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Mathematics Education Reports
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Mathematics Education Reports_are being.developed to disseminate

) -
information concerning mathematics education document$ analyzed at \

the ERIC Information Analysis Center for Scign&e, Mathematics, and,

. |
B N ! 5

Environmental Education. These reports fall .into three broad cate-

gories. Relearch reviews summarize and analyze recent research in

.specific areas of mathematics education. Resource guides ident:*-
H N - - - s‘_' “ o

“and énalyée materials and references for use by mathematics teachers T
- at éll levels. Specialﬁbibliog:aphiés announce thé availability of

' documents' and review'the literature in selected interest areas of

‘hAthematics education.'_Reports in each of the;e catesories may also

_58 ;érgeted for speci?ic sub—populaéions of the mathematics education

community. Priorities for the development of fﬁture Mathemagics

Education Reports are established-by the adviéory board of'thguéenter,

in cooperation with the National Council of Teachers of~ﬂathe;afics,. .
the Special Interest Sroup for Research in Mathematics Edugatidﬁg the

N

\
Conferer.ce Board of the Mathematical Sciences. and other professional

groups in mathematics educatiom. Tadividual comments on past Reports

and suggestions for future Reports are always welcomed by the associate
¢ "\

director. . .
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- request for proposals to review, and synrhesize studies of ' activ1ty7 .

| PREFACE . e

In April 1975, the National Institute of Education issued a Ll

based approaches to mathematics teaching. ~ The RFP explained, . -
. | . : .
In recent years a variety of "activity-based"

approaches to;the teaching of mathematics have become ) . BN
widespread. ypically, these approaches are characterized _
by children' s{ active manipulation of physical objects, but K

beyond that the diversity of programs claiming to be ¢

v

Activity-based is enormous. .
.The research that has been conducted on the effec- . . ———
tiveness of! shch programs has, led -to results that.are-
often conflicting There seems to be some evidence, though,
that many "activity—based" programs have a beneficial effect
on low-achieving children. The purpose of this review of
studies is tojsynthesize and 1nterpret existing data on
"activity«based" programé. The primary objective is to’ - R
“identify which of the many dimensions ih which the approaches
differ are the ones that are- particularly importarnt. -
. . [

: This publication is the final reporL of that review and synthesis .-
(NIE Contract No. 400-75-0063). The syathesis was restricted to studies )
in which the matheﬁatlcal content did not go beyond what is commonly N
found in grades K-8. Furthermore, we were interested on the effect
of this teaching approach on elementary school students, especially
low-achievers. Therefore, we did not analyze the sizeable number
of studies which.involve K-8 content taught by an activity-based

approach to prospeotive elementary school teachers in college course.

Within these limits, we believe that this publication represents. ——- 7"
the most complete and thorough review of research.on-mathematics

laboratories and other

activity-based—té€aching approaches presently

available.

From this review, we have attempted to draw both practical

conclusions for classromn teachers and suggestions for mathematics

education researchers.

|

v

Jon L. Higgins
Associate Director for

~ . : Mathematics Education

|
‘ - n)\
l
!

This publication was prepared pursuant to a contract with the ' .
National Institute of Educatien, U.S. Department of Health Education
and'Welfare. Contractors undertaking such picjects vnder Government
- sponsorship are encouraged to express freély cheir judgment in professional
and technical matters. PYoints of view or opinions dc not, therefore,
necessarily represent of ficial National Institute of Education position .
or policy. ] ’
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Activity-Based Learning in Elementary
School Mathematics:, Recommendations from Resear7a
' Marilyn N. Suydam
‘ Jon L. Higgins
<

The Ohio State University

I. Activitv—Based_Instructiod}/Nhat Does It /Mean?
VA4

Educators have varying conceptions of what actiyity-based instruction

is when they hear or use the term. The common eleméat across .these con-

.

ceptions or definitions appears to be student involvement in the process

of learning mathematics. This involvement is mor¥e than intellectual: the
v . . .
student is actively involved in doing or in seeing something dome. On\§

broad scope, actjvity-based instruction is concerned with a teaching stra-

-

tegy, may encompass a program, and frequently involves the use of manipu-

" lative materials.

The Role of Teaching Strategy

But.

working within groups to accpmplish a task. . J

R
- The activity may serve to motivate; to introduce, to provide

!
reinforcement or practice, to help children apply a mathematical

i
?
i
1

idea to the real world.

- The activity may be integrél to .the mathematical content or to the

“

ERIC . |

Aruitoxt provided by Eic:
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instructional objectives, or it may be used pro forma, simply

.

because the teacher believes or is told that the use .of activities o
- . & . .
is necessary. ) ) “ ki
~ I b . - ¢
- The activity may or 'may not involve thé use of objects or manipu- .
o, . . ) - :;’ ~ X ‘ . > .' t
lative materials. . s .
P ; . : : 1 - &
The“Rele of Program
. * . o .
A program termed activity-based can, in actudl practice, réfer to al- -
. . 4 . o N
. - &
most anvthing. "Students are involved -- but, thev may be involved with.such
" %
A

things as worksheets or workbooks, programmed, instruction booklets, teaching

machines or computer terminals, audiovisual materjals, or calculators. In

¥ »
s

most activitv-based programs, however, such materiais form only one com-

. . )
onent of the system; using manipulative materials and participating 1n
po ¥ > p p g

[
other activities are key components.

= To manv teachers and educators, the term "activity-based" appea¥Fs to
A € y PP

N

be synonymous with "mathematics laboratory". Yet mathematics laboratories

LN

7 ; : . v )
themselves vary widely. Sometimes they are interest centers or corners
N \

containing materials of seme type; they may be used every day, or only
’ 1

] ’

. \
once or twice a week, or independently during "free" time. Sometimes the

[y

term mathe@atics laboratory'refers to a paﬁtern of teaching in which
students are free to move ardund, to experiment, and/or to explore.
In the report of the Natiomal Advisory Committee on Mathematical

Education (1975), it is noted that "In addition to the availabpility of

varied manipulative materials", activity programs "are generally charac-

) i
terized by the use of varying instructiqpal styles, multimedia approaches,

v

variable-sized groupingé, and learning (interest) centers" (p. 61). Most

of these attempt to provide "a blend of activity.methods, varied concrete

/ .
materjals, [anu] i;udent interactjion with peers and the environment . . .

(p. 62). /0//‘ ' ,

Ao ooy
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‘.- “The Role of Manipulative Materials
f -0 T t

f s . Iﬁ should be evidevt from the above discussion that manipulative

& . < .
’ matérialstmay or may not be: involved in an activity-based program. Mani-

pulative materials are also uséd in many instances in programs which are
E2A .
oY

_hot termed activity-based. __.

% :‘ . The tole of teacning é;rategy'as it affects and interacts with the
use gf manipulative materials -cannot be ignored. Through-most of this
2 gén;nry, and in particulan since the_mid71930;, the importance of mean-
. ingfﬁl instructionl in the iearning”of mathenatins)Pas been esponsedﬂgnd
*nccqpted. In an'analysis of the poin;s of view and of the nel?vant i_;
“;esearch on meaningful instruction, Weaver and'Suyd;m (1972) indicated
thgt the use of concrete‘onjects is integrally related with the develop-
ment of meaning. In many of the studies they:citedr the use of mate;inls

was an accepted gonponént of the meaningful treatment, while the non-
1

meaningful treatment generally precluded their use. (Few of these studies

are cited in this report, since the extent of‘use of materials was rarely
controiled, nor was thgir effect a c%enrly discernabie factor in the
collectivn and analysis of data.) Van Engen (1949) in characterizing
a general theory of meaning, provided an indication of . the interrelation-

» ship: ; . T o

)
~ %

- .
In any subject area like mathematics, in which there is a large skill °
component teachlng can be done in a rote, mechanical way which empha-
sizes only speed and accuracy. 1In contrast, teiching can emphasize
relationships between Qifferent skills and patterns or structures. This
. latter approach has often been called meaningful instruction. Much
writing on this approach was done by William A. Brownell, most notaoly
in the Tenth Yearbook of the National Council of Teachers of Mathematics.
Meaningful instruction is a forerunner of cognitive psychology, it under-

" lies the way in which most mathematics educators believe that mathematics
should .be taught. '

o
<

3
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In any meaningful situatiohs, there are always thre°
elements. (1) There is an event, an object, or an

action. In general terms, there'is a referent. (2) There ,
is a symbol for the refereat. (3) There is an individual® =~ . !¢ ° .
to 1nterpret the symbol as somehow referring to the referan. 1 . ’
. . . It is important to remember that the qymhol \

to something outside itself.

reéfers
This. something may be anything ﬁ
yhdtsoever, even another symbok, subject onlv to the cordi- \
tion that in ‘the end it leads to a meaningful act or a e
mental 1mage.[p. 323] \{
!

~

Inherehtuip this statemént are two suppositions that have formed the

basis for many research studies: (1) that learning proceeds on a concrete- %

;‘ H -‘
to—abstract contlnuum and (2) that concrete materrals are not essential

- l
-

to everv stage in the process ¢f learning: once'a\cdhcreterreferent has

-

~Been ebtablished and has led to the development of understanaing with X \

£ - .

eymhois, those symbols may serve as the referent for futher learning. ! \
ﬁﬂore recentlv, others (e.g., Bruner, 1960;. Ausubel 1968) have pro- ' \

: ) . \
pounfed a similar idea; statements such as the following arc nct uncommon

) . P ' . . { . x \
in their writings: . ‘

‘

f The essence of the meaningful learning process . . ds ‘ \
, that symbclically expressed ideas are related in a non-

l arbitrary and substantive (nonverbatim) fashion to what
/, the learner already knows, namely, to some existing ‘

: relevant "aspect of his stfucture of knowledge:. .
- [Ausubel, 1968, p. 37]

A

In general},the use of manipulative materials is widely accepted:

, 3 .
both mathematics educators and teachers proclaim their be@ief in the

.
Py

1

efficacy of such materials. This belief is not alwdys trapslatéd into

action, however. In surveys of elementary—echool teachers,gR. Green 3
“ . ¢ , !
(1970) and Harvin (1965) found that first-grade teachers reported that

. A 4
they used manipulative materials more than pictorial or symbolic materials

¥ ‘_—’
But teachers in grades 2 through 6 indicated little use of manipulative

materials. Tn a survey cited in the NACOME Report (1975), it was noted

that 10 per cent of the second- and fifth-grade teachers queried had never

.o | l l ) -
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Of course, the other side of that coin is that 90 per cent “of ‘the

teachers surveyed have used manipulative materials, data from Thomas (1975)

.

K

- ;
}-' ‘ éﬁpport this conclusion. And mgny teachers Have raiSeg\questions about

what ‘materials tovuse, when to Lse thom,'how to ‘usé ‘them, and wﬂth whom

- 2 ‘\_.f"" .

. to use them. This concern in turn has led to resear h\w ich attempted to
1 1Y

: s { ..
i provide answers. We will devote a great deal of attc.cion in fhis report
- to these answers, but first it seems‘plausible to prov;de\>§<overview of

N N : ‘ B
; ] how the review was conducted, as well -as a\discu551on of the mitations
3 which.Kunfortunately) accrued./ - \ . ’ .//\ s\ﬁ
F ‘ : \ \ \) 1! ’

. / 4 ‘\ /

{ 5
. / 1
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. . Cf:_\ 5 " s . ' \ > . . . ) g
! ’ M —6‘—“ ’ ' . - * ‘:'
o o - - ! R :
. . _£7 ) . e . ;
: . * 2}’ '/ . ) ' i :
r e II. Overview of -the. Report ’ : - H
. : '-" . . . S . . . {}, ) :.
. . The primary obJectlve of this review has _been to 1dent1fy the most™ ‘
ke d" . -0 e : * o
viable dimensions or faqets of activity-based instructlon, Pspec‘ally as ~ )
* ? * « . * i PN
they might apply to children needing compensatory education. To accom- . f
[N o . . . .r:
plish this, four procedures wére proposed?’ ”. s e e )
pie . : ‘ ? A . . e ,
i * M - . .. .
) ‘(1) study the information data’base’on activity-based approaches . .- _ = . - :
N - . . ‘ ) R . o
. . 4 g - . L, 7 T e e - :
<o to mathematics instruction in 'grades K-8, ety T . R
_ (2)-"analyze program components as .described .by research,” . N T
. \ YL, . . oo T
. . . \ A . s h . ";,,Tr ~
; ) (3) interpret results and conclusions,’aﬁd . . ) .
Beg L . . ” ’ ,.. - , .
[t . - .. . . .- - . “ .
- - (4),$ynthesize findings from separate réports anH studies into'a.’ . L
i{ Lt w : . -~ . e B . 5 .. e 1:?,
e . set of _recommendations for act1v1ty—based teachlng hthh show . R
o - o N . i - PP o . ’ e . " [ 2
L the greatest promise for maximizing mathematics achievement _ . ) ,:
A .+ and improving attitudes toward mathematics. o ) . AR
: The research gtudies to be analyzed .wére selected on the basis of: :
‘. (1) appropriateness- of level and centent . . ) . f"3
s k. - . : , . .f , . . -

N 'f (2), appropriatenevs of the typé of material or approach, with empha- )
i Lo sis on résearch reports which present a clear, ‘explicit descrip- - . é
oo . tion of the procedures followed . T 3‘7}
s ] , . .

oo , . o N .

< . (3) evaluation of the experimental-type studies in order to reject

. . - . [ ‘ S ‘ . .

. . i . y Lo -
oL : studies so poorly designed that their findings are meaningless. :
P » ) ’ ¢ . . . ) .
o ‘Factors to be Considered . - . ) ‘

PA’J‘.,‘ “ - ) ) . . ! - B )l . . 4 -
i ' To aid in the analysis and synth951s process, an inventory form was - .
. ] e ' 4
3’, : b ’ o
v-sl, ‘ s ’

’ For this review, research is characterized as an exploration of a
s question® through the collection of data. g -,
e : Yl . ; .

k ' 3aTo*aid in this evaluation, the Instrument for Evaluating Ixperimental

. Educational Research Reports was used. Appendix C contains a copy of. .
P . the instrument, plus information on its development and reliability.

I, 4 .

A copy of the form appears in Appendix D.




de%eloped which incorporared njineteen types of distinctions which appeared
(in advancé) to be relevant:

<.

-

e 1) Mathematlca1 content. the "standard" content of the present

oL ’ elementary-school curr1cu1um 1nc1uding numeration and place . o
' ' value, computation with whole numbers, fractions, apd dzcimals; 8 ;
measurement ; geometry; and verbal problem solv1ng (i.e., word :
problems).

(2) Grade levelz kindergarten through grade 8 (or corresponding ages).

(3) Characteristics of the sample: including socloeconomlc factors,
cultural factors, geographic loéation, and type of communlty.

” o -

4y Length of time: from’ minutes oer day’ to total number of days,

. A weeks,. or months. “
. . B * .

- x L - R ~

v, ., (5) Theoretical.basis: reason or rationale for using materials or
i procedures. . 1 ‘.

g o ’ "(6) Sequence placement of activity: introductory, during development, - , .
) 0f concept; or for practice. .

. . (7) Use of symbols: initially, throughout 1nstruct10na1 period, or’
) for f1na1 culmination.

‘ (8) Nature and- generarlty of materials: iflustrating a w1de.var1ety
' of concepts, a fiumber of broad concepts, or onlv one or two
narrow concepts.

0 )] Manigulative level: level of .access, ranging from remote demon~
s . stration by teacher ‘to individual manipulation; type of use,

/{ . rapging from object manlpulatlon to picture study; and purpose
VS Lt of use. ’

S (10) Perc;gtual variability: the number of different materials used,
. and the number of different examples or explanatlons given for
each material and/or each concept.

(11) Guidance in the use of materials: ranging from hlghlv structured
) to free exploration.
- - t

(125 Social interaction: large class, groups, individualized, or
", : 1isolated. . o )

(13) Cost of materials/implementation: ranging from high to low.

(14) Special facilities needed: classroom arrangements, storage, and
other factors. ' . -

oo - R
.

" LR - - 1
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- (15) Training of teachers: minimal traiﬁing; use of training materials,
or special in-service sessions (or experimenter—taught).

(16) Extra staffing needed: special teachers, teacher aides,. and/or
parents. ’
.--ll.‘.~ -~
(17)- Special time factors: large segments of tlme needed, 'regular"
Lontent -not covered, etc.

s

(18) Correlation with remainder of educational program: ranglng from
integral to confllctlng

[}

"(19) Research and design factors: the nine points ‘included on the
instrument in Appendix C represent the salient factors experts
on educational research have identified.

became apparent. There was too little‘stated in many research réborts to
3 . i . o
'eﬁeble us to complete many of the items. In a few cases, even such
aspects as mathematical content and grade level were not clea?. While we
had never expected that all of these items would be stipulated i; each

-

report, we were nevertheless surprised at how few points were presented

-

unequivocably,'so-that we could be certain that our interpretdtions were
. N

-accurate. As d result of this, the synthesis i3 presented under a3 more .-

x
~ PR

general set of categories thaﬁ anticipated: type of use of materlals,

Jtvpe of Iearner, level of learner, and mathematical content., While the

>
<P

focus is on achievement, attitude is also considered,, Research on programs
& ‘ ) N - .
o

and'modes is considered separateiy from that explicitly on materials.
: /

.
~. I .

