w4

o

ED 076 383
TITLE
INSTITUTION
PUB DATE

NOTE
AVAILABLE FROM

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

AESTRACT

DOCUMENT RESUME

SE 015 834

SMEAC Newsletter, Mathamatics Education, Volume 4,
Number 3.

ERIC Information Analysis Center for Science,
Mathematics, and Environmental Education, Columbus,
Ohio.

72

6p.

ERIC/SMEAC, Ohio State University, 400 Lincoln Tower,
Columbus, Ohio 43210 (Free)

MF~-$0.65 HC-$3.29

Bibliograghies; Curriculum; *Elementary School
Mathematics; *Instruction; *Mathematics Education;
*Newsletters; Research; *Research Reviews
(Publications); Teaching Techniques

ERIC SMEZIAC

This ERIC/SMEAC Newsletter contains a review of

research from 1971 on elementary school mathematics. Research
findings on teaching strategies, mathematical sentences, materials,
proklem solving, textbooks, and attitudes are among those cited. 2
list of 39 references is included. (MS)

i

Wil

aty

P M Gt




SMEAC

~

ED 076383

«

* }!”“» I FILMED FROM BEST AVAILABLE COPY

US DEPARTMENT OF REALTH
EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS BEEN REPRG
DUCED EXACILY 'AS RELE(VED FRUAY
THE PERSON OR ORGANIZATION ORIG
INATING 1T POINTS OF VIEW QR OPIN
YIONS STATEC DO NOT NECESSARILY
REPRESENT OFFICIAL QFFICE OF EDU
CATION POSITION QR POLICY

From The Research Of 1971
On Elementary School Mathematics'’

Each ycar rescarch answers some of the questions which
both classroom tcachers and other mathematics cducators
have about the tcaching of clementary school mathematics.
Suydam and Weaver (1970, 1971) have summarized previ-
ous rescarch: this newsletter presents some of the answers
from rescarch published during 1971. The focus is on re-
scarch that the tecacher might find uscful. Other studics, of
more specific information to researchers, are not included.*
As this bulletin was prepared, the variability of the quality
of rescarch was taken into consideration.

How effective are various teaching strategies?

Wilkinson compared the use of laboratory procedures
with conventional instruction. Onc experimental treatment
involved the usc of laboratory units as a method of instruc-
tion. The laboratory units contained worksheets and mani-
pulative materials; pupils were required to cxperiment with
physical materials, collect data, and generalize the findings
bascd on the data. In a sccond cxperimental treatment,
cassctte tapes were provided which contained a verbatim
recording of all directions and questions on the laboratory
worksheets. The control group was taught in a morc con-
ventional sctting, using the textbook and tcacher to provide
the content and dircction for the gcometry lessons. No sig-
nificant differences in achicvement or attitude were found
between the sixth grade groups using conventional instruc-
tion or cither of the two types of laboratory procedures.

Broussard found that fourth grade students in inner-city
schools given individually prescribed work through inde-
pendent study, small-group discussions, large-group activi-
tics, and tcacher-led discussions achicved significantly
higher in skills and concepts than those taught by a tradi-
tional textbook, class-group method.

A number of studics explored aspects of the continuing
question, “How ecffective is discovery-oriented teaching
when compared with expository teaching?” Barrish tested
the hypothesis that “high-divergent” students would score
higher on tests after instruction under an inductive-guided-
discovery strategy than those cncountering a deductive-
reception strategy, while the opposite would be truc for
“low divergent” students. The 20-day study was conducted

with 125 fourth, fifth, and sixth grade children; this was fol-
lowed by a retention test after 20 more days. Ten test prob-
Iems called for “high cognitive” responses involving some
degree of transfer, application in novel situations, or inde-
pendent thinking. The remaining 25 probleins were termed
“low cognitive.” They required recall and manipulations of
algorithms in examples similar to thosc used in the Iessons.
It was found that levels of divergent production were not
related to cither initial icarning or retention of the mathe-
matical gencralizations taught, regardless of the strategy
presented. For the learning of low cognitive mathematical
material, the deductive-reception strategy proved superior.

