.

1. Purpose

The intent was to survey within two different towns the current

feelings of parents and elementary teachers toward calculator usage in

schools. : . S

2.. Rationale _
The investigation was considered to be a "logical first step”

toward having teachers and parents become well informed on the "volatile

‘issue" of hand-held calculators and their use in schools.

3. Research Design and Procedures

A 12-item questionneire was developed to ascertain:

a. feelings toward computation as the major geal of elementary and
junior high school mathematics instruction,band the importance
of developing speed as contrasted with understanding; '

b. opinions regarding calculator usage iu schools; and

c. within-the-home and_on;tne—job use of calculators.

Two tnwns were chosen}for the survey:‘(A), a university—suburb
comunity-of,about'S,OOO ponulation,'and (B), an industriel—subnrb
eommunity of about, 10,000. _ . . ‘ .

- All K-8 teachers in town A and all_K—9 teachers in town B were asked.
to complete the:questionnaire, with returns approximating 35 to 45 ﬁercent,

Parents of students from one classroom at each grade level in each -

town were asked to complete the quest10nna1re, with a 35 to 45 percent

returniachleved

Because of its crucial nature in connection with this abstract, the

12-item questionnaire is reproduced .on the next page. sans some of the

s

. 3 1 0 e .
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ﬁircld the nunter of the responce which
no't <1osely CXDTOHSUS your foolings,

1. The most important .goal of elementary and junior high® = 1 2 .3 4 5
arithmetic is the ability to figure correctly wlth
. whole numbers, fractions and decimals.

2. Speed in arithmetic is not as important as wnderstand- 1 2. 3 4 5
ing how and when to us~ different arithmetic operations. ' o

3. Calculators should be a part of the math program- in‘ -1 2 3 4 5
grades 3 through 6. -

4. Calculators should be a p rt of the math program in 1 2 3 4. 5
grades 7 and 8 ' :

5. Calculators should be a part of the math program in 1 2 3 4 5
grades 9 through 12

6. Assuming they are qvailable to all students, calculators 1 | 2 3 4 5
should be used for‘homework assignments. '

7. Skills with calculators will be essential to children's 1 2 3 4 5
future success. \

How would you feel if calculators were used in the school in the following ways.

8. VUse of calculators is primarily for motivation, enrich- - 1 2 3 .4, 5
ment, and games. )

9. Use of calculators is taught along with, .pencil and paper 1 2 3 4 5
solutions, with the teacher taking care to require that :
the student be competen: both ways. :

10. Use of calculators with proper understanding can largely> 1 2 3 4 5
: replace pencil and paper solutions.

YES NO
11. 1Is there an electronic calculator in your home? ’ 12
12. Does a member of your family use an electronic calcu— 1 2
lator in his or her JOb’
¢ 5P: Ftrongly disarrec NS:  Not sure SA: Strongly agree
D: Disasree ‘ " Ar Agree
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4. Findings

Pooling across. all replies from parents (91 in town A, 97 in- town

B) and teachers (19 in town A, 43 in town B), the following means were

reported for items 1 through 10: 1 - 4.3 6 - 2.7

" ' 2 - 4.4 7 -2.9
3-2.1 8 - 3.2
4. - 2.7 9 -~3.9
5 - 3.7 10 - 2.8 )

with 35 percent 'Yes'" responses on item 11 and 56 percent “Yesf responses
on item-12. ) .

When resnonses.pooled across towns for all parents wers compared
with responses pooled across towns for all teachers, signficant differences
between means were observed on four‘items 39 4,8, and 10.

For town A parents compared with town B parents, signifleant differ—
ences between means were observed on three items: 1, 7, and 8.

Significant differences between.means‘were observed on two items -

3 and 8 -- when poocled responses across towns were compared for K-6 V
tea"hers and .7-9 teachers. .
' sevefrzl other comparlsons evidenced no 51gn1f1cant differences between

Fespons< means.

i

‘ e
5.: Intarpretations

iA Queﬁtionnaire returns reflected-a defin%te negative feeling about
tne use of calculators in grades 3-6, a moderately negaﬁ;ve feeling about
cqlculator use'in-grades 7-8; and a positive feeling about calculator
uée in grades 9-12; also, a moderately negative feeling about calculator
use for homework, and a2 slightly negatlve feeling about calculators being
1mportant The most marked degree of - agreement with questionnalre state-
ments, on the part of both parents and teachers, was Observed.for items
1 and 2. f

" The fact that the distribution of responses on most items (and more

particularly 4, 6, 7, and 10) had a relatively large Qariability A

(standard deviation) '"should temper any firm conclusions."

s 1¢
: o
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Critical Commentary

It is not sufficieat to'"temper any firm c0nclusions,h as suggested.