Compilation of S:zudies ™ ;

. : / h )
- Appendix A contains an annotated list of those studies which are
aiscpssed or cited on tables in this report. 1In compiling the list of * :
studies to be reviewed, wé attempted to be a@'s comprehensive as possible.

However, certain studies originally listed were deleted because of inap-

propriate level, content, focus, or type. (Appendix B contains a list of

those studies which were deleted, and the reasons for their deletion.)

—

Among the types excluded were:

O

MC ( ' -
A . .
" W -

b

N L%

As we began to use the form in analyzing the studies; however, a problem

%
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R ’ - Piagetianroriented studies. Wé at first included Piagetian-
N - - -oriented research, since there are physical materials involved
. -as cognitive development is probed. But these.studiés are not
e concerned with teaching through the use -of .materials, while our
. “focus is on learning as it relates to effective teaching proce-
dures. The materials in Piagetian research aré predetermined by
-the theory and by protocols, which represent real-world situations
.. ) involving mathematical ideas, but not materials that the child will
CRRCT ) use to solvé mathematical problems or»apply mathematical ideas.
. - . ”~ '
- Studies on-activities involving no use of manipulative mafErials.
- Thus, research with such materials as cOmputer-assisted instruction
R : -programs or calculators was: not' included.
- - . o\ ; :
* . = Studies so global that the use of materials and/or activities was
) only one of many factors incorporated and the effect -of any one . |
factor -was indeterminable. . A -

. .
H N -~
: <« - -

.

L L ey 7 "Studiés in which the materials were used across treatments, so
: - ] " that the effect of use of materials was a controlled*variable ~
rather than an independent variable, and-their effeé¢t was not
-therefore -a factor under investigation. . .
- 3 . o -
;:' . ' .. Research and design factors, item 19 on the list of distinctions,
- provided a particular difficulty which was’ not wholly anticipated. We have

’ .

. . . ~ T . . i
‘been aware for many years of the conCerns expressed by researchers and

'otﬁersrabout_the'quality of research. We“realized, therefore, that we -

- qr
"

" "Would éncounter verydfew studies which could be rated excellent: the

el

'difficulty of conducting_reseafch in the c]assroom is well-documented.

. Wé 'knew that the most we could do, if we uere to have studies lef: in the .
setjto be considered, wopuld Be_to-sort.out-those in which we believe_too
little confidence can be placed because of design questions. Soue’
studies involved the use of materials, but were ot citable for reasons |,
varying from control ‘of variables and cdtfounding of variables to lack
of clarity. ‘These studies are.listed on Table 1, with the reason for ex- -~
¢lusion from the discussion which follous noted. All of these studies are

" annotated in ‘Appendix A, so that‘readers can consider their findings, but

‘in terms of the stated reasons for non-inclusion. As one reads this report,

one can ascertain the trends-across a set of studies with quality of




". Cheatham

Author
Barragy

.Barrish

>

Choate

'.Cooke

Cokfotd‘

-

-Crabgree

Dashlell/Yawkey

Dawsqn/Ruddell

. "-'DeFlandre

Dilley -
Eudy
Farris

Finley
Genkins
Gipson .
Hirschbuhl
Houtz

Jencks

Jonés
Kapperman

. Kellerhouse

Kratzer
Kﬁhfittig .
McGinty
McLaughlin
Miller

Mott
Nicodemus

STUDIES NOT CITED-IN THE REVIEW

Date
1970

1971

1970

1975

1971

,1966

1966
1974

1955
1975

1970
1973

1971,

1973
1962
1971

. 1971

<1972
1974

1969

1975

1974,

-

1975.
1972,

1973

1972,

1974

1973

1972
1964

1959 |
1970 ©

-

y -

type of study: feasibility of developed text ’ -

[N

Focus/Reason for exclusion

-10- ‘ . ) "%

"TABLE 1

- strategy: inductive-discoverv vs. deductive-

type of material: matching photographs with
camera position

reception; concrete material¥s used in ‘both
as feasible R
type.of material: compass/scralghtedge or
- paperfolding; lack of control of variable
sequence, conceptualization; paper-folding
and diagrams used across groups
type of material: attribute blocks;
" strategy . .
sequence, time; bead frame andlother materials
" used across groups
type of study: case study with pumber line /
type of study: action research with two ;ypes i
of balances )
focus on algorlthm, materlals used with bo7h
_treatments
type of study: feasipility of developed qnlt
on other number bases /
focus on algorithm: materials only. an adﬁunct '
“type of materials device not generalizdble Co,
focus on transfer across modes’ / . 2

focus on

test items with or without materialsx
bilateral .symmetry: paper-folding or mirror used
type of study: -lack of control of/varlables
focus on transfer across modes /
type of- ‘materials: models, slides, plctures

for test items Y

on geoboard g 1
test items with three types of probablllty items
type of material: abacus for blind; limited

control of variables /

‘type of study: pcor coﬁtrol of variables

focus on algorithm; materials used with both
coin conversion; length of time llmited (2 days)
type of material{

. strategy
type of material:

attribute blocks:; focus on ¢

block task |, o __7~

-type of study: poor control of variables

use of aid$ not“clearly specified
type of material: attribute blocks, focus on
strategy
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. o _ ' TghLE 1 (Continued) R - L

i - Author . Date Fogys/Reason for’ exclusion T e . / ;
s < Portis . 1973 . test items with varying aids . ’ / ‘
i ¢ Prindeville - 1972 confounded variables T e o i -2
- ~——Purser K 1373 feasibility study; pictures rather than : ; ;
H actual instruments used . /
: ’ 'Richards l 71 use of ruler , RN
;. Schott 1957 action research; focus on- rationale
" ‘Sherer. 196 use- of materials not explicitly controlled .
- / Sherzer 1973 \+ * number lines focus on algorithmic Procedure
=TT 7 Sprosst T T "71962° ~ 7 control of materials vague 0 T TTTT{em————
I ~ . Swick . 1960 . type of study: no control group - .
. Tannér .. 1972 control of variables questidénable :
- Thompson 1974 cage study: materials used (only) to elicit -t
DL o . Tesponses : . . :
Trifton . 1971, focus on developmental time :
: "+ Van Engen/Gibb ‘ 1956 use "of materials not controlled =
e Vitello e clags inclusion 2
SE - Weeks ) 1971 ‘type of ‘material:. attribute'blocks, focus .on i,
A el .o o strategy
5 ’ Wilkinson, G. - 1971 . type of material: films and filmstrips in
L, e ) - ‘ addition to objects (objects not major focus)
, 7 P j :
':"“":' . .7 N 3
{ . s o~
1
v M - '
¢ 4 ‘ 1y - g
7 1 ‘ o~
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_to alleviate the feat of potential bias of the teviewers;

. ~12-

research taken into éonsideration; one can also check the excluded studies

A N

The Task of Synthesis . i )

We began this revi w with the firm belief that the role of manipula-

- -

“

gtiie‘materials and éhe efﬁect “of actlvity—based instruction could be made

-

a ‘_\,?. o .
clearer by an intensive ana1y31s of the research -- although we did not

‘ M ‘

believe that all of| the answers to teachers' questions could be found in

I

existing research.f”By the midpoint of the review, we were beginning to |

'

realize the approptiatenesskof an analogy: that of the ohotographs found

7 ﬁ‘

in a newspaper. when one looks very. closer, the fact that the photograph

.

actually consists of a set of dots with space between them is obvious. It

r
I

is not, unt11 one stands back that the’ form or outline emerges, and the

> ! . W "‘ N 3 !

pattern or'picture is apparent; Even so doeé‘the meaning-of\the studies

> |
. -t

on manipulative materials and activity-based instruction remain unclear
. i N 7/ N

until: one séands!back to see the pattern. Getting "bogged dowm" in details

does not help. Individual studies make a contribution to the whole;
. — ’ .
r

unfortunately, however, there are many gaps in the research =- points *~
- . {
o, = re | - Lo .
which have rema%ned unexplored -- so that the entire pattern or picture
N ' " _—
is not yet! obvious. .

v

|

i

As in most*research studies, the effect of the teache;ﬁﬁerves to
Yeget ol "

>‘ o -

E 291

- \
»confound other variables. Because it i% S0 &1fficu1t ‘to control» “identifyy-.

1

and/or isolate the precise nature of the interaction between teacher and

‘. R . ' -
" b

learner, or between the teacher's strategy and the instructional materials,
, bl g

. { . ] v N -
the "teacher effect" hds, across -research, been held to account for the

g 4
.greatest amount of variance. Thus, Sole (1957) notes that "The effeotiveqess

. ¢

of the iearnihg of "arithmetic depends more on’the teacher than on the

maLerials us#d" (p. 1518). And Reys (1972) émphasizes that 'the one common

i .
| f >
| .
i
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i; . thread among these studies is that learning mathématics depends more on

RS

the teacher than on the embodiment [material] used" (%. 490). o

~ The teacher effect in most of the studies we reviewed leads us to

® ~
4

*Ihe same conclusion. The teacher.is, without doubt, a most volatile

.. e ) & ..
{ o . eélement in research conducted in a classroom. Research evidence has yet .

”

to confirm the factors involved in effective teaching, but many educatogs

- nevertheless believe that, if teachers are committed and well-trained in

.; ) \ s X R . ' . ?
@f . termi:of knowing both the child and the curriculum they will have a very ~ L %
- B positiyg effect on a Chlld s Iearning For instance, Harshman et ei._ J
gkj:‘ . . st ~ . '*. - ) ) e s
oo ~v(1962), in_summing up their study, note“‘ . T
e B, ‘ ‘ !

o L .~As one examines the ranklngs of the'twenty-six. classes, ' o
i . - - 7 oneis impressed by the fact that some classes ranking o
.ot low on. intelligence “have high rankings in arithmetic ) oo
.. computatlon arithmetic reasoning, and total arithmetic ’ :
- . achievement. This might suggest that one of the factorsfﬁ :

involved was effective presentation of concepts by the
teachers:' [p. 192] .

7 "

Because variance in research findings can frequently be attributed to

At

the teacher effect (that is, to differences between teachers)z,we have

séarched for categories or sets of 'studies which cluster. One study may

I

be affected by individual differences of particularuteacherS' several

studies involve a broader base of teachers. When the flndings of a set of

I . s
“ . ¢ N N N . S

- B} -~ 4 & ) s
i \\\studies concur, the result is more likely generalizable across teachers.

- . . : 1
"' Nevertheless, teachers’ should test research findings in their own classrooms.

. Research can only indicate what ip general is effective or.appears to be | =
i . - . ] N 4 |
"truth". o R . . o

- Yo ~

A, ‘ . . , B

K .t . | )
In-the remainder of this report, we will focus on those studies which

-~

vemained in the set. In Chapter III, studies involving materials are

considered, -while in Chapter IV research on activity programs and modes

of instruction is discussed. - Cc.
' ’ S ] o
o ) ' . - i

- E lC

.

N

hd

o v b
Fooowf el e,
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1 III. jResearch on Materials' - i - \

The first‘£o4r sectibﬁs'sf this'chapter focus on research specifi- ,

- “ { . .
£ N

cally related to ¢haracteristics of materials and their use, with some

form of achievement as the dependent variable generally being measured. . . _______ ..
f . S

Then the focus shifts to the learner, with studies on materials classified

N -

by learner chara;teristigs and by age or grade level. Mathematics content
‘ ¥

‘ | . S ) :
provides a sevenéh focus, with an additional look at the interaction'of ac- s
- | >~ . .

tivity and content in studies on multiplication. The last section con-

f ‘
- siders affective results separately. - . ’ ah
Manipulativé Materials: Yes or No? - o L . . R
- ' N , “ayr N
Does the gsehof manipulative materials help student achievement” in “ ‘ 2

.
. . ¢ .. . 3 .
<

mathematics? Both classroom teachers and dévelopmental psych&logists L

\ ' . 3 ~ '

e \ generally hold strong beliefs thst it soss. Classroom teachers often - {ﬁg§

: | ‘. base this belief on experiencss With yousg childxeé, at grade levels ' :
. v . \ where reading and symboli;atioq\causé lea;ning-diféiculties. At thess N ‘
? ‘ | \Qevels, the use of.mauiﬁﬁlative ma;s}ials méy,be the only viable alterna- - ; ‘

A
;: \ . ;_\-
tive available to the teacher. ODevelopmental psychologfsts often cite .

-~ '

Pféget as providing an example of a theory, which ﬁ&aces’manipulstive .

materials or concrete objects in a special prerequisite function in the

development of learning structures. Yet neither terchers nor psychologists

are apt to derive their conclusions from research ofi classroom-based
- - M x N <

N / . s
“learning and teaching situationms.. . &

. Nebertheless, a large body of research exists which is related to the

question of the effect of manipulative materials on mathematics learning.

’

Many of these studies, however, developed not from theory but out of a folk-
. M ¢ o\

lore of beliefs about activity learning. Perhaps because ¢f this, they ﬁre—

sent what appears to be an almost raudom selection of independent variables /

ERIC - ... 21 R I

[AFuiTox provided by ERIC R ; /
" .o g
= . W /

v . 2
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and treatments. ‘Making sense of the results of\ihis reseatch requires

.

!

a Qéry carefdi sifting an% categorizing of studi‘s. :

-

: Over 20 studies were identified comparing legsons in which manipu-

lative materials were used with lessons in which Agnipulatjve materials

-

i : 4 Rt )
were not used. The%e studies ‘covered all levels from grades L through 8,

.and ele@éﬁtary—schOQI mathemati¢s concepts ranging from number recognition

- . |

to operations with fractions and ‘units of ‘geometry.' The results are
: 2

N

summarized in’Table 2. Of the 23 tudiess, two favored lessons in which'.

i

manipulétive materials. were not used; 11 favored lessons in which manipu-
i Y 4:.' K

lative méi;r{als were dsed' and in sa\no statlstically signlflcant dif-

fererce in achievement was found betwéen lessons in which. materlals vere -
. -/
ugedand those in whicﬁ materials were \not used. -~ N

» \ -

L

[

T.%\)/// Approximately half of the 'studies comparlng use and non-use of ma-

: tréatments; for another tHird, the data are clearly different but not

terials thus favored the use of materialsi A closetr look at many of these

»

studies is justified: for a third the datq a;e'markediy different between
N - 1] . .

» .
“~ 4 ° - 'y

markedly Su, ror the other third, the data indicate a weaker}difference.

(See/Appendix E for;pertlnent data from each} study on TaPle 2 ) But while

’vt =
this variance eYJsts,,;he fact remains that thn differences whlch were

significant on most’ of~the vargbus tests favored the use of materials.

bl

AN -

In almost the same number of studies, no significant differences 4

were found. A look at the data indicates that in 6 of the 10 studies,

‘there was a tendency for the group which did not use manipulative materials

. to score higher than those who used materials -- but this trend is charac-

-~
2

terized by very slight differences (as one might expéct in the case of

studies reporting no significant differences). The trend toward favofing.r

i

RS

. . e ' _
3 Tobin (1974) reported data for two samples. .
MY«
< .

— .
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. ' TABLE 2 - _ P
e STUDIES COMPARING USE OF
* x\_IANIPULATIVfE MATERIALS WITH NON-USE
s - Grade - S e
“+° Authér ' Date ' Content level n* Trend Strength**./"' '
: A . ' - . - RPN
1 o~ w0 s . B * 3
o ) ’ Favoring Use of Manipulative Materials i
. -;Basb’;"_ 1976 multiplication 2 3¢, . -
S fadts ‘ 76 p
Blédsoe ecﬂal -1974  fractions 7 339 » ¢ ++ -
Bolduc 1970  problem solving 1 36 p + A
Bring - 1972 geometry 5,6 102 p + :
Brown . - 1973  fractions _ 4 12 ¢ + o
: Cook et al. 1968 - several topics 1 105 p ~ . 5
"Earhart . 1964 ‘'several topics , 1-3 1088 P N - - -
Nichols 7 21972 multiplication, 3 10 ¢c,. T T
.o i division 267 p P . .
Nickel © - 1971 " problem solving 4 90 p. - 3
Tobin 1974 | remedial - age 9-12 202 p .(MRs) K 4 oL
Wallace J974.  fractions . 4:6( 154 p ++ & ;
- - No \Significant Differences . N d ‘ ) DL
Aaderson. . 1958 geghetry . 8 408 p g N - .
.. Bisjo .77 1971  fractions 5 501 p N U - P
' Coliharp ) 1969 integers ' 6 . 79 p U N -
g # Davidson 1973 . sewveral topics 3. 16¢c - N .U -
‘ Dunhép et al. 1971  remedial -~ 4 12 ¢ Nou -0
"Macy } , . 1957  several topics . & L 2¢ N U -
N McMillian 1973  numeration 7 '},ZOQ p N U - o
© " Tobini~ ‘ 1974  remedial age 6=9" 28 p  unclear - ‘ .
Trask 1973 ° .multiplication, \ 3 -65p N, U -
— ‘ division -
Weber 1970  several topics 1 6 ¢ u N - J .
! . S S . : Y "
’ N . S
: Favoring Non-use of Manipulative,Mgteriais N
\ \ = ,
Carney. ) 1973  rational numbers -~ 4 8 c . ++ g
. S8mith, J. 1974 geometry . 7 4 ¢ . -,
) < \\ ‘-
£ . T - T
In tables, ¢ --» classes Uu--> Use of materials
p = pupils 7 N --2 Non-use of materials
s -=% schools \
¢ %k N ' ’
- "Strength" indicates a subjective estimate of the\deproo of differences
. in scores, considering the-qualitv of the study ard the data, with
’. T ++ -<> high, + --> average, - ~-> low. Porthbnt data {rom cach
" e study on this table are included in Appendix I, Lo\ald readers in
o ver1fv1ng the differences in geores.
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" the use of materials in 3 other studies is likewise slight. Differenc é

imight exist between tne treatments in&these studies, but their effect

-

&
were not. revealed with the measuresjhsed:‘ P

% Let us propose a way of considering the studies or Table 2. WHen we
4 . . e“l - .