Scores of sixth graders who were taught gcometry con-
cepts with a discovery method increased over time, while
scores of students taught with an expository method de-
creased, according to Scott.

Bassler, Hill, Ingle, and Sparks administered programmed
mathematics units to students in grades 4, 6, and 8. The
units differed in the amount of “guidance” which was pro-
vided. No reliable differences were found between maximal
and intermediate amounts of guidance in the materials.

When data from an carlier study (Worthen, 1968) were
rcanalyzed with the unit of analysis changed from pupil
scores to class mcans, no significant differences between
cxpository and discovery strategics were found by Worthen
and Collins.

Robertson found that fourth grade pupils who had seven
months of cxpository instruction achicved significantly
higher on computation tests, while thos¢ having discovery
instruction scored significantly higher on the retention test
on applications. Attitudes were significantly higher for the
discovery group. The tcachers were able to adapt to new
techniques and procedures, and teacher behaviors in the
discovery approach differed significantly from those in the
cxpository approach. Robertson concluded that “it would
appcar that no one treatment or mode of instruction can be
considered the best approach. The tcacher who Icarns as
many instructional modes as possible, identifics and diag-
noses pupil nceds and abilitics, and uscs this knowledge to
individualize instruction may very well get the best results.”

1 Prepared by Marilyn N. Suydam, Faculty Research Associate, ERIC/SMEAC
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How do pre-school and kindergarten children acquire
mathematical ideas?

As in previous yecars, the studies which focused on
Piagetian theory were variable in both topic and findings.
Many were concerned with types of training, largely on
conscrvation. An even greater number measured the stages
and ages of devclopment, again with most related to con-
scrvation, but a few on topics such as transitivity and impli-
cation-rcasoning. Scveral focused on the relationship of
conscervation and race, SES, age, verbal ability and similar
factors. Lcarning style was considered in one case. The
findings of thesc studics have value to future rescarchers,
and to thosc who arc attempting to block out the “map” of
the Piagetian realm, but little clear evidence that is useful to
the classroom teacher has been added.

Carr reported no significant differences were found on
four Piaget-type (ests between kindergarten groups who
uscd Bereiter-Engelmann materials for two, one, or no
years. The program appeared to be more cffective for kin-
dergarten children than for pre-kindergarten children. The
four tests assessed the child’s zbility to conserve number,
to disciiminate, to scriate, and to cnumerate.

In a continuing sct of reports on a survey of kindergar-
teners, Rea and Reys reported specific data on knowledge of
children in the arcas of geometry, number, money, and
measurement. Use of an informal but planned scquence of
cxpericnces was recommended.

How do children achieve with various types of mathematical
sentences and algorithms? -

Engle and Lerch reported on a study designed to ascer-
tain whether first graders could make correct decisions
about basic addition ideas stated as cither truc or falsc
number sentences. A test was developed, with one part
having addition combinations stated in the form 4

+3

and 3 + 4 = [J, and the other part composcd of closed
addition scntences, for which pupils were to indicate
whether cach was true or false. First graders who had
studicd in programs without emphasis on closed number
sentences could make decisions about basic addition facts
stated as cither truc or falsc number scntences with a rea-
sonably high degrec of accuracy. No significant difference
was found in their ability to answer the computational-type
addition and their ability to make correct decisions about
closed sentences concerning similar addition ideas.

Weaver analyzed the relative difficulty of various open-
scntence types. He found that sentences of the form
[0 — b = cor c =[J — b were significantly more difficult
than were sentences of the form J4b=caoxrc=+b
for children in grades 1 through 3. He also found that the
position of the placcholder in the sentence affected the diffi-
culty of the sentences. That is, sentences of the form
a -}~ [J = c were less difficult than sentences like (J 4 b ==
c.