It would be better simply to disregard the- investigation and its. findlnos.
I agree with the authorb when they 'suggest strongly that ‘the

feelfhgs of parernts and teachers not be ignored .in developlng new pregrams

which incorporate alculator usage,' 4nd also mention ~a definite need

of more studies to ssess attitudes of calculators." - (There have been

more since the'authprs conducted their survey in 1975.) But when in that

cpnnection-ghe authbrs indicatethat Rtplicatlon of any part or all

of ourhquestionaai > fs invited," i demur and urge that the invitation be

declined. - |

Most of the questionnaire items are oflsuch a hebaloas, ambiguOus,i>w
etc., nature that.I would be unable to answer them and would feel unable“w
to interpret any set of responses derived from such items. Exactly how
were the .items developed? ‘And what is the re11ab111ty of the instrument
in relation to the grbups surveyed? The authors! report gives no answer
to ‘either of these questions, nor to a host of other related questions . .
that might be asked. ‘ ) . ‘

The rate (35 to 45 percentj and reported distribatioh oflquestionnaire'
returns raise serious questions of how. représentative'the_data were of
thi populatiods sampled -- tq'say nothing of generalizability to other
populations. The parents' data are further suspect in light_of the
following vague and questionable sampling procedure: >"Each town was asked
to choose‘one classroom at_each grade level ﬁor distribution of the parent

questionnaires. .. . . Questionnaires were sent home' and-returned via the.

studerts."

Finally, the authors indicate that "many subgroups were compared(by

means ¢f a t-test.'" In fact, 48 such seemingly 1ndependent tests are

reported, which raises serious’ doubt as te the validity ot the statlstlcal
procedures for the data to whlch they were applled ' '
All in all, I. find nothlng about the reported 1nvest1gat10n that

contributes any useful® i‘formatlon regarding any question that pertains

to the use of hand-held calculators in connection with school mathematics

instruction.

S o 12g
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‘Zepp, Raymond Andrew. 'REASON}NG PATTERNS AND COMPUTATION ON PROPORTIONS
- PROBLEMS, AND THEIR(INTERACTION WITH THE USE OF POCKET CALCULATORS
IN NINTH GRADE AND COLLEGE. (The Ohio State University, 1975.) -
Dissertation Abstracts Internatlonal 36A: 5181; February 1976.
[Order No. 76- 3605] o - * -

N

Expanded abstract and analysis prepared esﬁecially for the Calculatdr
,. Information -Center by JOE DAN AUSTIN, Rice University.

N

-1.  Purpose

"This study was conducted to identify groups of students who respond
to proportions problems in various ways, and to determine the effectiveness
of pocket calcuiatorg in solving problems involving proportions among

those groups of students which exemplify certain developmental stages."

(p. 1) -

2. Rationale _ .

' Research by Piaget and Inhelder with young éhildren has .indicated
that proportional thinking is not maste;ed until the formal operatidn
state of development. This seems true even though theﬂéoncepts of ratio
and analogieé are often observed in children af_the concrete operaion
sfage. ‘With older children some research, e.g., by Ab:amoditz and
Karﬁlus, suggests that '". . . there may be many people Qho never attain
the formal stage of proportional -thinking." (§. 4) The ability of a
‘student to do;é proportion problem depends on the problem as weli as the
'proportioﬁ. Some éroportidns, e.g., l:n fog n small, éeém easler than=.
ophers, e.g., 3:5. There is also evidence that'improper computatian
algorithms may;preVent.students from being able to solvé proportion
ﬁfoblems.v "The basis hypothésié of the'reseanﬂlreported in'this disser-
tation 1s that pbor computational skills in multiplication and division
force students away from proportional thinking." (p. 6) If computational
. deficiencies are reasons for student problamswlth proportion pfoblems,
_the'calculatbf may prove_po'bejygry useful to students doing_thsse types

of problems.

3. Research Design and Procedures

Initially an eight—item pretest on proportional reasoning was con-

.stru&ted.’ The eight items were in four pairém -Eégh "easy' rat.o problem
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- was matehed with a'similar problem but with a 'hard' ratio. -Using test
scores and solution strategies, students could be classified into five
'lcvels of proportional reasoning dbllity\ ~Three levels -= high, middle,
and low -~ were used {fn this study. '

The pretest was given to. 170 ninth—grade/mathematics tudents and
198 college freshmun education majors. This identified 85 ninth-grade
and;38 college studentslinvthe high, middle, or low levels.of propor-
tional reasoning ability. These students were'randomly divided into ,
two‘groups. Onedgroup=(experimental) would be‘permitted_to use galcula—
tors, and the other group (control) would not. v. :

The researcher prepared programmed materials consisting of three‘
problems using 11near interpolation to estimate square roots. This
required about 25 to 30 minutes to complete. For the calculator group
a calculator practice sheet with eight practice computations was prepared.
This required about 10 to 15 minutes to complete.- The posttest was four
problems similar to the problems in the programmed materials.

' The control group completed the programmed materials and then the-
untimed posttest. This group did not nsedcalculators; The calculator
group completed the practice sheet,,the programmed materials,-and then
the untimed posttest. This group used a Texas Instruments Exactra 19, ’
a calculator with four arithmetic operations, on all activities including
the. posttest. (To check pretest reliability, the ninth—grade computer
group retook the pretest'before doing the ‘practice sheet. Using a linearl
scale for the five levels of. proportional reasoning ab111ty, a correlation

- of .8879 was obtained for the test and retest scores.)

The posttest. scores were analyzed by a two-way analysis of variance.
Separate analyses were made for the ninth-grade ‘and college students.

The two. factors were treatment (two levels) and proportional reasoning

ability level (three levels) The author also compared. error patterns

on the pretest data but used no statistical tests:

4.  Findings _

From the error patterns on the pretest, the researcher concluded.
that . . . the response patterns of  college and ninth grade students
were roughly equivalent in each ability group." (p. 48) The researcher

alsolfelt‘that each of the proportional reasﬁnﬁngability levels showed .
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