‘consider these studies, we should contrast outcomes with expectatidns.

4
~ f

Suppose that there was, in facgﬁ no difference between. the use ané the

non-use of materials. We might then expect every §%udy to show hO‘signi—

ficant difference Or we might expect that*some studies would avor the
, < "‘g ," '/

use of manipulative materials while others\yohld favoratheir non—use, I 7
\ ';',' . /3

*according to the effect of uncontrolled variables (including the .teacher- -

- -

variable)‘ The "ffect of these variabies shduld be random, h0wever -
.the number of studies favoring use of manipulauive materials should be
s I3 \ . —

approximately equal to the number favoring nonfuse (and the number of

each should be less than the number of studies finding no significant * - R
i difference, forming a pattern analogous to that of the normal distribution --

curve). This is not the pattern found in Table 2. The number of studies -

~

favoring the use of manipulative materials greaily,eXCeeds the number

faVoring the non-use of materials.F T ’

,‘. R

Thosge scad{Es in this latter category are only 2 4n number. One
(J Smith, 1974) is categorized by data in which, of 15 gecmetry te
significant differences favoring expository instruction over the use of

multimodel or' unimodel approaches were found in only 4 instances -- but

—- \

. Z _ . . .
the trend of the remaining data favors the expository group in every in- . \

- stance but 2. We should note, however, that expository instruction

~ i

?

It. is possible that there could be a single study so well designed and i
executed that jts findings take precedence over all other studies on a .. | \
given point. This would negate the trend analysis. We searched our list -
for such a study (or studies). We did not, however, find any that ful-
filled this "exceptional" expectation. Therefore, we have had to consi-

- der trends. . s

6



resented by teachers was compared with manipulative lessons where all

instructions were read by students from booklets. It seems possible that

a confounding variable, reading ability, may have produced an effectijust

-

as strong as the manipulative/non-manipulative variable.

-The data from Carney (1973) clearly favors the'group aught by an

a sf;act approzch (based on, for instance,properties of wholé numbers

S

/# such as the commutati&é\property,'3 + 2 =2+ 3) over the grou;\taught
N N\

-

Similar types of comments could be made about studies in the other

two categories, also. There are reasons which can be hypothesized in ..—

S

almost every instance for why the results of a study we;e/foynd/::/:easons.

ranging’ frém confourding of 6ariab1es£to,experimenterjb as to strong or

d . weak .treatments. The overall point remains, hoWever: far more of the

&

studies favor the use of materfals than favor non-use of maverials.

Considering the evidence summar¥ized in Table 2 we believe that, on

e

a simple manipulative vs, non—.anipulative comparison, non—manipulative

i -

- . . \
lessons cannot be expected, to proGuce superior achievement in elementary—

school mathematics. The use of manipulative materials has a high probabil-

ity of producing .greater mathematics achievement than do non-manipulative,
sequences.

- s

The fact that inifo many studies no significant difference$ were

found between treatments may indicate that the way manipulative materials

are.used in lessons may be of critical importance.

N

factors

What are the influencing

for a strong manipulative actiwity treatment? Does the sequence

)

e

with materials. In contrast with other studies, the abstract approach g
was considered to be the experimental treatment' moreovr, it is inferred
j - T
that a large part of the control group's e;periences consisted of work - . +
Wi .
with diagrams rather than concrete materials. .= = =~ L

“w¥ . o
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of use from concrete.tq.abstract nake!a difference? Ipo the number of-dif- ..
. ) . . /-i Y
- ferent physical embod‘ﬁents or repre%entations of thé mathematical concept

7 7 "
S make a difference? Does it make a: ‘di€ference &hether the student handles _,
A ..
;" o materials or only watohes the ‘each7% demonstfate w’th matet#als’ Do age
. N l
,or other-characteris$écs of thT learnégfaffecé the outcome of the.treat_
z . - . { . .
D e ///ments?J Do scme mangbulative tfeatmints woxk‘better fors.some matnpmacics
: i - 7 : . ] K N
. ~ concepts or conten£ than fof‘éthers? In théJfollowing sections, research
Sf»‘ . e - ’ ’ o [ , .' ) # ; ’
s i —stqdies'will be flassffied in an‘a%tempt to ansner'these-questions.
u S . . . /{’ .e . f: o % %
{f‘ " ) Concrete, Pictorial and §ymbolic Sequences: Which"When?‘
: < ; - Through/the years, t the idea that the learning of;&athematics pro-
. oo AR f/
et - gnesses through three levels o/ abstraction has evolved and been pro—
? "‘ N 1 . \.«
: 1 gbundEd_(eigL, .see- Brownell, 1928) ft be"an (in. all probabilicy) with
?f e ;Pestalozzi, though its origins can be traced to earliev/times.
. : ‘7 ¥ “
S " . Until 1500 A.D., aritimetic throughout urope was taught . .
i "% . . . altogether by means of chjects. Aftef the introduction ’ ,
. . . "of the Hindu-Arabic symbols, calculating by. means of the
Loem s abacus and through:the use of objects:ceased, ‘and the =
oL * study of numbers became very abstract. Object teaching
T ' was discontinued until after the teaching of Pestalozzi
b % began to exert an influence. [Newcomb, 1926, p. 10] e
S T . A great réform 4in elementary teaching was initiated in K
o . T ) Switzerland and Gérmanry at the beginning of the nineteenth
e century. . Pestalozzi emphasized in all instruction the
" : £ neceseity of object-teaching. . . . The child must be taug
- . to count things and to’ find out the various processes -
. - . experimentally in the.concrete, before he is given any AR
{ - ’ abstract.rule, or is put to abstract exercises.. [Zajori,
: 1896, -pp. 211=212] ) ’
? Reform inharithmetical teaching in the United- States did
: , not begin until the publication by Warren Colburn, in 1821,
= ‘ of the Intellectual Arithmetic. This was the first fruit of .
. Pestalozzian ideas on American soil. [Cajori, 1896, p. 218]
By the 1930s, the belief was well-accepted that it was necessary for " the
‘ * young child to progress through three stages -- from concrete objects to

;pictures'to»symbols. . ‘ ' ?'

r
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Bruner (1966) have discussed these

" ‘ PV

Piaget (1958) and

hod
o5 v

More recently,

s

three stages with new labels attached: enactive, iconic, and symbolic. -

must learn by manipulating physical,
S :

sgnsé. Once this is done, they can

They suggest that first leafners

éoncre}e objects in an enactive

learn Ehrough pilctures or repfésenﬁations‘of objects in an’ iconic fashion.

I

.Eiﬁéll"they develop the a ility’to learn by manipulating only abstract
tinatly ;

. s

symbols. It is not clear whether this sequence is necessary for every

. new mathematics topic, or whether it can be shortened for some concepts

. Al -~
o . . .
or for some learners.at particular ages or stages.

-

Do concrete, pictorial, and symbolic treatments presented separately

have differing effects on achievement? The results of studies directed.
_to this question are shown on Table 3.

> B A

bolic treatment, and -they vary widely in'theig focus. Carney (1973)

Only three studies favored a sym-

worked with fourth graders using the nuﬁber line with one group\and an “f

abstract approach based on the properties of whole ‘numbers for his second

v

. o “ e . . .
treatment. Thus the students ir this treatment were expected to —- and
’ . . . ”

¥

s

e -'did -- exhibit transfer from previously taught ideas.

Shemo 4

?ﬂr ‘ _ 'Fennema (1970, 1972) found. the result favoring the symbolic treatment
- . N K . U \—q’
‘ only on a transfer test with symbols and not on a test of immediate

"achievemert. She introduced multiplication.to second graderc as repeated-

s addition facts (symbolically) or as trains of Cuisenaire rods (concretely).

! It seems possible that lessons intervening between the immediate achieve-
ment test and the symbolic transfer test might have reinforced the symbolic

P . treatment mcre than they did the concrete treatment (see also pages 48-54).
;’ . As she states, both treatments were developed meaningfully: :this might have

been the key variable. ) .

Y

In the third study, Rathmell (1973) was investigating the effect of

e

sequencing differences as first graders began te work with numbers greater

[ . . “
%
. | 3

2 )
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S _ TABLE 3 . .
STUDIES INVOLVING COMPARISONS B . ‘
OF CONCRETE PICTORIAL, AND/OR SYMBOLIC TYPES OF MATERIALS - -

3 R
~ . < t
FR . .

‘. _ ~ i ) Grade'*®
B " Auther . Date Content level n'
VoL, . ' Fa&oriﬁg Concrete ca
Lo Armstrong 1972 sets MA 2-4 20 p (TMRs) .
i+ -. : Clausen 1972 several topics , _ 8e, 177 p
o ; Ekman . 1967 addition, subtraction 3 - 27 ¢, 584 p
- Johnson, Robert 1971 geometry - 4-6 96 'p
: f’Nichols 1972 . multiplication, 3 10 ¢ 267 P
e ) division- .
4 ,Shogcraip : 1972 problem solVing 7 (9) 12 ¢, 366 P
. , Wood .- . 1974 multiplication L 13 - 40p
r SR ) (transfer) ~ -
;A ( Favoring' Pictorial
Gibb 1956 -  subtraction - 2 7 36 p.
) Favoring Symbolic
Carney. - 1973 ratiopal numbers 4 B, 240 p
LT Fennema . 1970, multipllcatlon 2 95 p
: B "o . 1972 (transfer) - )
: . Rathmell 1973 numeration - 110 p
oL éoncreta, Pictorial ? Symbolic i L e
Bohan 1971 * fractions (equivalent) 5 _6¢c, 171 p
Carmody . 1971 numeration 6 . 3¢ -
Curry . 1971 numeration 3 3¢
! LeBlanc . 1968 ° problem solving 1 338 p
— (subtraction)
Nickel 1971 . problem solving 4 90 p
Norman : 1955 division (transfer) 3 24 ¢
Scott/Neufeld 1976 multiplication 2 9 ¢
s Steffe _ . 1967, problem solving 1 132 p ‘
1970 - (addition) |
Steffe/Johnson 1970 . problem solving 1 111 p
(addition) .
~ /
‘3 : No Significant Differeﬁgg
.o . = -
) ~ Armstrong 1972 sets - ] MA 5-12 67 p (EMRs)
o ’ Bohan 1971 fractions (operations) 5 6 ¢,.171 p

- Denman . 1975 addition, subtraction 5,6 . 33 ¢, 455 p

i
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Author

¢

Date
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TABLE 3 (Continued) ‘ -

Grade

. Content level

4 - “z
M 3
S
|
.
v R
S -

4 L . <
e -
No Significant Lifference (continued): - ’ :
" “Fennema 1970,  multiplication 2 . 95p o
- : 1972_ (other tests) e
Green, G. 1970 fractions 5 ~ 120 p -
Norman 1955 division (immediate) 3 24 ¢ A -
Trask 1973 multiplication, 3 65 p ) :
S ! division - .-
Wood ) 1974 multiplication 1-3 . 40 p .
(immediate) = . . " o
’ =z e ’ - T
N : - - “ ~ -
> . : :
e . - . i
7 '
- ., ,’;‘Q - k3 -
T - ~ )
-‘ - ‘. ‘/ A
, . ‘ 3
- { - -
¢ Lt RY
- < M . < -
> ‘r‘ ,: ‘ ">
-~ o ? 3 - f- T X
] h - I3 '
29 .
- A <’ -
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than 9. Having pupils ‘read 'and write numerals.before giving them experi-
| . . . - ) N -
kr “ences in regrouping with materials appeared. to have a positive effect on . .-
achievement. ;. - : ) g

. z t

(25 -

o, Gibb (1956) repnrted dlfferences favoring the pictorial treatment-

~ v

(4]

over thé concrete. Sqe found that a higher level of performance on ‘sub-

“traction probiems was associated with problems whlch were presented with ‘ .o

fia . * - _l
stimuli in the form of squares and/or circles mounted @n cards. Abstract

@,

[

© .eontexts were the most difficult. However, popular belief appears to be . ’ R

-

L ’ mir:ored in her conclusion that ' g ]

. ﬂ, Children have less dlfficulty solving problems if they:can
manipulate objects or at least think in the presence of
objects with which the problems'are d;rectly associated
-than when solving problems wholly on a verbal basis. [p. 77]

A

Céncrete treatments were found to be superior to both pictorial- and ¢
;, oL symbolic treatments by Ekman (1967) at the third-grade level and by .Robert

Joknson (1971) in grades- 4 through 6, as well as by Shoecraft (1972) for

A A

I ) some problems in grade 7. For the concrete treatment, Ekman used cardboard

disks and holders on a number line while teaching additiaen and subtiaction.‘

-

Johnson used geometric models  to teach perimeter, area, and volume concepts. . ~

These are only two studies which illustrate_tbe point that quite different

- =
] = .
¥ kS M » . /

types ggbconcrete objects have resulted in findings of superior achievement
in differing areas of mathematics. !

- Y

Q

Both concrete and pictorial treatments were found to be superior to -

symbolic treatments in effécting achievement by Carmody (1971) in grade 6,

k4
-
24

Chrry (1971) in grade 3, and Scott and Neufeld (1976) in grade 2. In all .>*5““‘“

\
<

three 'studies there was no statistlcallytsignrficant dlfference ‘between
the concrete and pictorial treatments. Denman (1975), .Green (1970), and

Wood (1974) found no statistically significant differences between the

' . - ¢
8 « .

T o U
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three types of treatments. In Green's study, involving multiplication with
fractiqné in grade 5, a difference favoring diagrams over materials was
indicated. However,.Green points out that the difference in achievement N

was verv small, and that the use of diagrams on the—athievement test RS

might have favoréq the pictorial treatmenéigroup. Indeed the difficulty
A '

of testifg for achievement in ways that do not favor one treatment.over

another is a serious problem in many research studies.
On the whole, the studies op Table 3 show that symbolic treatments
are pfobablv at a dJdisadvantage when used alone. This finding is consis-—

I

‘fant with the trend favoring the use of manipulative materials noted on

>

Table 2. ' (Nevertheless, many matheamatics lessons involve the use of

numbexr symbols only, particularly after grade 1.) The studies which '

found pictorial treatments to be superior to svmbolic treatments confirm
that pictures and diagrams can also be.important in designing mathematics
lessons. However, pictures are'rarely supericr to concrete experiénces;

thus this importance is a relative one.

‘Qo'difﬁerent sequences of concrete, pictorial, and symbolic treatments
Lo - . Fony
- produce differential efﬂebts on achievement? Such questions of sequence

.

are not as easy to research as the previous question was. On the one

hand,” one can vary sequence by omitting a type of treatment or by changing
the order of the three types of treatments. On the other hand, one can
vary sequedce by repga%ing certain treatments in such a way as to place

\: | ' s ¢ ’

more relative emphasis on one type of treatment than ancther. When these

~

.possibilitiés are combined, the number of possible sequences that can be

-

L P
1nve$tig§ped is infinite. 4
9 N A

‘Only three studies were clearlv directesd at the question of sequence.
0Olley (1974), in a five-lesson study w@ﬁh numeration ideas in grades 3 and
. . \ .

7, found that, for(}ransfer, concrete-to—sv@bolic sequences were preferable

\ .
e
‘\\3 ..L
N \\

P epe T

24
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- to pictorial-~to-symbolic or symbolic (alone) sequences.' {(No significant ) . é

differences.were_found, however, on a reténtion test.) Punn (1974} o

. x ~ -

studied third graders as they worked with multiplication using concrete-

> . . +

s
=~

to-symbolic, pictorial-to-symbolic, or concrete-pictorial-symbolic A

sequences. Higher achievement was attained by those moving in the i
» 3

<t

~ .

boncreﬁe-to-symbo}ic sequence, followed by the concrete-pictoriaj-
'gfmbolic.' Poorest was the pictorial-symbolic sequence.

7St._ﬁqrtin (1975), in contrast, reported no significant differences

> Lot Cy
A

" between fifth graders using a concrete-pictorial-symbolic sequence and . v

those using a pictorial-symbolic sequence on fractions. He.noted,-.

N
L P »

however, 'that use of concrete materials resulted in some higher subtest
scores. ) oL - .
Thus,\again, the concrete stage appears to have an important role.

- e —

Embodiments: One or Many?

P

~

Dienes (1961) argues that one key to¥mathematics learning and teaching

P
P

is the presentation of a mathematical concept in several different phygical

forms or embodiments. The use of different representations causes the

¢

> child to rocus on what is constant across them -- the mathematical idea,

.

. . ,
In other, words, tpe child is expected first to transfer a learning from

o

one context to another, and tﬂen, mo?é importantly, to generalizé across:
_coﬁtextsiand thus develop a firmer understanding of ;he_mathematics.