Steffe and Johnson found that mean scores for problems
of the type a -+ b = [J were higher than for the threc other
problem types studied: a — b =1, a 4+ [J = ¢, and
(O 4 b = c. They also reported that first graders solved
provlems with no described action as well as they solved
problems with described action.

Trafton investigated the cffects on third grade pupils of
two initial approaches to two-digit subtraction. Onc ap-
proach consisted of the conventional dccomposition algor-

ithm. The sccond approach involved a more general
method based o.1 the main concepts of subtraction and using
the number line as an aid to solution, before work with the
decomposition algorithm. The “gencral™ approach did not
result in greater undentanding of or performance with the
decomposition algorithm than did prolonged development
of the algorithm.

Aims reported that the number of frames to the left of
the equality sign and the arrangement of operators (+, —.
X, <) affected the time needed to solve arithmetic examples,
but the number of possible solutions did not significantly
affcct time. He analyzed data from students in grades 4
through 8.

What is the role of materials in mathematics?

The role of materials in the learning of mathematics is
being questioned by teachers at all levels today. Generally,
we are bound philosophically to their use: but rescarch in-
creasingly indicates that we need to analyze when they arc
usced, with whom they arc used, what types should be used,
and how they arc used. :

Bisio, conducting a study with 29 classes of fifth graders,
compared three methods of teaching addition and subtrac-
tion of like fractions. In onc treatment neither the teacher
nor the students used manipulative materials. In the second
trcatment, the teacher used the manipulative materials as a
dcmonstration for the students. And in the third treatment,
both tcacher and students manipulated materials. Children
taught with manipulative materials, both using them and
passively watching them being used, scored higher than
those not using materials.

Knaupp also found that both teacher-demonstration and
student-activity modes, using blocks and sticks in present-
ing addition and subtraction algorithms and idcas of basc
and place valuc to four sccond grade classes, resulted in
significant gains in achicvement.

The assumption that the usc of materials can contribute
significantly to the lcarning of mathematics was also investi-
gated by Carmocy. She studied three sixth grade classes who
were assigned to concrete, semi-concrete, and symbolic
trcatment groups for an 1 1-day unit on sclected numeration
and number propertics. Support was found for the use of
concrete or semi-concrete approaches over symbolic ap-
proaches if the goal of instruction is transfer.

Johnson assigned three treatments to students in grades
4, 5, and 6 who were studying perimeter, arca, and volume.
The “Maximum™ treatment used a semi-programmed text
and two scts of physical models and instruments for each
child; students were directed by the text to make usc of the
objects and were free to use them at other times as well. In
the “Modecrate” treatinent, students used the programmed
text, including all drawings and illustrations, but were not
given the models. In the “Minimum” treatment, all draw-
ings and illustratiors were removed and verbal descriptions
werc substicuted; no models were given. He reported that a
high degrec of concreteness resulted in higher mean achicve-
ment and retention scores.

How useful are mathematics tests?

After analyzing a standardized mathematics test, Gridley
rcported that mathematics achicvement in grades 2-5 as
mcasurcd by the test appeared to consist of several cm-
pirically defined clusters of items. The clusters varied from
gradc to grade, and subtest headings did not represent dis-
tinct clusters. The mcaningfulness of the total score, as well
as the subtest scores, was questioned, since several skills or
abilitics were being measured.
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What factors affect problem-solving ability?

Kamins attempted to determine if the appearance of
familiar scttings, things, pcople, and subjects in the lan-
guage of word problems would affect the success of black
children from a lower socio-cconomic environment in solv-
ing word problems. For the 32 fifth graders involved, no
significant difference in achicvement was found between
usc of problems written by children and textbook problems.
(However, in another study outside the problem-solving
context, Knight found that pupils taught and asscssed using
a sub-culturally appropiiatc language in a unit on non-
metric geometry performed more successfully than those
taught and asscssed using standard language in the primary
grades.) )

Nickel devised a multi-cxperience approach to ve.hal
problem solving, using abstract, rcpresentational, and con-
crete materials. This was more effective for fourth graders
thana strictly verbal approach.