This i; a very complex process for children. Gau (1973) and Beardslee (1973),.
in studies of concépts of equivalent fractions with fifth- and sixth-grade <

P

students, found no difference on tests of either transfer or generalization
4 Iy
between treatments involving one, two:/pr three embodiments.

Their lack of strong findings,/ﬁéwever, should not be interpreted

as meaning that there is™no connection between use of embodiments and

| ‘

S - | 30
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D o

Lo addition and subtraction pro ‘ms with three or four representations of

ﬂ\‘\

- ' '>\ problems with paper and pencil than childr;n\whg\sould only demonstrate

.one representation. ThlS correlation was not affectéﬂ\when the data.werz

"‘r j ' ) - A“. \ ” ' : ':"g |
blo%ked b¥ age, 1IQ, or-knowledge of basic addition or subtraction combina- ’
tionms. . f : . AN .o

Wheeler's ccrrelational study cannot, of course, identify whicha\\\\\f\l
i variable’is‘the causal factor. It may be that ability to represent multi- '

_ d ple embodiments causes -a higher performance on multidigit addition and
. I ';"
subtractnon problems, or it may be that greater faC1lity with addition

| <

and subtraction gives more insight into constructing phvsical representations.
o . v

Research attempting to pin down this causal relationship by designing y

teaching treatments using varying numbers of multiple embodiments is

generally inconclusive. In the one study with a directional finding,

.

! v ) . . . |
J. Smith (1974) reported that an expository approach was more effective J

N

y i ’ :
in teaching area concepts thar'was use of either one or several models

(see pageél7 gor a comment on his-study), But in addition to Béardslee

x

and Gau, Sole (1957) found no effect due to varying the number of embodi-

L ments at the third-grade level when teaching- addition with'carrying. In

.

a study conducted during the past year in connection with the Project for

Pl

. the Mathematical Development of Children‘at The Rlorida State University,

’

half a dozen embodiments were used in developing each of several mathe- ' .

t .o

matical ideas. .Behr (l976) indicated that, although‘the data analysis

was not yet completed, preliminary analysis indicated that the. finding

of no significant differences between number of embodiments would proba-

»

" bly be found. - v

34



LERIC

Aruitoxt provided by Eic

NI

‘must be taﬁght Specifically/to transfer and to generalize, Children must
N . i .

The‘Beardslee and Gad studies utilized .programmed instruction formats,
> ; N : , _ > ¢ >

: . j ; 4 :
in whic e cannot ascertain whether learners were actualfy focusing on
.n"\

" . - * : “; x N , . . \
. - ! - |
‘ . " - N § ; L4
N - } et . L .
- . | i
” [ | 5 i
Although the argument for multijple embodiments seem# plausible, the °
. 8. .
indication of these few studies that it is of little practical conse- ‘
quence may in fact be correct. Th# process of finding.constant ideas across
. o Y ‘ -t
a variety of situations requires bﬁth reflective and retroactive thinking.
o ’; ~d

.
o

We know from other research which focused on transfer (e g., Kolb, 1967¢;

) s N
Sawada, 1972) or on generalization (e.g., Swenson,. 1949) that children L

TN,
BN . /

be made awarelof the point/that what they learn may be applied in similar
- and not-so-similar ——/situations. For most children, neither process
in | -

is spontaneous: They must be given strong guidance and focus by the teacher.

Without the teacher strongly focusing the attention of!thenlearners, .
' [ F : ‘ » 4 .

relatively little'leafning might be expected from a Va%iety of embodiments.

v

' ‘ * j\

the vital or rele t components of the instruction; their results reflected,

weak effects on achie;;;ent\hz\their treatments, perhaps attributable to.

this factor. / \\\\\\\ , .
A ‘

~
~

.

It.1is extvgmely difficult to design experiments which vary the number
/ o ro. N
of embodiments/presented without also varying the amount of practice, time,
7 . .
or intensity/bf presentation. In fact, many classroom teachers would find

~.
~.

- 2 .
- ~

3 A

it easier to manipulate time, the amount of practice, or the amount of

drill. It éhould also be noted that multiple-embodiments have actually

‘markers and hops on the number line are being given a basic multiple .em-

~ -

been used in many other studies than these few in which they were identi-

-

fied,as the factor of concern. Perhaps children who count using both

,bodimenf experience. Considered in this sense, children used several

types d% materials in many of the studies considered in the previous two
] v

v

sime R
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£A

P, sections. But until the interaction of all these variables is better
.. . FO— 1

understood, the expectation that use of multiple embodiments, as a ingle

4~’

reaz .

{ . : factor will affect achievement ooes not seem to be warranted.

‘To help children’ understand applications of mathematics or appreciate the

. . N
: . utility of mathematics in today's world, presenting mathematics in a

.o
. . ~ -

variety of physical and practical embodiments certainly -seems logical.
‘ y The'inclus#on of multiple embodiments may be important to tonsider as

course.oojectives and long—range curriculum goals are determined. Unqif

B 4

reseafch- can further clarify the relationship of embodiments to immediate

1 learnlng, it would seem that orograms should not be limited to the use of

"honly one type of embodiment. -

\ v ' -
P N M - '
I ”

. whd Sﬁall Manipulate?

. Doesxit make-a difference who manipulates physical materials in the
. | : ’ )
classroom? Several studies have been concerned with comparisons between

e ’ <

(oS
e

Achievement outcomes of these studies are summarized in Table 4, 0n1y one
~ . . i
- study favors “the demonstration mode (Trueblood 1968 1970) It is impor-

tant to note, however, that in Trueblood's teacher—demonstratidn_treatment

pupils wege asked to focus on thinking about’madépulation of the matetials "

:

5 . - ,
as the teacher worked. He termed this "covert manipulation', and the strong
i .
. !
focusing on vicarious participation seits this treatment apart from the.

usual idea of teacher demonstration. /
© ) /

2

These resulgs seem &uite consistent with those who advocate activity
learning approaches. Learning is believed to take place because of mental
N activity by the learner. Physical manipulations by the learner increase

" ‘tne’probability of this mental activity. However, the four studies whicn

"ERIC

P e

?here are other criteria By which multiple embodiments maz be justified.

individual student use of materials and teacher demonstration with materials.

- O
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R . - TABLE 4
< - STUDIES INVESTIGATING PUPIL OR TEACHER
<o USE OF MATERIALS
e L R ' . Grade
Author Date Content : > level
g' R Yo ‘Favoring Pupil Use
P . 3 . .
: ; : ‘ " )
™ .% Branch .. _ . 1974 Integers (addition, “ .6
fs LT, . - subtraction) .
; > Gilbert' 1975 Addition, subtraction 3
: g (two—~digit numbers)
£ . ‘(one school) "~
?{ ) . " Toney 1968 Several topics 4.
SR ' )
- ;:[ tf T No Significant, Difference -
& © Bisi6 . 1971 . Fractions TS,
;T . ) . \ VA .
* ©,Gilbert 1975 "Addition, subtraction 3
¢ R L B (two-digit numbers)
' ‘(second schoo})
. Jamison 1564 Numeration 7
. i’ Y]
Knaupp 1972 Numeration 2
; Favoring Teacher Demonstration
Trueblood 1968, Numeration ‘ 4

1970




.. as individual manipﬁiation.

—

T

found -no significant differences. between méthods remind us thaR individual

manipulation is not the only way to achieve desired mental activity.. When'
other factors such as cost or classroom facilities become important, there

e
- . #
‘ . 4 N

, ) ) . . \ i
may be ways to create demonstrations by ‘the teacher that can be as effective
ot -4 . v \ 1 )

Type of Learner

Various types of learner characteristics have been considered ;%

i

- »
<

factors on mhich°tg block and analy e data. One of these is achieveﬁint:

. what pattern of achievement have learners exhibited iu :he.paSt? While

: \
many educators believe that/iow achievers need to use materials more than

P

. i

¢

I

high achievers do,- that point is not borne out. by tesearch. Denman (19 5)

2 . -
> ~ "

and G. Green (1970) reported no significant differences. that is, the u;%

of materials appeared to be as effective at one achiovement level as at \
. . [ “ 4 - -‘

another; at_least for students in grades 5 @and 6. Shoecraft (;972), how—\

1
\
ever, stated that the use of materials did: not affect achievement except

e ™

for the seventh graders at the low achievement levei in his étudy. there '

* et

. - {
the use of materials seemed'particularly effective. .~ . . .

b 4

_,‘ B
Trask (1973) analyzed data by abiliity 1eve1 he found that students
§

in grade 3 who were below average in ability benefited more from the symbolic

. \
method, while those with above-average ability were helped more by manipu-

\

lative materials. He points out that the materials were confusing to

the low-ability students. Yet one study is not sufficient to have a clear
’ ’ - N
understanding of the effect of materials in relation to ability. * Other

. 4
studies (see Appendix A) which have considered the IQ variable have

N

generally veported no significant differences., Armstrong (1972) presents

the strongest evidence that manipulative materials help mentally retarded
s . . J/ e

/ .

children.

N o
‘
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: T " Wallace (1974) included approximately 50 students (one-third of her

- ‘ ) - .
"~ sample) who vere "classified as Title I students or welfare recipients" -~ |

- E in.a study og\the use §f varied manipulative materials versus expository
- - . " * Y
; g ’ feihd :L - ¥ i
instruction. \YThere wajs no clarification of how many of thé students wvere

- 7 N \
. A} -~

~
.

LI Y

‘in:Titlé 1 prbgra and how many were welfare recip#ents.) She reported

£

. that "the athiev#menq of the welfare recipients was not significantly T, ..

- * 4 _ .
:  differéent from the achievement of the non-welfare recipients", and con-

3 . . D C et
=~ wre T -

© « ‘cluded that ’ -

v

RR ATl RS gh T aes

1c can be inferred that any student, regardless of socio-
. " economic background, if given an appropriate learning ‘,’ .
» ' enviromment, can evidence growth as was indicated:by the:
‘ ‘ parallel performance of the welfare and non-welfare ° .’*;*
- "~ ¢ - . recipients. [p. 2899] ’

0 ~ -
v

In other studies, including some on activity-oriented programs B -

v,
I

cited in Chapter IV, the findings for students from low socioeconomic

levels are mixed. Crpwder (1966) and Passy (1964b)- found that achieve-

>

ment with the Cuisenaire program increased as socioeconomic level

increased.. ﬁisio (1971) reportééuno significant differences between

n N
Sy

' -.. » ) 3 - ! * . . » "

manipulative use versus non-manipulative use for low socioeconomic
RN ~ -

groups, while watching a teacher demonstrate with materials was better -

- s

than non-use for students from higher socioeconomic levels. Schippert

a

(1965) reported no significant differences between students using _

. materials in a laborator approach or having regular instruction. ‘ .
y .

1
~ : ‘

e

Weber (1970) indicated a trend favoring manipulgtive materials for first

’ ’ r B -
. graders from low socioeconomic levels. . - .

Hankins (1969) developed a special program for fourth graders "from

impoverished are7§”. Like many other programs developed for special

purposes, it was found to beé better than the "usual" program. .The ’ .

¢ <

-

.hqtivational effect of being involved in a project, of being provided

L

1
i
X

. <

- . . 1

P 1

o - . ] B

EMC . . o) . ¢
- e - . .
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With special help and instructional materials, can be attestéd to {by

thousands of stu%bnts and teachers. Students generally profit from -

the attention difected toward them in special projecgs: thatris, they

- L1
have positive reactions and sometimes even make achievement gains.

¢ s

Teachers should take advantage of this motivational effect ~- and

w

attempt to collect data on how stroqg and lasting an effect it is.
v -3

Age of Learner {(Grade Level)

Mzay mathematics educators fea2l that the relative importance of
¢ g "

activity with manipdlative waterials decreases as ége increases. , They
reasor that materiais are,iﬂportant until the child deveiop§;syﬁbolic
skil;s,'but.that once those skills are developed in one major area they may

“be applied to other areas. For instance, once addition is_hasﬁeréd

1

symbolically, multiplication can be learned symbolically by treating;it as” .

repeated addition. 7 « / -
Because of this widespread belief, the néed to consider results by E
T ) . .
age level is apparent. Research studies on manipulative materials were N

' therefore grouped according to the grade level involved, since most used

this designation rather than age. Summaries of these groupings are

- * ..

found in the tables which follow. Since not all grade leveis are equally ‘

-
~

represénted by studies, it was necessary to group together studies by

pairs of grades, in order to get a Clearer projection of the results.

Table 5 lists 16 studies conddcted in grades 1 or 2. Five studies

(Babb, 19763 Bolduc, 1976; Cook et al., 1968; Earhart, 1964; Steffe and

>

'
o W

Johnson, 1970) favor the usé of concrete materials-over the use of
pictorial and/or abstract modes. In two studies (LeBianc,’ 1968; Steffe,

1967, 1970), no significant diffzrence was found between concrete and
/ ’ ‘

2ty

)
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© . Bolduc
§ Cook et al.
\

»
~

Earhart

+  :Fennema,
- Gibb

-~

Harshman

., .

%

Knaupp

LeBlanc

> .

HMuckey

v

‘Scott/Neufeld

-

- Steffe

e *

Stef fe/Johnson

" Weber

P

Whegler

Wood
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. TABLE 5 - . ‘ . - . .
RESULTS OF STUDIES IN GRADTS 1 AND 2 . , .
) ""T’ R ; <
. To. . . . 1
Date Results ' : :
1976 " manipulative materials Y imagery or textbooks - . !
for multiplication facts . - - T .
1970 .visual aids ) no aids in problem Solving . o
1968 manipulative materialq') television or .
textbook ' _ - E
1964 abacus )_ workbook o "o, MR
1970, symbolic ) concrete on transfer test for T
1972, tultiplication . Lov
- - s ¥ 4
- 1 y
1956 pictorial > concrete‘>~abstract for subtrac- ’ ;
tion problems , t . :
. 1962 toacher-made program ‘with aid<;> \‘umlwralds ‘-
B (commerc1dl)fprogram S
1971, NSD bétween individual use and teacher ) . :
19322 demonstration for numeration o
© 1968 concrete = pictorial ) svmbolic ¢n subtraction Z
. problems _ ) )
1971 Dienes = non-Dienes materials at high $.35 -
. level; non-Dienes slightly favored a:. .
- -middle SES level for numgyatlon
- i . : \‘ .‘1
1976 - NSD between concrete, pictorial, symbolic . o
for multiplication ' _}
1967, - concrete = pic%orial:> symbolic on addition ) .-
1976 ° problems . : N :
i
1970 concrete » no materials for addition problems . 1
LJ
1970 . NSD bet 'een concrete and paper—-and-pencil ; . ]
\ follow~-up activities . E
1972 significant correlations between number of L o
' embodiments and achievement on mulci-digit =
addition and subtraction. e
1974 NSD between concrete and pictorial for ) N

multiplicaticn
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See

o

o

I

. a symbolit treatment was more effective than a concrete one, while one

o

t

pictorial treatments, but either was more effective than use of only

I
s
~

symbols. Three other studies also indicated no significant difference ) .

between concrete and other treatments (Scott and Neufeld,\;%YG; Weber,

4.

i970§ Wood, 1974). Only one study kFennema, 1970, 1972) indicated that

“

other study (Gibb, 1956) found that a pictorial treatment was more help- -

ful than a concrete one, but either was better than use of onlv symbols.

-

[The remaining studies focused or the type of use (Knaupp, 1971, 1972),
compéred two types of materials (Harshman, 1962; Muckeyv, 197i); or con-
sidered multiple embodiments (Wheeler, 1972).] ’The importance’of manipu—'

~ lative materials in grades 1 and 2 seems apparent from these results.

(2 L7

Twenty studies were conducted in grades 3 or 4 (see Table 6). In S s

(Earhart, 1964; Ekman, 1963//{ohnson, 1971: Nichols, 1972; Wallace, 1974), . ‘%ﬁ v
M /

-5

the use of concrete matifials was favored over the use of pictorial and/or
I

abstract.modes. And in'é others (Erown, 1973; Curxy, 1971; Nickel, 1971;
Norman, 1955); dse of concrete and pic;orial materials was better than usé

of only abstfagbnmateriéls. An abstract treatment was found to be more

efféctivé than qgncregé»or.pictorial treatments in only one studv (Carney, .

1973). No significant difference getween modes was reporfed by’3 studies

(Dayidson, i973; Trask, 1973; Wood, 1974). [Four studies (Gilbert, 1975;'

Prigge, 1974; Toney, 1968; Trueblood,~1268,’1970) cqﬁpared types of use;-_ %
-two (0lley, 1974; Bunﬁ, 19?4) foéused 6H'sequences; while another (Sole, . ‘
1957) focused on né&ber of eﬁ%odime;tsd]_ Thu§, the picture at grades

3 and 4 again indicates an advantage when manipulative materials are usud.

-

In Table 7, 12 studies with children in grades 5 and 6 are cited.

Use of concrete materials was favored in 3 instances (Bring, 1972; Johnson,

1971; wWafiace, 1974), and use of either concrete cr pictorial treatments
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. TABLE 6
'REEPLTS OF STUDIES IN GRADRE 3 AND &4 °

: Author Date Results . ) ) -

< ya

i “Brown 1973 text + manipulatives + film ) other combina-

: .. tions for equivalent fractions

: ) Carney* 1973 abstract )'objects + number line for additien : ’ :
) . . apd~subtraction with rational numbers

i ) . , } 1/. .