Four variables which significantly affected the difficulty
of word problems were identified by Loftus: number of
operations, sequence of problems, complexity, and conver-
sions. Verbal clues, order of operations, and number of
steps had little cffect on difficulty Ievel. For the study, she
uscd a computer-based teletype-presented program of 100
problems, and analyzed data from 16 sixth graders.

Cromer analysed the difficulty of multiplication problems
for fifth graders. He found that difficulty level could be pre-
dicted by problem characteristics such as order, digital, or
process variables.

What do studies on the vocabulary of teatbooks show?

Willmon found a total of 473 technical mathcmatics
words in 24 textbuoks for grades 1-3, with frequency of usc
ranging from 1 to 5,995. Seventeen words were repcated
morc than 1,000 times, but most were used less than 25
times. Stevenson reported that, of 396 technical and semi-
technical words he found in third grade mathematics text-
books and first and sccond grade readers, only 51 were used
in both rcading and mathematics books. However, 161
words were common to all four mathematics textbooks.
Data from a study by Browning is less cncouraging. She
found a total of 743 mathematical terms in 15 textbooks
used in grades 4, 5, and 6; only 10 words werec common to
all textbooks.

These studies indicate that every teacher of mathematics
must consider the reading problem which a child may face.
Smith added further cvidence on this point. He found that
the composite readability scores for sixth grade textbooks
ranged from 5.0 to 5.8; however, analysis of sclections in-
dicated a range of below grade 4 to grade 8. Tests ranged
only from below grade 4 to grade 6 in reading level.

In a diffcrent type of vocabulary study, Olander and
Ehmer administered a test from 1930 to pupils in 1968. On
the Buswell-John Vocabulary Test, 1968 pupils achicved
higher scores on 74 of 100 items in grade 4, 59 items in

grade 5, and only 48 items in grade 6 than did pupils who
had taken the test in 1930. On a test of contemporary terms,
mean scores were 49 for grade 4, 58 tor grade 5, and 64 for
grade 6 on the 100 items.

What type of homework is helpful?

The cvidence on this topic is still rather nebulous. Grant
found no significant differences in achicvement between
fifth grade groups given differentiated homework on two
levels of difticulty, textbook assignments, or no homeworh.
Gray and Allison also reported that no significant differ-
ences were found when students were given three or no
homework assignments per week in grade 6.

What is the status of children’s attitudes toward
mathematics?

Dcighan, in a study with students in grades 3, 5, and 6,
found that attitude toward mathematics was not significantly
rclated to mathematics achicvement, nor was there a sig-
nificant relationship between teachers” and students’ atti-
tudes. A significant decrease in students’ attitude scores
across grades was found. Malcolm similarly found that at-
titudes toward mathematics became less positive from grade
3 through grade 7.

Findings such as these have been reported in the past—
but there are other studics which present differing cvidence.
There arc obviously many factors involved when attitudes
arc measured: the type and quality of the instrument used
for the measurement, what has occurred to the children
immediately prior to administration of the instrument, and
numcrous other points could be noted. For any onc teacher
it is less important to know how children in general feel
about mathematics than it is to know how a specific class
fecls—and the attitude of a single group can usually be
judged in many ways by their teacher . . .

* For other studies ... .

Many other studics might have been cited—for instance:

Weeks reported that training with attribute blocks for
cight weeks in grades 2 and 3 had a strong positive effect on
logical and perceptual reasoning ability.

Sension found that arca, sct-subset, and combination
representations for intreducing rational number concepts
appeared to be equally cffective on tests containing items
consistent with the experimental instruction. However, the
combination trcatment produced a higher level of gencrali-
zation to a number line model.