R Curry ) 1971 coricrete or pictures) verbal for clock .

. arithmetic _

; = N > :- N K]

. Davidsom - - 1973° -NSD in achievement, but better conservation

for materials-+ textbook rather than
textbook alone ~

i " Earhart 1964 abacus ) 1-:gfkbook P
g?‘ = v rd . - ~ 7 )
s Ekman - .. 1967 ~ebricrete ) pictorial or absgract “for

- addition’ amd subtraction

Gilbert . \ 4 1975 - individuaf manipulati"on’) teacher demonstration _ _
' . for addl"lon ard subtraction in one school .

s e NSD “in anoch.dr chook - -

. v - -
« ~ . . .

Johnson, Robert 1977, p}{vs'ical models and instruments + text
., . text wyithout models or, text without drawings
£ x ‘f‘gi perimet;er, area, and vb‘lutﬁe'concey?s . :
<. x=hy me
/

Bl

. Nichols ' 1972 matérialy with dxscoverv> traditional exposi-
; ) ‘tlon ¥or mult’plication and division LT
‘ Ve . .
Nickel 1971 Q_mate;mls x "1ctures> verbal for Droblem
2 solvm" . > '
% . - 1]
’ . N .
Norman © 1955 concrete 4 omtorlal ) te'{[ or conventional ' .
’ on transfer/retention test: NSD on_ immediate - -~
¢ - ' test_for division - x . / ’
. - - . . ‘\ - .
Olley 1974 ' concrete-to-abdtract sequenpes) pictorial-
abstract or abstract sequences on transfer
test on numeration concepts: NSD on retention
. Prigge 1974 teacher demonstration and student ;ﬁanivulat_ion N
of sol'ids ) parer and neacil or paper- foldvng..,
geoboard activities
‘ )
Punn 1974 concrete~-symbolic > concrete~-pictor ial—svmboli,}m)’
pictorial-symbolicSequences for multiplication &

. . . ’
v)
o '1 ot \ - -

. i

e




) e N -36- . “
X . .
- N
Ve A
- .
| TABLE 6 (Continued) S~ .
- N
‘: . o ’ R - e
A » . . . ——s
: " Author - - bate Results ~
2 ' - - { .
. .o Sole. \ 1957 NSD on number of embodiments used for addition
. , with carrving ; -
’ . < . p .
- - . -~ h - - A
Tizmey -~ 1968 individual manipulation) teacher demonstration
: - for several concepts
. Trask o 1973 NSD between materials and traditional lessons
-, for multinlication
. Trueblocd 1968, teacher denonstratmn) individual mampulatlon
- 1970 for exponents and bases
Wallace 1974 materials> traditional for fractions
Wood ' 1974 NSD -between concrete and pictorial for- .
- - N multtplication o
- s ’ .
’ - /
. / )
. .
, .
N
" A
‘9
43
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; TABLE 7 “
RESULTS OF STUDIES”IN GRADES 5 AND 6
~ fes :
. Yo~ 5 . . )
A Author ~ Date Results - . .
. \QA\— .‘ ) ’ = . - > - . : . t ‘. . :
. Beardslee . T 71973 . NSD on number of multipvle embodiments for
o~ ks fractions on generalization tests -
T Bisio 1971 NSD between pupil use and teacher demonstration, .
. : . but teacher use ) <o use of materials for . -
o , ’ fractions .
A . . ’ . .
Bohan . 1971 . diagrams--or .paper-folding )»abstract for
: . , equivalent fractions; NSD for overacions
: ) = with fractions . "
. - : N - Coa — “ .
Branch 1974 individual use )rteacher demcnstraticn for :
c - ' . integers | ¢ - ) :
% . * Y
a0 _ Bring . 1972 contfete‘> no materials for geometrv, B
« X > R . ’ ;
Carmody 1971 concrete svymbolicon transfer test on .
i . ‘ numeratibn concepts; picterial >>symbolic ’
: - on two other transfer tests and immediate
test . ]
Denman i975 NSD between concrete, pictorial, and svmbolic -
for remedial addition and subrraction
% . :
Gau 4 Y1973 NSD on number of multiple embodiments for
’ fractions on transfer tests s
Green, G. 197G NSD between materials and diagrams for frad tiou.:
Johnson, Rchert 1971 physical models and instruments + text >>
text without models or text without drawings
for perimeter, area, and volume concepis
St. Martin 1975 NSD between concrete—pictori§1<agstract sequence
and pictorial-abstract sequence for fractions
Wallace 1974 materials> traditional for fractions
~ ({
!
4
. \]
4 l‘:
. 14
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‘Brangh, 1974), sequences‘(SF. Mattin, 1975, or embodiments (Beardslee, 1973;

-38~

H

Qas better than a symbolic treatment in 2 others (Bohan, 1971; Carmody,

1971). No significant difference between modes was reported\ by 2 studies

(Denman, 1975; G. Green, 1970), as well as\by one cited above &n a second.’

measure (Bohan, 1971). [Other studies focused on type of use (Bikig, 1971; /-

.

Gau, 1973).| That beneficial effects may accrue from the use of concrete

materials at these grade levels is suggested by these results. v

.

~

Two of the 8 studies at -the seypnth— and eighth-grade levels (séé

> ~

. Table 8) favor the use of concrete materials (Bledsoe et al., 1974: Shoe-

craft, 1972), one reported "no negative effects" from using concrete materi-
o

als (Rich, 1972), while one favored the use of an abstract approach

(J. Smith, 1974). N5 significant difference between modes was reported by

2 zAndersoh,‘l958: Mcﬁillian,‘l973). [One study focused on type of use

(Jamison, 1963, 1964) and one on sequence (Olley, 1974).) Whilz the

total’ number of studies limits the generalization, nevertheless these
$

studies provide some evidence that the use of concréte matecials can be
effective in upper grade levels. ]

The variety of approaches, topics, and designs involved when studies

»

are grouped by grade level makes interpretation of age trends verv diffi-

. .
cult, We believe, however, that the studies do rot support the notion ~

-

that activity lessons with manipulative materials are important at carlv

elementary-school levels, but not at upper elementarv-school levels.

Studies ar everv grade level support the importance of manipulative acti-

vity lessons -- and more studies support the us2 of msterials than use

of only pictorial or abstract procedures.

\

o
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. ' TABLE §
)

i o o ’ ’
: i? . RESULTS OF STUDIES IN GRADES 7 AND 8
f a Author Date Results
: f Aniérsbn . 1958 NSD between mégerials and no materials for

geometrilc concepts .

: . 'Bledspe et al. 1974 : materials>> paper-and-pencil units for
‘ v . fractions and decimals ~

.
L. ’

. Jamison- . 1963, NSD between individual use and teacher
: 1964 demonstration for numeration 2 @
. < . ¢ &\
M N X ) '- ¢ . 4 .
‘McMillian ~ .~ 1973 NSD betwéen use or npn-use of physical model
-, . for numeration )
. 7 '
Olley - 1974 concrete-to-abstract sequences > pictorial-
7 : ' abstract or.abstract sequences on transfer
) * . - test on numeration concepts; NSD on retention
: &
Rich 1972 multi-base blocks + Cuisenaire rods did )
) not negatively affect achievement on '
fractions
Shoecraft 1972 concrete or abstract ) pictorial for number, .
coin, and age problems; concrete >'pictorial
for work and mixture problems
Smith, J. v+ 1974 expository> unimodel or multimodel approach

for area concepts . AN

]
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" a range of content that they could not be placed on any table._ The re-

. addition-subtractioh, multiplication-division, fractions, geometty, and

Matﬁemétics Contenf

> ) . . : Y
. Is a manipulative materials approach more appropr;ate”for some mathe-

3
i

matics concepts than for others? To answer this question we grouped studies

according to the mathematics topic involved, and examined the outcomes.

~ ¥

A few studies [e¢.g., Branch (1974).and Toney §l968)] dealt with so broad

<

- e

. . , .
maining studies have been grouped into six broad content areas: numeration,

verbal probiem solving. ' ' ) L s -

. /
Nine studie$ on various numeration topics are included on Table 9. R
N ’ | “m -

>

0f 5 on number bases, use of concrete or pictorjial materials was favored
on one (Carmody, 1971), nc significant difference was noted on one (McMil- .

lian, 1973), while 2 others focused on type of use also .reported no signi-

ficant difference (Jamison, 1963, 1964; Truebloodf 1968, 1970), and one
compared two types of mgterials (Muckey, 1971). Of the remaining studies
on numeration, 2 favored 'use of concrete or pictorial materials (Currv,
1971; Earhart, 1964), while one focused on type of use (Knaupp, 1971, 1972)
and 6ne on sequeces (0Olley, 1974). The variance in focus is too.great‘

to enable any firm conclusion from this set of studies on numeration topics.

~
~—— 4

Studies which dealt with addition and subtraction are listed on Table

10. These studies can be divided into two categories: those which dealt

with the use of materials in problem solving (all in grade L) and those

which dealt with algorithms involviné regrouping, cg;rving, and borrowviag
(%n grades 2 and 3). The 4 studies involving problems {(Bolduc, 1970;

LeBlanc, 1568; Steffe, 1568, 1570; Steffe and .Johnscn, 1970) are also in-
cluded i1 Table 1l4; all.provide some evidence indicating that the use of

“

materials 'is helpful in problem solving involvinyg addition and subiiaction.

1 o -




TABLE 9 7

RESULTS OF STUDIES ON NUMERATION TOPICS

N
I3

—. . :
— »
<\\ .

Author Date Results _
armody 1971 . conzrete > symbolic on transfer tes: on
) number bases, propertics of odd and ven

numbers, and divisibility: pictorial

symbolic on two other transfer tests °
and on immediate achievement in grade 6

——

Curry ' + 1971 concrete or pictures > verbal -for clock .
arithmetic in grade 3 :

" abacus > workbook, for varied numerction

/ Earhart’ 1964
v . ' topics in grades 1-3 ‘ )
o .o . o~
| Jamison ’ 1963, NSD between individual use of abacus .and
l 1964 teacher demonstration for number base
i ' in grade 7
[N . :
/ Knaupp 1971, NSD between individual use of Dienes blocks
. 1972 - . or sticks and teacher demonstration
]f for numeration concepts in grade 2
| - ., N
/ " McMillian 1973 NSD between use or non-use "of. phv31gal mudcl
| for number bases in grade, 7 .
!. Muckey 1971 Dienes = non-Dienes materials at high SE
. level; non-Dienes slightlv favored at
middle SES level for studv of number
bases in grade 2
Olley 1974 concrete-to-abstract sequences :>])jctoria,—
¢ abstract or ahstract sequences on transfer
test on numeration concepts related to
% even/odd, zero, and one or permutations;
NSD on retention test in grades 3 and 7
Trueblood 1968, teacher demonstration:> individual manipu-
1970 ~ lation for exponents and number bases in

grade 4




4 RESULTS ‘OF. STUDIES
i s Author Date
; " Bolduc 1970
?;‘ Denman 1975
‘{» :") -
?< Ekman 1967
¢ Gibb " 1956
iw Gilbert 1975,
X LeBlanc ' 1968
Sole 1957
Steffe 1968,
‘ 1970
B Steffe/Johnson 1970
¥ ,. .
i Wheeler ~ _ - 1972

‘Results

R . E T N
. ’ Al
o ft\ o <
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3
TABLE 10 g
. \\\ e
ON ADDITION AND SUBTRACTION tOPICS '
. e \\
™~

visual aids ) no aids on addition problems
in grade 1 ’

NSD between concrete, pictorial, and symbdlic
for remedial addition and subtractlon
- in grades 5 and 6

concrete ) pictorial or abstract for addition
and subtraction in grade 3

5

pi:cf:orial > concrete p abstract for subtraction
in grade 2 . ot

individual manipulation ) teacher demonstration
.for .addition and subtraction in one school;
NSD in another school (grade 3)

concrete = plctorlal.>‘symbolic on subtraction
ptoblems in grade 1

NSD on number of émbodiments in grade 3

concrete = pictorial )'syﬁbolic'on addition
problems in grade 1

concrete;> no materials for addition problems
in grade 1

significant correlations between number of
embodiments and achievement on multi-digit
addition and subtraction in grade 2

P

nee

o
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The renaihiﬁg studies vary in focus; the finq&ngs of the three comphring
. ° L

modes (Denmen, '1975; Ekman, 1967; Gibb, 1956? reveal discrepant findings.

Thus tﬁe evidence on_the effect of the use oé manipulative materials in

. / [

-~

teaching addition and subtraction is somewhat limited, but ‘made stronger

by the positive effect on addition and subt&actlon problems.

\ !

Seven étudies\dealt with the use of m%n?pulativekmateriala to teach
'multiplication (see %able 11). These alliéoncérn’introduction of the
multiplication concept ‘in the primary gra%es. Three favored the u?e of
concrete and/or pictoriai materials (Babb’ 1976; Nichols, 1972, Norman,
;955); one fafored the u;é\of the symbql%c mode (Fennema, 1970), and 3

reported no\eignificant difé@rence betweén modes (Scott and Neufeld,

\\Q' 1976; Trask, 1973; Wood, 1973). [One \. 4nn, 1974) focused on sequence.]

™ Thus the use of concrete materiaig'whgn introducing multiplication seems
rather effective. \ , -
rd . . '\\
The 11 studies listed on Taple 12 looked at.the uSe of manipulative

S~
.

materiale‘to teach various fraction concepts. Use of the concrete ard/or
pictorial mode was faVored on 4 (Bledsoe et al., 1974; Bohan, 1971;
Brown, 1973; Wailace, i974);.one reported "no negative effects" (Rieh,
1972,; one favored the abstract moae (Carney, 1973); and no significant
drfferences ware reported by 2 (Bohan, 1971, also cited above for another
measure; G. Green, 1979). [Two others focused on embodiments (Beardslee,
1973; Gau, 19?3), one on type of use (Bisio, 1971), and one on sequence

(st. Mertin, 1975)]. Again,the use of concrete materials in teaching
!

>

fractional concepts seems rather effective.
Table 13 lists 5 studies conceined with the teacning of geometric
topics. These studies span grades 3 through 8, and are very diverse in

the specific geometric concepts which they include. They are also diverse

'''''




RESULTS OF STUDIES.ON MULTIPLICATIO

K

Author

'8
Babb
Fennema

Nichols

Neorman -

Punn

Scott/Neufeld '

Trask

g
g

Wood

R

Date ’

1976

1970

1972

1955

1974

1976

1973

1974

~

-1 . . - B T e pve—
‘\

-44- : . : 3 .

TABLE 11 ) ' o/

AND DIVISION TOPICS

N

Resuits \ . o

'manipulative materials )’imagery or textbooks °

for multiplication’ facts in grade 2

symbolic > poncrete on transfer test for
for multiplication in grade 2

materials with d1.scovery> traditional exposi-
tion for multiplication-and_division in
grade 3

concréte + pictorial >‘text or conventional
on transfer/retention test; NSD on immedi-
ate “achieverment” test for division in
grade 3 .

,concrete—symbolic:> concrete-pictorial-symbolic

pictorial-symbolic sequences for multipli—
_cation in grade 3

NSD between concrete, pictorial, syﬁbolic o
for multiplication in grade 2 -

NSD between materials aﬁd traditional lessons
for multiplication in grade 3

NSD Between concrete and pictorial for nulti-
f-plication in grades 1-3

-

a
b
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Author

Beardslee

- PR
W

Bledsoe et al.

TABLE 12

. ,-'/-i
-RESULTS OF STUDIES ON FRACTION TOPICS

Date -~ "Results
1973 NSD on number of embodiments
. tests in grades 5 and 6 )

1974 materials)»paper—and-penqil.units for fractions

and decimals in grade 7

.

-2 -

on generaliza/ion

e

~

Bisio 1971 NSD between pupil use and ‘teacher demonstration,
but teache . use ) no use of materials in
) : . grade 5
I‘ ‘ -
Bohan - 1971 - diagrams.ox paper-folding&} abstract® for .
, . equivalent fractions; NSD for operations
re with fractions in grade 5 T
y
, _Brown 1973 text + manipulatives + film ) other combina---
/ tions in grade 4 ? - ‘
: .Carney : g 1973 abstract:> objects + number line for addition
' and subtraction with rational numbers
N in grade 4 - o
Géu 1973 NSD on number of embodiments on transfer tests
: in grades 5 and 6
) Green, G. 1970 -NSD between materials and diagrams in grade’ 5
NP N\ ) . C
Rich 1972 multi~base blocks + Cuisenaire rods did neot
negatively affect achievement in grade-7
St. Martin 1975 © NSD between concrete-pictorial-abstract sequence
’ and pictorial-abstract sequence in grade 5-
Wallace ' 1974 materials’y traditional in grades 4-6
1
)
I AL
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. ' ' ’ B R
R : : TABLE 13 S .
2 B . . > . R 1 & 7
L o ' RESULTS OF STUDIES ON GEOMETRIC TOPICS o
; <"+ Author ) Date ‘Results X o i'-" ‘ .
Anderson 1958 - " NSD between materials and no matérials in

) grade 8 ) T
,‘ Bring . 1972 . concrete ) no materials in grades 5 and 6 T
‘ Johnson, Robert 1971 " physizal models and instruments + text 7 \
. - ) -‘text without- models or test without-_
.- ’ _ " . drawings in grades 4-6

Prigge ' 1974 - teacher demonstration and stuident manipulation . i
. ' of solids paper &nd pencil or paper-folding, SRS
geoboard activities'’ ¥ 0

< Smith, J. 1974 expository > unimodel or multimodel approaches.
’ . - in grade 7
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(3
T

.
the siégation in which the problem is embedded, repéesénting tPat situation . J:

, with.objécts or pictures, should obviously be helpful.’ Perhaps what is ’

surpiising is that the use of physical materia}s in problem solving in - :

eleﬁéntary—school mathematics is not mc;e wiaespfead. ’ \ :jé

" Qur initial analysis of studies on manipulapive’materials indicated Y . ‘5;2

l.‘ S ' . —47- . fo e

A

in findings, and no firm conclusion can be reached.

Y

Six studies investigated the use of materials in mathematical problem; .
c :
solving situations (see Table 14). Although these studies span grades 1, | .

&, and 7, they all agree that the use of manipulative materials or visual
. ST . v <

ai&s_is an advqntage in problem solving. Perhaps this finding‘is not too

surpriéing. fince most problem-solving involves first understanding

;hatfthé use of manipulative materials either increased achievement in
2 . Co
. pe)

métheﬁétics, or provided achievement as good as that in lessons with which o B

materials were not used. This analysis of studies according to the type . :

e ¢ tratas o ™ e R N ¢

of content involved does not change that csnclusion; rather, it adds some

- o e ’ N

detail to the picture. While no firm conclusions can be drawn from the

s

#* ’

studies on numeration or gecmetry, the other topics (addition and subtraction,
* §

multiplication, fracti-ns, and problem solving) are generally positive
toward the use of manipulative materials. We have suggésted‘that this is -

>

entirely plausible for problem solving. It also seems quite réasonablq
for the other topics, particularly at the introductory points for new con- -

tent. But as concepts become increasingly difficult, more prior learning

e <

,must be considered as studies are designed. We shall now turn to an_ \

exploration on procedures, considering four of the cited studies on multi-

plication as examples: ) (-

A\
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TABLE 14~ : o H
oL S _RESULTS OF STUDIES ON PROBLEM SOLVING . 2 i
_ Author Date Results :
Boldu'c 1970 - visual aids ) no aids with addition problems o
o . : ;in grade 1 . . . ~ 3
hd b " - - .t : :" . i ° + - ';
LeBlanc . 1968 concrete = pictorial » symbolic on subtraction
problems in grade 1 = -
Nickel . . 1971 materials + pictures ) verbal approach in .
“ .. B . grade 4 . . ? "
o éﬁoecraft 1972 concrete or abstract}i-pictorial fdr number," ) ?
oo Lo coin, and age problems in grade 7; concrete .
- pictorial for work and mixtutre problems - :
e s . 25
MT. Steffe 196%, . concrete = pictorial) symbolic on addition
ST - 1970 problems in grade 1 . :
. Steffe/Johnson 1970 concretg) no materials for addition problems o
. . ‘ in grade 1 -
= ’ r ’ - ’ -
. ) o .
' ) DU
[<2 ’ » -
O
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for the addition-subtraction category. These topics are tfaught at a time’
when the child is first coping with symbolism, and materials which remove A

symbelism difficulties should be -expected tuv produce greater achievement.

Perhaps, however, the fact that manipulative materials provide less rela-

»

|

|

\
. , . . v |
tive advantage for multiplication, frakfions, and geometry is a function .
of the fact that these concepts “ecgme increasingly difficuit,.and more

prior learning must be considered as studies are designed. We shall now 3 .
. ‘ . . 4
. p N : —- T .
turn to an exploration on procedures, considering four of the cited studies , N

) . . o~

on multiplication as examples. < )
|

()

-

Myitiplication Revisited: The Interaction of Activities and Content

Sometlmes the use of manlpulatlve materials a1ds in thc learnirg of

mathematics centent; sometimes it does not. To iry to ga:n 1;;;\h5r$pto

reasons that might underlie these differences we will examine the treatments

b *
-

used in five studies involving the teaching of multiplicatj@p in grades 2 .

5?5 3. As we have seen from Table 11, the results of stﬂaies in tgis area

.

are varied. ) ~ ™

7 . j

\

|

J

|

|

|

\

|

|

. .~ 1
One of the most important studies on multiplication ond activity
|

|

\

|

|

|

leérning is that of Femmema (1970, 1972). 1In a carefully controlled studv,

. second-graders were taught multiplication products less than or equal to
~

10 by eiinier a meaningful symbolic method or by a concrete manipulative
- .

method. In both cases, muitiplication was taught as a mapping of an ‘
. ,

ordered pair of numbers onto a single numher. The multiplication fact "two

times three equals six” was written as 2,3--,6. The metiod éor justifving
this mapping was varied aecordiné to treatment. The justification used in
the symbolic tréaLment was that of repeated addition: 2,3 waps oanto 6

because 3+3=6. In.the concrete treatment, the ju,tification was made using

. -

Cuisenaire rods: 2,3 maps onto 6 because 2 rods with a length of 3 when
el .
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_ placed end to end are as long as a de with a length of 6.
Six classes involviﬁg 148 second-graders from the elementary school

in Or-zon, Wisconsin were used in the study. Ckildren from each of six !
classrooms were randomly divided into two groups for the two treatment

- ’ ‘ ( ° * .‘
lessons. The unit of analvsis used in the study was classes (6). Four

-

outcome measure. were.obtained. The first of these, an immediate recall
test of the multiplication facts taught, showed no significant diffcaence \
between the two treatment groups. A second test (Svmbolic Transfer I)

assessed students on multiplication facts whose products ranged from 11 to

: * 16 (facts which had not been specifically taugﬂt by either treatment).
No significant difference was found on this test, although trends favored .

" the svmbolic treatment group slightIy. A third test (Symbolic Transfer 1)

RS

was given one week after the second test. This test was identical to

Svmbolic Transfer Test I, except. that all students were provided with dis-

-

crete counters te use. A significant difference at the .03 level favored

the symbolic treatment group on this test. -Finally, a concrete transfer
: K
test was given, in which children were asked to use multiplication facts

to balance a balance beam. No significant differences were found on this
. - e

fourth test.

The finding of a significaut difference on the third test is particu-

larly-puzzling since that gtest’can be interpreted as measuring at least

two different outcomes. Because it was given seven days’ after ‘the original
symholic transfer test, it can be interpreted as a retention test, leading
one to conclude that the symbolic treatment provided greater cetention of .

L , - learaing. However, this test was unique in that all students were provided

with a manipulative “aid whi;h they had not used before, namely counters.

-

These counters were all :dentical. Ytudents in the concrete treatment had

. J/r-.
: J .
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previously used Cuisenaire rods. But Cuisenaire rods are not all identical:
N ! - B

. they vary by length, with different lengths représenting different numbers.

It seems just as plausible to explain the differences on this test.as being

due to.interference between the madggulative aid provided and the manipula-

rive aid used by the concrete group. (Since the symbolic group qse& no
aids they should have experienced no interference, and therefore have been

at an advantage, as the results indicate.) Unfortunately, there is no

evidence in the study. to indicate which of the two interpretations is correct.

‘The conjecture that performance is affected by the nature of the

.

manipulative aid used may -also provide an explanation for the 'slightlv

) . .., ." ‘. . - »
poorer showing of the concrete treatment on the first symbolic transfer

test. On this test the concrete group was provided with Cuisenaire rods

as well as pencii and péper. This test (as did the second symbdlié i .
\_

transfer test) involved multiplication.products ranging from 11 to 16.

The largest Cuisenaire rod has a length of 10. In the original lessons

(which involved products less than/g; equal to 10), any required answer

could be represented by a.single rod. But in thé. transfer test, no

answer could be represented by a single rod. To find an answer to
3,4-> ? , three four-rods should be placéd end-to-end. These are aonger
than ; ten-rod. One must then find an.ther rod to add to the tem-rod

to construct an equivalent length. Technically this calls for a new
procedure not taught in the original'lessons. “Mhuys the symbolic irransfer
test allows children in the symbo}ic treatment to transfer-their procedure
to new prghlems, but requires children in the concrete treatment to invent
a new step to extend frheir procedure to applv to the new pr;blemst Whether
or not this extension ;s trivial is certainly open to question. ‘It seems

’

plausible that it might account for the siight advantage noted for children

0
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in the symbolic treatment. -,

It might also account for part of the disadvantage showi by children

from the concrete treatment on Symbolic Transfer Test II. As a consequence

. .

of Symbolic Transfer Test I, the successful concrete-treatment children

learned to apply one process.to products less than or equal to ten, and a
slightly different process to products greater than ten. Yet oﬁ-Symbolic
Transfer Test II they were provided with a manipulative aid (discieté coun-

ters) which allowed a single process to be apélied to all problems.

Perhaps ‘the only conclusion ‘that-can be drawn from Fennema's study
~— - - - N .
. > w - .
is that the use of Cuisenmaire™xods to teach multiplication rajses potential

4

proBlehs! Comparisons of Cuisenaire programs with other elementary-school

programs show that the Cuisenaire programs lose their advantage by.grade 3

(see Table 19). The introduction of multiplication as an important .topic

in grade 3 makes it possible that earlier advantages could be canceled

out by difficulties encountered in teaching multiplication witl Cuisenaire

- = s
.
«

nJ

rods.

Are there similar difficulties in teaching multiplicatiodn with

discrete objects such as counters? The study by Nichols (1372) seems to

indicate that this is not the case. Her Treatment A used 5/16-inch cadmium-
- ) - .

plated metal nuts with felt mats marked into patterns to correspond with

number combinations and booklets for the recording of ansvers. Treatment B

used semi-concrete materials such as pictures, drawings, flannelboards, and

. \ ' . .

other materials of a non-manipulative nature. She also characterized Treat-

ment A as one involving pupil discovery, while Treatmernt B used teacher

explanation and exposition. In Treatment A children worked in pairs

according to assignment by the teachers. Treatment A utilized specific

language for the multiplication and division signs. These pupils were
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; "mentions that each ‘teacher in Treatment A was Supplled with a kit of

. ' ©-53- .

taught_tb read "'x" as "sets of" or "groups of'. Thus 2 x 3 is read as

"2 sets of 3". The division symbol + was read as "has how many sets (groups)
[ 4 l .
of'". Thus 6 + 2 was read as "6 has how many sets of 2", No mention was

made of similar vocabulary treatment in Treatment B. -

Both treatments involved “ifteen 45-minute periods of instruction

on the multiplication‘and division combinations with 6, 7, and 8. A total
~ h] . NN

of 267 third-grade pupils and ten teachers from six schdvls in the LaMesa-

S;ring Valley (Califofnia) schools. were involved. Results strongly fa&éred

Treatment A pupils. They raised.scores on,a multiplication test from

-4, - o
45 per cent-before the lessons to 85 per cent after the lessons, while

Treatment B pupils were only able to. ipcrease scores from 42 per cent to
54 per cent. Ga1ns on a d1v1slon test were even more spectacular for
) P _ »
Treatment A pupils, rising from 28 per cent to 74 per cent as compared
o . . . h ’

. ‘ .
with a gain from 33-per cent to 43 per cent tor Treatmeni B pupils.

Unfortunately. it is impossible to credit this success to any single

factor. Treatment A differed from Treatment B in its use of manipulative

materials: But it also differed in its use of pupil discoverv, pupil-

~

pairihg{ pupil recording of :sults in booklets, and use of specific
4

and 7anistent vocabulary for multiplication and division symbols. When

mixéd tbgether by Nichols, these factors all combined to create a potent

/[

_tgeatment] But wé know neither the effect of varylng the proportlon
/_ .
fr the emphasis of these factors, or of the mixing process itself. (Nichols

14

materials and instrdcted in their use, but gives no details about this

instruction.)

The reader might be interested in noting that Babb (1976) indicates
the use of Nichols' manipulative. treatment, but.does not attain the
strength of her results. However, it is unclear just how closely Babb
replicated the procedures, beyond the use of cadmium-plated nuts . . .

. . v
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leval of significance.

_have no;iﬁsfgﬁf into what maKes it effective. (Could it be because the
. 3 . -

.usé‘of.manipulative\materials in teaching multiplication at grade 3. He

~54-

'
fu

We can conclude thdt a treatment involving .counters can be very

effective in teaching multiplication and divisiop facts, but we really

,

. o*
v

metaL'nuts‘were cadmium-plated?) ) o _ -

>

Punn (1974) also found an adJantagé for using manipulative materials .
. \ i
» 3} -

to teach multiplication in grade 3. His first treatment involved a wide
N Y . .

variety of manipulative materials such as number lines, arrays, grids, -

Y
» 4

chfbs,‘boitle caps, pegboards, geoboards, and matched sets of blocks and

cut-out felt objects. Treatment 2 used pictures, charts, and transparencies.

A.third treatment used both manipulative materials and pictorial represen-

tations. Ninety pupils from three schools in the Cherry Creek fchool Dis- ' :

trict in Colorado were involved. Three randomized samples were drawn from
the schools, and each received one treatment for a period of nine weeks
(with 30 to 40 minutes of instruction per day). Three different teachers

were involved, and- each ! ad a teachér ajdé. The criterion test was an -’ .7

S

investiga;or—construéted multiplication usage test including 20 missing-

‘
S

factor problems and ten word problems involving multiplication. The first ‘
and thiid treatments (involving ménipulative materials) were superior to

thé second treatment (involving only pietorial representation) at the .05

I'd

In contrast, Trask (1973) was not able to show any advanfage for the

o

.- .
was cencerned about keeping treatment times ﬁqual over the l2-week period
/ .

/
of the study, and because the non-manipulative treatment group was proceed-
ing at a faster pace, he provided each pupil in that group with a set of
flashcards. The manipulative treatment group did not receive similar

s

drill and practice. Trask followed t@é textbook closely with both treat-
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drill and practicercan only be a matter of sheer speculgtiﬁﬁii'

~55~
[} ] -

ment groups. He used the_manipulative materials to illustrate textbook
situations, and in so doing used concrete devices as represcntations of
other coggfete devices. Thus ''pebbles were used to represent keys, pennies,
or shoes; pt@on a pegboard often represented.fruit trees or basketball
players" (pp. 32-33). This concrete representation of a thouéht—image

seems to be a more abstract way to use manipulatives, and clearly sets
iy ..

-

i Trask's study apart from Nichjls' or Punn's. Whether Trask's different

~

. findings are due to this distinction or to the different emphasis on

-What then can one conclude from these studies? In the course of this

discussion, we have probably raised many questions in the reader's mind
about the credibility of their findings. The reader is urged to .be aware

* &
that auestions can be raised about (almost) every single study ever done,

when one delves into them to a greater or lesser degree. Yet we can also
M A

I

learn something from (almost) every single study ever done. . We have in

\

this review by and largé attempted to stand back in order to élimpse the
. \
meaning of the pictare, rather than staring at the dots. The iszk at the

dots of these four studies was done to illustrate the point (in case the

i

: ' : . L \
reader was unaware!) that research is a very complicated process. |, Everyv

single detail has potential implications, from the choice of material to
the choice of test. These researchers passed a first test of their own,
i

however: they studied important questions. They raised other questions that

future research should clarify.

Attitudes: The Forlorn Variable

Up to this point we have focused on studies which considered how

well students achieve when manipulative materials are used. Now let us

’

.

(Y] @

.
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consider (briefly) the relatively few studies in which attitudes have been

‘of concern. Table L@ includes nine studies in which attitudes were’ )

' »

assessed. Because ¢f the varied comparisons, a firm conclusion seems to
o . :
use to be unwarrantfd.{ At most we note that the use of manipulative

) 1
materials and pictorial aids may be better than the use of symbols (or no

materials) in prompting more positive attitudes.

Analyses of research which have attempted to discern the relationship

1
r .

between attitude Shd achievement have indicated that at best the .correlation
is positive.but 1ow (Suydam and Weaver, 1975). Nevertheless, thete is a

popular belief ﬂhat a stronger relationship between the two exists; it has

» Ve
P

been suggested that perhaps the instruments and scales used for measuring
attitudes are npt as effective as we had oncé assumed them to be. This

comment should Le kept in mind as the findings on the table are noted.
t

Summary of Reséarch on Materials

1

i

What can we conclude about the use of manipulative materials? Embedded

ey

one by one in thejprevious sections are these points: -

Man;gulatxve Materials: Yes or No? Does the use of manipulative ma-

terials help student achlevement in mathematics? In almost half (11/23)

of the considered studies (see Table 2), use of manipulative materials was
i
!
favqred; that'is, students having instruction in which manipulative materials
\
N 1
were used scoreh significantly higher on achievement tests than students

who had instruction in which manipulative materials were not used. 1In 10

additional studﬂes, no significant differences were found; that is, fhe
i

group u91ng manlpulatlve materials and the group not using manipulative

°

materials scored much the same. Therefore, in a simple manipulatlve vs.

 comparison, non-manipulative lessons cannot be expected
L4

non-manipulativ

e e (D,.. —

g
£
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Author .'/
/

- Harshman

Andérson !
/
b
Babb' '/

Boh?n‘ /

'Greep, G.[

!