Sowder found that pupils in grades 4-7 nceded about
three to six instances to form generalizations of the sort
tested from numerical situations. Only rarely were generali-
zations formed after six unsuccessful instances.

A complete annotated listing of studics published during
1971 is available from ERIC/SMEAC and also in the
November 1972 issue of the Journal for Research in Mathe-
matics Education.
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Compilations and Reviews of Research

If you are interésted in securing copies of compilations of
rescarch on clementary and secondary school mathematics,
here are some sources:

1. “An Evaluation of Journal-Published Rescarch Reports
on Elementary School Mathematics, 1900-1965.” Vol-
umes I and II. M. N. Suydam, unpublished doctoral
dissertation, The Pennsyivania State University, 1967.
Microfilms Abstract Order No. 68-3563; available from
Xcrox University Microfilms, Dissertation Copics, P. O.
Box 1764, Ann Arbor, Michigan 48106; cost, $4 for
microfilm and $10 for xcrography.

This initial study contains categorized, annotated,
and cvaluated reports of 799 studies (grades K-8)
plus a list of approximately 700 disscrtations.
Bibliography.
“Interpretive Study of Rescarch and Development on
Elementary School Mathematics, Phase: 1.” M. N. Suy-
dam and C. A. Ricdesel, Final Report, Junc 1969.

Volume [, Introduction and Summary: What Re-
scarch Says. ED 030 016. 255 p. Microfiche
(MF), $0.65; Paper Copy (HC), $9.87

Volume II, Compilation of Rescarch Reports.
ED 030 017. 331 p. MF, $0.65; HC, $13.16

Volume 111, Developmental Projects. ED 030 018.
232 p. MF, $0.65, PC, $9.87

Available from ERIC Document Reproduction Service
(EDRS), Leasco Information Products, Inc., P. O.
Drawer 0, Bethesda, Maryland 20014.

Volume I contains synthesized rescarch findings in
the form of answers to numerous questions. Vol-
ume II contains categorized, annotated, and cvalu-
ated reports of studies and dissertations for 1900-
1968, cxtending the list of those cited in the dis-
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sertation above. In Volume Il are summaries of
projects, with typescripts of interviews with nine
project directors. Bibliography in Volumes 1 and 11
| 3. “Using Rescarch: A Key to Elementary School Mathe-
’ matics.”” M. N. Suydam and J. F. Weaver, 1970.
This sct of 11 bulletins synthesizing research find-
F ings is available by individual titles from EDRS:
the complete set of bulletins is currently out of print.
| An updated collection is anticipated and will be
announced in this Newsletter when it is available.
4. “‘Annotated Compilation of Rescarch on Secondary
School Mathematics, 1930-1970.” M. N. Suydam, Final
j Report, February 1972.
Volume I, Introduction; Compilation of Articles.
ED 062 165. 407 p. MF, $0.65; HC, $16.45
Volume II, Compilation of Dissertations; Summary
7 and Conclusions. ED 062 166. 411 p. MF, $0.65;
HC,$16.45
Available from EDRS at cost cited above; also availabic
from The Center for Science and Mathematics Educa-
tion, The Ohio Statec University, 244 Arps Hall, Colum-
bus, Ohio 43210 at a cost of $8.50 for the sct of two
volumes.
Volume I contains categorized, annotat:d, and cval-
uated reports on 780 studics (grades 7-12), while
770 dissertations arc similarly presented in Volume
II. Some studics for grades 7-8 were included in
previously completed clementary compilations.
Bibliography in cach volume.
5. “A Review of Rescarch on Sccondary School Mathe-
matics.” M. N. Suydam, March 1972.
Available from EDRS, document SE 014 234, 229 p,,
MF, $0.65, HC, $9.87; also available from The Center
for Science and Mathematics Education, address above,
at a cost of $3.50

This is a review of rescarch findings in the form of
answers to numerous questions. Bibliography.

ANNOUNCING . ..
ERIC Reference Products

from CCM

1. THESAURUS OF ERIC DESCRIPTORS, Fourth
Edition

* the source of all subject headings used to index and
retrieve documents and journal articles in the ERIC
colicction

* includes newly assigned descriptors and rotated
descriptor display as of March 1972

* $8.95 in clothcover, $6.95 in paperback

2. ERIC EDUCATIONAL DOCUMENTS INDEX

* brings together references to all rescarch documents
in the ERIC coliection: includes documents ED
001 001 through ED 054 390

* contains Subject and Author indexes with complete
titles and ED accession numbers. [The ED numbers
refer to abstracts published in ERIC Educational
Documents Abstracts (sce below).]

* 1966-1969, two volumes, library binding—$34.50
%hc set; 1970-71, one volume, library binding—

25.00

i ondl

3 ERIC EDUCATIONAL DOCUMENTS ABSTRACTS

* cumulation of resumes appearing in Research in
Education from 1968 through 1971; includes ab-
stracts of docunwnts ED 012 349 through ED 054
390

* document availability cited, but Subject and Author
indexes appear in ERIC Educational Documents Index
(sce above).

* 1968-1971, four volumes, library binding—
$126.00; individual volumes bound by calendar
year—S3$35.00 cach

4 CURRENT INDEX TO JOURNALS IN
EDUCATION

* a monthly index to over 570 educational periodi-
cals: approximately 1600 articles are indexed cach
month

* includes bricf annotations outlining the scope and
substance of most articles, in addition to Subject,
Author, Journal Contents and Main Entry indexes

* monthly—$39.00 a year; scmiannual and annual
cumulations available

Available from: CCM Information Corporation
866 Third Avenue
New York, New York 10022

The WMiicro-iibrary Series

A major cojective of the ERIC program is to make
current educational information dircctly available to those
who most nced it. As a step toward achieving this objec-
tive, CCM Information Corporation has packaged ERIC
information using the “micro-library” concept.

A Micro-Library is composed of a printed index and
microfiche copics of ERIC titles in a particular subject
arca. Currently in preparation are Micro-Libraries of
materials on topics relating to Library/Information Sciences
and Social Science/Social Studies. The Reading Micro-
Library is available now at $395.00.

The Micro-Library is unique in that materials processed
into ERIC arc frequently not widely known nor readily
available through the major publishing channcls. Such
items as spceches, conference proccedings, and federally-
funded rescarch reports are included. Approximately 1000
titles will be available in cach Micro-Library, and will
include sclected materials processed by the ERIC network
since its isception, plus other pertinent titles added to the
ERIC collection from 1966 through 1971 and announced
in Research in Education.

Citations and abstracts arc also obtained from Selected
Documents on the Disadvantaged and Office of Education
Research Reports, 1956-65. Journal Articles which were
indexed for Current Index to Journals in Education 1969,
1970, and 1971 are also included. All of this material is
organized into four sections: Subject Index, Author Index,
ERIC Documents, and ERIC Journal Articles. Each micro-
fiche collcction will be arranged in numerical scquence in an
attractive, functional casc.

Additional information about the Micro-Library Scrics
can be obtained from:

CCM Information Corporation
866 Third Avenue
New York, New York 10022




Guide to ERIC Available

A twelve-page guide entitlcd “ERIC: How to Use It for
Mathematics Education” has been developed by and is
available from ERIC/SMEAC. The guide presents a sum-
mary of pertinent information concerning the ERIC sys-
tem, with cinphasis on mathcmatics cducation functions and
is directed primarily to those individuals nceding a ready
digest of ERIC services and procedures.

Single copics are available at no cost from ERIC/
SMEAC. Similar documents arc available through ERIC/
SMEAC for science cducation and for cnvironmental

cducation.
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