Knaupp
Nichols

_Puﬁn,

-

" Scott/Neufeld

TABLE 15

RESULTS OQF STUDIES OF ATTITUDE

Date

g

Findings o

-

1958

1976
1971
1970
1962

1971,
1972

1972

1974

1976

NSD between multisensor§ aids or noné
manipulative. non-manipulative
paper-foldiag group ) abstract

diagram§ favored more than ﬂéterials

NSD between three types of material
NSD~bgtween use of Dienes block; or sticks
manipulative > non-manipuiative °

concrete-gymbolic sequence‘>‘concrete—pictorial—
symbolic ) pictorial-symbolic

manipulative and pig?orial:> abstract

“(




I . ) ’

‘ ¥ . B , ~58—-

3 . Lo Y v
3 L =

to produce superior achievement. Lessons usiqé manipuiétive materials

o

have a higher probability of producing greater mathematics achievement than

do non-manipulative lessons.

~
.

Concrete, Pictorial, and Symbolic Sequences: Which? When? Does the

\' .
sequence 6f use from concrete to abstract make a difference? Symboliic
’ \
treatments are at a disadvantage’ when used alone (see Table 3}; only 3 of
28 findingé favored tha use of symbols alone. So are pictorial treatments

at a disadvantage, as the fact that only one study favored them suggests.

In 7 instances use of concrete manipulative materials wa? favored over

.
'y

sequences . which manipulative materials were not used. In 9 instances,

use of manipulative materials and pictorigal reprbsentationé resulted in

1 / i
N I

higher achievement than use of symboléy7lone. Pictures and diagrams can

j /
be important in designing mathematics lessons, especially when used in
conjunction with manipulative materials. in 8 instances, no significant

|

|

|
differences were found; that is, all treatments resulted in equivalent ..

|

|

achievement.

1
Do different sequences of concrete, pictorial, and symbolic treatments
produce differential effects on achievement? The evidence of three studies
Lo . .
shows: . .
(1) concrete-symbolic > pibiorial—symbolic or symﬁolic

‘v

- ' = (3) ’ concrete-pigtorial NSD pictorial-symbolic

ments or representations of the mathematicalN\goncept make a difference?

Research in which the number of embodiments for a mathematical idea has

been the focus has resulted in no significant differences in achievement

6o
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;u ’ in-3 of 4 studies (see pages 25-28). [t mav be thﬁ%athe reflective and
3 . . ) - LN R
7 ... retroactive thinking required is too difficult at thc age levels tested.

It may be that the teaching did not clearly fecus children's attention on »

’ ~

the idea behind the use‘of various embodiments. On the other_hand, it
, R .

, may be that it really doesn't make any diff2vence how many. embodiments

) A
“'-D

are used, provxdlng che teachlng, whether on one or many, is.effective.

AT R PENEANEY

.o

A ’ -\“" -
-y

v
Thus, a program should 1.5t be seleLLed/onlv because it uses multlp]e

. embodlments for each or many wqthematlual ideas. Varying embodimean L

. . s - e )
may aid children in making mathematlcal appllcathns, but no studies

.

have measured th spepmflc achievement.
v . ¥

I %

Who Shall Manipulate?  Does it make a difference whether the siudent
: R ]

handles materials or only watches the tuaeher'de@gpstrate with materials?
As might be expected on the basis of evidence from Tables 1 and 2, student
manipulation was favored -- but only 1in 3,°f 8 studies. 1In 4 others, no
significant differences were found. This is somewhat surprising to many.
It appears that individual manipulation by the learner is not the unlv way
child;ep learn: it can be as effective to watch ti:e teacher demonstrate.
The only %tﬁ§§\favoring teache; demonstratioa was one ip which the teacher
strongly focused learners' attention, asking theni to ”tﬁin% along" in
vicarious participation. More research is needed ia this area before a

i f
conclusion can be drawn firmly. For the present, it appears that effec-

. . tive lessons can be designed even if monetary or space factors nreclude
thc use of materials directly by children -= though this should not be - !
taken to mean that all teaehing/learning should proceed without the use

of materials (see previous sections of this summary!).

Type and Age of Learner. Do age or other characteristics of the

learner affect the cutcome of treatments involving materials? 1n grades
»

6o

- - . T
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1 andiZ, 7 studies favored the use of materials over abstract modes, with
. . . . =

no §ién1fi&ant differences in 3 cases (see Table 5), znd only 2 instances

Yo

in which the concrete mode was less effective than a pictorial or a symbolic

treatment. In grades 3 and 4, 5 studies favored the use of materials, ana

in 4 other reports the use of concrete and pictorial modes was favored.
! Three studies reported no significant difference, while one study favored

an abstract treatment (see Table 6). In grades 5 and 6, three studies

favored the use of concrete materials, two favored either concrete or .
- ’ N Tt

abstract treatments, with no significant differences characterizing three
‘others (see Table 7). In .grades 7 and 8, two studies favored the use of
materials, two repb;ted no significant differences, and one favored 4n

abstract approach. - :/ ) .

4

Thus, across a variety of mathematical tdpics, studies at every grade
level support the importance of the use of manipulative materials.

C o~ .
Additional studies support the use of both materials and pictures. We can

" find little conclusive evidence that manipulative materials are effective
5 only at lower grade levels. The use of an activity approach inyvolving

¢ “manipulative materials appeaté to be of importance for all levels of the

P .

elementary school. ' .

v

The use of materials appears to be as effective at one achievement
‘ ) » g 4
| .level as at another -- that is, high achievers profit from the use of

materials as much as low achievers do, at least below grade 6. Cne study

indicates that using materials in grade 7 was particularly effective for : |

low achievers. (For evidence on this and the following studies, see pages

30-32.) L

//' The use of materials appears to be as effective at one ability (IQ) .

’ leval-as at another -- that'is, those of high ability orofit from the use

-

/\ - -~ e . -
!
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' of materials as much h f 1 ) . *&i’%‘:‘)“
: N terials s much as those o ow ability do. One caution, however, is ) b
% . ’ " ’ R x ' ' - R

Lo - 3 i ..\ » ; , . . . .
that low-ability students must be able to see the reason for .sing the

n,
N g - 3 - -

- materidls and understand how they are to be used -- but that caution is

»

.

i . .. true for children at all other ability levels, tool . ' o

te Although datd are sparse, the use of materials- appears to be at !

least as effective at one socioeconomic level as at another —"providing

the materials are not Cuisenaire rods! (Two st lies with these indicated . -
. s v « N

L74rR] . . -

|
that achievement increased gs.socioeconémic level increased. Why this ) ‘
v o
: - |
might be a factor found with ‘the use of the rods is unciear.) There is |

,?bﬁe indication --"a@-trend Tather than a-significant difference -- that .

Y . s L b .. .
;/%hildren from low socioeconomic levels find manipulative materials par-
oS, B . .

& .
/  ticularly helpful. . ..

PR

e

A -
’/.’ ‘

'/f ’ ‘Special programs for children from low socioeconcmic levels -- or ’ -
o S . , .

of ‘low abil%7§ —7.or low in achieVvement -- are.frequently reporied to

S be sutcédsful. (So are special programs for those from high- or middle- Y :
level pupils!) When someone takes care to consider the needs éf a par- - L

> . ’ .
1

ticular group of children, they respond -- generally favorably! The’

program may he "exportable" -- providing there are those in another com-

| .

munity' who will shape it to fit tiie needs of their children. One of the

. . joys in reading project reports is that sometimes the enthusiasm is . ’ |

- [

i transmitted. One of the despairs isthe lack of specific information in .
§0 many, so that one cannot try out the idea elsewhere. (Just as research’ -

y "

- .

should be replicated, so should effective projects!).
] ¢ e , e 7 o
Mathematics Content. Do some manipulative treatments work better for A -

some mathematics concepts or content than for others? While no firm.'
conclusion can be drawn for studies on numeration (see Table 9) or
geometry (see Table 13), studies on.the other topics (see Tables 10, 11,

[ B * ]

<
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. of manipulative materials and pictorial aids may be better than the use

.
@ ©

12 and 14 for add; ion—subtraction, multiplication, fractions,-and

°problem solving) are generally p051tive toward the use of manlpulatlve

.matérials. o ) ’ .

Attitudes: The Forlorn Variable. Becausé of the paucity of evidence

- .
~e

(considering how rarely attitude was assessed in relatlon to the toGal

0"
- .

.number of studies), a firm conclusion on how childfen like mathematlcs or

¢
2

like: using materials is unwarranted. At most, we can note tha;,the use
.o . -3 - . M R

of symbols (or no materials) in promoting more positive-attitudes. :
o . .

We had originally hoped that we could make some conclusions

- .

about types of matérials which seem particularly effective. A wide | *

- Note:

. .
»

) .
variety of materials — egg cartoms, bottle caps, markers, geoboards, etc. --
" were used in these studies.. Excepf for one study reporting that inexpensive

LERY
»

materials were as effective as expensive oné€s, we were unable to find any

> 7
I3 -

‘o . . &
more specific treads. - -

L6y o
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IV. Research on Activity Programs and Modes of Instruction

In the introduction to this reyiew, activity programs and activities-

embedded in a mode of instyuction Were discussed. The key point empha-
/

/ . : .
sized was that programs termed 'Jactivity-based” vary widely. Given that
. : /
. / s
as a problem in reviewing stuéies, we have nevirtheless grouped in this
. . /" ’/‘-\.
chapter research (and, in some cases, field-study evidence) under several

/ -~

topics. Various activity-oriented programs are discussed first, leading in-
to a discussion of studies on games. Then current developmental projects

are discussed, foliowed,by discussion of research on programs based on the
use of Cuisenaire rods. Finally, the focus is on the mathematics laboratory.

It should be noted that in nany specific studies there is no clear distinc-
tion between acqivity—oriented programs and laboratories: what one re-

searcher labels a "mathematics laboratory" another identifies as "activity-
oriented instruction”. We have separated them in terms of the label the

researcher used, but recognize-that the findings cannot be considered

discretely,

Activity-Oriented Programs

‘ During the 1930s and 19405; many studies were conducted to evaluate
Ehe‘éffect_of then—cuprent activity proéfams (e.g.; Harap and.Barrett,
19§§; Harap and Mapes, 1934, 1936; Harding and Bryant, 1944; Horkins, 1533;V
Jersild, 1939; Passehl, 1949; Wrightstone, 1944). _In most of these- studies,
the efficacy of the activity program in question was supporéed.‘ But the

educational scene changed, and the social utility emphasis which had spawned

many of these programs waned. It was not until the early-19605 that the

term activity program again assumed popularity, as such experimental programs .

as the Madi'son Project and the Nuffield Project (the lacter an English

~

project) began to have an impact. The National Defense Education Act pro-

,—"_"’ - ’.' .; . ~ - o e » - ./}/ b ) - /./
) ¢ -63- . PR
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N
avided.the‘heeded money for schools to spend on materials; research and
development dollars were made available for the development of materials;
sudden awa;;;ess of Piaget and his theory of developmentalxgtages was
attaired: these and other forces interacted to strengthen once again our
belief that children can learn most effectively through being involved in
the learning process.

| During the past 10 to 12 years many researchers have investigated
gﬂe eéfect of activity;oriented programs and units. Table 16 contains a
list of 21 such studies. (None of these studies has been included on
previous tables; although many involved the use of manipulative materials, _
thé effect of those materials can rarely be determined apart from their
interaction with a variety of 9the£ instructional materials, devices, and
activities.) About half report achievement differences favoring the use.
of activities, while the other half report no significant differences.
The variance in focus i; wide; undoubtedly (as in other research) an
experimenter-bias eéfect or a halo effect has crept in; yet the fact
pggggine*that, despite questiong about quality, the evidenc; indicates that
students using activity-oriented programs or units can be expected to

achieve as well as or better than students using programs not emphasizing

activities.

The evidence on attitudes is not clear, largely Eecause so few re-
searchers considered it. Whether the belief that children favor the use
of activities caﬁ be substantiated is a moot question (see also Table 20
citing research on mathematics laboratories for additional findings on
the attitude quesgiop). In the survey reported by Thomas (1975), students
indicated a preference for activities like games, hut re less positive

about manipulative materials.

Y]
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Author

Activity-Cen~
tered Program

Beal

_ Becklund

-

Castaneda
Dunlap et al.
N .

Ebeid
Fitzgerald

Hall

Hankins

TABLE 16

¥

L .
STUDIES ON AGTIVITY-ORIENTED PROGRAHS/UNITS' .. - C
Grade . ) -
Date level n Focus Achievement Attitude
1973 elem. school~developed acceptable
program
- - . - *
1973 7-9, 30 ¢ NCTM materials activitiesj)
: 12 (low ‘achievers): non-NCTM text
on various upits
1969 3-5 8 c activities vs. - differences for
A . regular program each on some
/. (geometry) measures
1968 1 activities with agtivities Y .
h Mexican~American tzxeBSBR\iﬁain
disadvantaged scores) . o
1971 4 12-s learning and manipulative
behavior problems aids') paper-
(remediation) and-pencil
1964 7, 8 SMSG texts with N5D NSD
- or .without self- v
selection
1965 7,8 self~seection NSD below 115 IQ,
: regular better -
above 115 IQ
1967 4,5 . summer camp pro- grade 5) grade 4 positive attitudes
gram; concept in both groups
method
1969 4 disadvantaged multi~faceted
i program better
f

(3

-99-.
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. S Lo i TABLE 16 (Continued) ) K
R : )Grade-' . ‘ .. R
i . > Author " Date - level n " Focus 4 Achievement Attitude =
7 .o ) Lo ¢ ) 4o . Y
= . T . Johnson, Randall 1971, 7 160 p activity units - - NSD« el PR
o Jones 1971, . ages 6 p emotionally i?ﬁp;ov.é%l with improved with i
S , - i 1972 7-11 disturbed . activities i activities
. 3 . i H j . H
] .. i = E
. . Koch 1973 varied program NSD f‘
Lerch - 1972 k - activities on- act1v1t1es H
\ R . number, é.op.(”:epts' . control "‘ -
o Macy ° 1957 4 2c - ’fvard\_ed program, NSD / 1 t| X
* ‘56 p alternated groups Py e
:,( ~ C : : Matthews 1974 7-9 42 ¢ . }NCTM materlals e s:.gn c'h
T — - - | i in¢reases, but . - R
- » ; i , NSD on corhpetencies ~ xi L /
. . | , A
_Moody .et al.- 97 . 3 “activity vs. rote NéD I i ; ;/ /e
2 ~ : : C i * :
.:. ‘l i R . Py t [ | . N L ', M
P Polz 1975 ages 48 p learning disabled NSD { ‘ - i
L : 7-10 o , ] v i :
Y o Co T ot . i It
3" N - . 1 . i l:! 1
e . Snyder 1967 7,8 self—selection] g NSD (gains grea e; ! I /
P ‘ . . o for self—select'oitx) | / : /' ;
. | IBE A
¥ -~ " Stanford 1970 7 games, problenjs, . significant indrdase . / [ /-
‘ <5 ‘ - ' . / : U f !
b ¢ self-selection D foodr N i
~ | o ] R YRV
Tobin 1074 ages mentally retarded NSD, 6-9 years); i ‘ o Y [\
- ) o : -6-12 , / I ‘ma.terials)no - |, 5 / A A '%
¥ i ) .
; - e { J \materia.!.s, 9-12 year ‘ / * i
% } ?i@%\. - / [ 41 i Z 1‘ ’ : . // “ ‘E X
: " Unkel 197k elem. 29 p tutorlng Lnder 51gn1“icant g ;m [ ) ': /_ 1 : !
. f échlevers , ' i , ,/ I.’ i | &/) .
. . ) f / 1" l; ;1 : ; f
74 / SRS O A
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-!A \Noté on Research on Games

Thg research explicitly on the use of gamesrﬁggu?gzﬁggé'on relatively
few games, with "Equations" used most freéuéntly’(see Table.£7). Played at
. the seQénth—{and eighth-grade levels, "Equations' appears to result in
: bettéé attitu@es (Allen and Ross, 1974a; DeVries and Edwards, 1972, 1973;
Edwards and DeVries, 1972, 1974), better reasoning (Allen and Main, l§?3;
Edwardsreﬁ al.; l9725h better computation Y{Allen and Ross (1974b), and bet-
ter soc;al interaction (DeVries and Edwards, 1974). In only one instance
(ﬁenpy; 1974) Qefe findings of no significant difference noted between

game and non-game users.

s

Pe—
N—

Another logic game, WFF'N PROOF, was used in two studies. Bowen (1970)
reported greatar increages in logic scores in comparison with Eextbook
instruction. Wolff (1970).found thét first and second graders using an
adapteq version did not react well to the.cooperative game format unless
they were allowed to move at their own pace. With "Equations" at upper
levelg, te..m compétition and rewvard were favored (Edwards and DeVries, 1972:
Hulten, 1974), though F.ris (19/1) reported better achievement when the
game was played cooperatively rather than competitivelv.

In two studies involving a number of games, positive results were
reported with kindergarteners and first graders (Wynroth, 1970) and with

" mentally retarded children aged 4 to iO (Ross, 1970). A card game was.
effective for aididé in lear1ing factoriza;ion (Karlin, 1972), while ;
division game was not as effective as anticipated (Fishell, 1972).

So wﬂat have we learned? Certain games can be used to promote specific

learning outcomes. Students like to play games./ ®lder students like to

play competitively. The "Equations' game may bq\usgd'as\§~vghieté for
. S -

—~—




'Author
Allen/Main
Allen/Ross
Allen/Ross

Bowen

.DeVries/Edwards

DeVries/Edwards

Edwards/DeVries

Edwards/DeVries

Edwgrgs et al.
Fishell

lFreitag |
Henry
Huleen
Karlin

Paris

-

TABLE 17

STUDIES ON GAMES

Grade .
Date level n Game
1973 7,8 Equations
1974a 7,8 29 p Equaﬁions
1974b 8 10 ¢ Equations
237 p
1970 4-6 3¢ WFF!N PROOF
1972, 7 110 p _ Fquations ”
1973 -
1974 7 ’ Equatiohs
1972 7 117 » Equations
1974 7 128 » Equétions
1972 7 96 1 Fgquations
1975 5 8 ¢ trading game
« (division)
1974 6 4 p function game
63 p Bingo
1274 7 9 ¢ Equations
182 p TacTickle
T 7 B¢ Tuf
240 p
1972 5 8 ¢ card game
(factoring)
1971 5 302 p Equat ions

Finding

. game v—)»better use of logical reasoning

_ game > textbpok‘fb;;iaéic gain scores

gane =-%>more peer tutoring, positive

"case studyv: descriptive ) |

et

game --> better attitudes

game ——) égtter computation =

A

- N

. 3 i
affective reactions

game ——-) reduced race and sex barrieri\

game —- better dattitudes; team reward
individual reward . EX

geme --3 positive attitudes

game ) conventional instruction for
computation, divergent rsolutions

NSD . N

-

NSD

team competition )»individugl competition

)

game ) textbook (factor trees) in learn-
ing theorem

cooperation (teams)]? competition;
NSD in attitude SO

(o




.

" . Author

- Ross

4

Wolff

Wynroth

S

m—— -

TABLE 17 (Continded)

games'"

o

Grade .
Date level n Game Finding
1970 ages "program of games ) special class
' 4-10 (MRs) games" : -
1970 y 1,2 ‘66 p WFF'Y. PROQF preference for games declined; fixed pace,
! . On-Sets NSD; own pace, cooperation ? competition
© 1970 k,1 25 "competitive game ) conventional instruction
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ﬁesearch.y Thé research appears to focus on jusrirying the inclusion.bf

commercial games in the cqrricuium. Little attention has foctsed on

- s

‘sames for most basic tbpicé. Taken as a whole, this Set of studies is |

1 ' .

aisappointing. Not yet explored are such questions as what makes a game

effective and for whom and when are ghmes effective.

DMP and Other Programs N

Several lafge—scale developmental projects are currently underway,

producing new curriculum materials. One 'that incorporates abelief that

.
1

the use of activities and materials is essential to learning is the Develop-

ing Mathematical Processes project of the Wisconsin Research and Developmerit -

’

Center for Cognitive Learning. DMP is based on a measurement approach®tc

elementary-school mathemavics, rather than a counting approach. As the

developers noted, "If you're basing a program on messurement, cthe child
. T a

' Other strong purposes of vMP are to teach children to

must do things.'

¢

solve problems and to teach them to work together, interacting about
- 4

mathematics.

While the theories of Piaget, Bruner, and Gagné can br: cited*to support

.

the deyelopment;l work of the curriculum projecé, the actual approach is far
maré pragﬁatic. Previous research wés done with 'a different curriculum, o0
the findings are not all useful, noted one DMP-developer. The manipulative
and other materials‘used in the ﬁrogram have been evaluated in terms of

their usefulress in developing. severa. concepts (that is, their variability);

on their cost, safety, and durability; on the way children react -- as

)

well as whether they lend themselves to the mathematics to be taught.
DMP has had research associated with various factors (e,g., questions

of sequence or of alternative algorithms) related to its devealopment, but

. ’

'few summative evaluatirns studies have thus far been conducted -- or, per-

<

123
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haps, not only conducted but also published in some form. This is not o

-
I3

this writing, the si&th—g}ade program

(honsy

, sufpgising, since at the time of

., . 1 - .
was still being developed! Various fxternal field tests (e.g., Hybbard

P

N :i ! .
-and Buchanan, 1972; Schall et al.,/lg79, 1975) indjcate tha: pupils in- N

! . -

the priﬁary grades achieve successfully with DMR. Teachers have reported

- h ’
'

~ - that the}hhave had some difflgulgyjin adjusting to “he program, but,

- v - .(l\’- ’ T
, their reactions to it are favorable. (Perhdps the strong in-servire struc-

,‘\ -~ . -
ture of workshops which aré associated with adoption of the program aid
.. ) . ) . ',_”.,' . ’.

»

in‘promoting their positive attitudes.) .
% ‘,‘ et " - -

Other!programs involving-activities are listed on yablg 18. Two

(Clausen,’ 1972; Plummer, 1972) studied a Montessori program. This pro-
- ' ) \
gram dnvolves & hig. : structured approach to the use of geqﬁential ma- "

v -

|
terials, developed by Maria Montessori. The manner and the sequence in
" v
which materiéis are to be used are precisely specified. Clausen rz_arted

significant differences favoring the use of the program with children in-

<

kindergarten and grade 1. (IF should be notad that thers'are many varia-

-

tions of Montessori programs; not all use the materials, or use them in
Ll
, . . .
the specified way.) ° . s

[

While many other investigations of the varied activity programs beirg

< . 1

used in this country have been conducted, most of these have not’been

. . ; ’ oY
included in our final set:of studies. In a great number of imstances, the

-~

N ’
effect of the activities simply could not be determined, because of the
¥ . - .
. - ¢ .
¢onfounding variables. 1In others, no data were provided in the reports.,
0 . .. 1 ‘
.Cuisenaire Pregram »

. - .

-

i
.

Much research has been focused on the use of Cuisenaire ma*erials

and the Cuisenaire program, in attempts to answer the question, "How effec-

) ’ . . !
» tive is it", The Cuisenaine' rods have been used as a material in some

-t - .
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Abernatha/Wiles

Adamson .

Coltharp
Fraryfi’

Hubbard/
Buchanan

L4
Krairajananan

Lucas

o

Tlummer

Schail~et.a1.
alk.

“chall er,

-

N

-

‘Clausen. ~ _ .
; &

.
s

-

. STUDIES.
. Da;é:* Program
1975 7 D
- .'_...'/, > “z?‘. L
. 1976 - DMP,-,
° -, Distar
1972 Montessori
1969 - . GEMP,
‘ . "abstract"
3 . s >
1967 ° -"I¥S | -
1971 Dip
1974 . USMES
1967 GCMP,
attribute
. blocks
1972 = Montessori
"1974 - DMP ,
‘1975 DMP '

TABLE 18

<

ON OTHER ACTIVITY PROGRAMS . -
. ) F: . .
Grade . . .
1evé1 n ~ Result - ' ’ °
ages 10 p appropriate aéd"effective fcr mentally
7-12 ‘ retarded chHildren
(BRs) LT )
1 Distar> DMP . ‘
k,i,' 8 ¢ Montessd%i‘? worksheet/text approach
177 p T .
6 4 ¢ NSD between GCMP nuimber lire approach
79 p and abstract approach
elem. . ’ meeping most of its goals
2 "8s NSD between DMP or conventional progranis
“(but mastery level of 81% found
. with DMP)
elem.’ "effecqi@a" - . -
1 8 ¢ some differences favoring each  ~¢.
1. ~ 199,p NSD petween Mpntessori‘and non-Montessori
/ . ‘
1 "encouraging.resﬁlﬁs"
k-3 no significant gains found, but-program™

rated favorably by teachers, parvents,
and pupils .

DMP
GCWP
IMS =
USMES =

Developing Mathematical Processes, .
‘Grester Cieveland Mathematics, Program.

‘Individualized Mathematics System ‘ .
: Unified Science and Mathematics in the Elementary School

VD

-
-
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studies (e.g., Feunema, 1570, 1972). Here we focus n their use with
“the Cuisenaire program, which is based on use of the rods in specifically

defined ways. The rods are

all equal in cross dimension. [l cm] but differing in

length and color. ,The rods are .calibrated in length -

to represent fhe [numbers] 1 to 10 and are identified

at first only by color. -Thus, the rod for five is

called, not the five rod, but the yellow rod. S$tress’

. is put on the discovery of relationships réqher than

S . on early mastery of the number combinations and early

e;oficiency in computatien. [Brownell, 1968, p. 153]

|

Table 19 indicates the general-variance across these studies. Crow-

, der (1966)€reported that a group of first graders-using the Cuisenaire
. gL - Lt . —_—

<

Do program (1) learned Tore conventional subject matter and more mathemati-

Y cal concepts and skills than pupils taught by a conventional program;

(2) average and abogg average pupils profited most from the (uise.aire

program}; and (3) socioeconomic status was & significant factor in rela-
tion to achievement with the rods.
The first finding is reflected in several other studies (Hollis,

19653, 1965b; Nasca, 1966; Use of Coloured Rods . . ., 1964). Children

o

learned traditignal subject matter with the Cuisenaire program as well
as they did with the conventional method, while tﬁey acquired additional .
” concepts and skills through the Cuisenaire program beyond the ones taught
in the conventional program. .
Brownell (1966a, 1966b, 1968) used tests and extensive interviews in
an‘anaiysis of the effect on underlying }hough processes of th?ee mathe-

’ matics programs, with British children who had studied those programs for -

three years. He concluded that (1) in Scotland, the Cuisenaire program was -
. . A~

in general much more effective than the conventional program in devel:ping
.; .

meaningful mathematical-abstracticns; and «(2) in England, the conventional

program had the highest over<all rarking for effectiyene;s in promoting

* - -

g ) ) , )
AEIK\[C , . 85) ] . . - K




STUDiES ON THE CUISENAIRE PROGRaX

TABLE 19

"74"‘ ‘:‘ ¢ 3

. Grade )
Author Date . level n . Result
Brownell 1963, age 7 1406 .p Cuisenaire » conventional
1967, ’ (Scottish schools);
1968 / conventional} Cuisenaire,
Cuisenaire = Dienes
(English sctiools)
Callahan/ . 1967 ages lc ‘Cuisenaire helpful for -
Jacobson - . 7-10 mentally retarded
Crow.'er 1966 1 € 425 p Cuisenaire » conventional
-Dairy 1969 k-2 ~ Vop Cuisenaire in kindergax;ten}
conventional
< " ~ R
Davie?/Williams 1972 age It —36—¢ NSD5 tcnvanfinnﬂ1!Puisehaixﬁ[if
mult inodel ’ g
; } s ; ®
Fedon 1967 1 2 ¢ \'NSD, Cuisenaire/ac}ectié .
) 26 p :
Haynes 1964 3 5¢ NSD, Cuisenaire/conventional
. . 106 p = -
Hollis 1965a 1 12 ¢ Cuisennire » conventional
. on "modern" test;
-Hellis . 1965b 1,2 9c NSD on traditioral test
Lucow 1963, 3 12 c. Cuisenaire;> conventional
: 1964 . )
Nasca ~1966 2 2 c Cuf'enai;e-) conventional
on Cuisenaire content;
NSD on traditional content
Passy 1963a, 3 1800 p~ génventiopal‘7 Cuisenaire
- -1963b, ’
1964
Williams 1972 elem. conventional ) Cuisenaire
(first year); also
‘ Cuisenairs ) Cienes
B Cuisenaire y conventional
- (second vear);
— - Cuisenaire = Dienes.
;' Use of Coloured 1964 1,2 5-8 s - Cuisenaire ) conva2ational

Rods . . .

on Cuisenair: content
NSD on traditional cantent

<
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conceptdal maturity, with the Dienes and Cuisenaire programs ranked about

equal to eagh other. Brownell inferred that the quality of teaching was

decisive in determining the relative effectiveness of the programs.

Other studies havwve been concerned_with?thg‘cffett of use of the Cui-
senaire program on a particular topic; for shorter periods of time. Lucow
(£964)~énq Haynes "(1964) studied use oé the program to teach multiplication
and division concepts for six weeks in ;hira grade. Lucow attemptea to .
cqptrol‘ché.effect of prior work ir grades™d and 2. He concluded 6hat the

Cuisefiaire method was as effective as regular inst¥uction in general, and
f L - .
seemed to operate better in a rural setting, especially with those of high

and middle IQ, than in an ﬁfﬁﬁﬁ‘Séttingtj'Haynes—usedApupilsvwhOAmu%LJnv
familiar with the materials; no significant differences in achievement were

found between pupils who used the Cuisenaire program and those who d¢id not.

e

One may note from Table 19 that, qf 7 studies at the first- and

g

second—gradé levels, all but one favor the Cuisenaire program (although
more often on special content;ﬁgsts than on {raditional tests). How-
ever, the studies at grade 3 do.not continue this trend: one favors ~

the Cuisenaire program, one favors a traditioral program, and one report$

no significant difference. Perhaps the Cuisenaire approach is more

effegtive ir. grades 1 and 2, with its effectiveness dissipating during

grade 3. The- earlier discussioh of the difiiculties of using Cuisenairé

e . -
-
P

rods for mpltiﬁlication (see pages 49-52) would certainly be consistent

“

with such a conjecture. -

Mathematics Laboratories i - -

«

The mathematics labdratoryhis one type of acrivity-based approach, and

is the mede of instruction used more frequently to promote the goals of

- . e 2 -~

activity-based learning. It must be clearly recalled that the term "labcir~

~ .

s
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tory" is used to denote & wide variety of procedures: some of the studies

cited on Table 16 (activity-oriented studies) might well have been tagged

:

as mathematics laboratories. 1In Loth cases, concrete materials plus a

variety of other activities are used. Tables 20 and 21 list studies or
. 7

approaches which the researchers themselves identified as mathematics labo-

»

ratories.

On Table 20 are 13 studies in which a laboratory approach’was compared .

with a non-laboratory approach.ASAlthough the content varies, it seems

evident that at least equivalent athievement can-be expected %th mathe- ~

matics laboratories are used, while the attitudés of students usiag labo-

»

ratories were comparable to the attitudes of students not using laboratories.

significant difference in attitudes is somewhat surprising to many, for
L]

The fact That achievement—is—egquivalent . cccurs eren chough time was taken
from regular instruction; that is, students who w.re expoSed to

different content in the mathematics laboratory achieved as wzll on reguiar

. b
content as students who continued to study regular conteat; Ropes (1973)
= . .

. -

and Vance and Kieren (1972) note this specifically. The finding of no

-
~ -

o

it 'is g-nerallv believed that more positive attituaes are prumoted by labc-
ratory experiences. Wheg one considers tnat sometimes ounly one lesson a

week (or-only part of a lesson) is spent in a laboratory situaton, the

firding may not be as obscure. Little note is taken of individual

reactions -- whether a child works well in a laboratory setting or S

whether some might feel more "comfortable" in a sctting vhere limits are
cont:olled and where expectations are fully known has not beed detailed

by researchers,

.

. Tablé 21 lists studies in which laboratory apprniches wure used, but

there was no comparison wirh a non-laboratory apnroacii. 1in .ui'2| ihe,

> “ ‘ N

S . Su.
y - .

W

«




TABLE 20 - T

-

'STUDIES COMPARING MATHEMATICS LABORATORIES

n-

s l »

Focus

28 p

147 p
24 ¢
24 s

.lab vs. conven-

tional in inner-
city special
schoo}

lab vs. textbéok

»

lab vs. non-lab

WITH NON-LABORATORY INSTRUCTION ° -

Achievement

- conventional had

S

signifitant
increase, but

NSD on common -
items

NSD on standar-
dized test: on
non-standardized
test of concepts,
lab better; on °
computation,
textbook better
NSD. :between -
pupils; differ-
ences significant

- Grade
“— Date level
1971 7,8 .
Dunlap 1971 4
; “Hollis . 1972 4-6.
' . McLeod 1971 2,4
;7 ﬁowak 1972 4-6
Ropes . 1973 2,6
3

550 p -~

88 p

lab vs. teacher
demonstration vs. *
no instruction
on probability

lab vs. non-lab

lab vs. non-lab

between—scheols

NSD

&

lap better in

. grades 5, 6; con-

vwentional better
in grade 4

'NSD

Attitude -

significant
difference
on some items -

[}

NSD, but lab
better in more
schools

.—LL.—

NSD in oné’schboly
lab favored in
ather

NSD

\

N




AruiToxt provided by ERIC

-

Author

Schippert

" Silbaugh

Simpson

<
I
=)
o
o
o
)

2ret

~r

Grade
level

TABLE 20 (Continued)

n rocus

1972

1974

1974

1a72

7.8

fo s

- 87 p

4 ¢ SMSG texts
with student
manipulation
of models or
abstract approach
in inner-city )
schools

lab vs. non-lab
. vs. non-lab in

scheool (but no

manipulative

36 ¢

materials in aay)

lab approach with
NCTM book wvs.
traditional text
approach (slow
learners)

o lab vs. non-lab

>
[
R

N

pairs in %ab vs.

large-clasy disc
rovery vs, 'repu-

lar program

)
¥
’
'

lab vs. indivi-
dualizeu instruc-
Lion un.ts

!

Achievement Attitude

NSD T T o= -

significant
skill growth
favoring lab;
still favored
2 years later

lab had favorahle
effect

.
~7 -

significant dif- NSD -
ferences favoring

lab on 1 of 6

units, favoring

non-lab on 2 units

NSD NSD
(significant correlation” between
achievement and attitudes for
lab group) - ’

5

NSD, except strong preference

t
lab group better for lab

_-on higher level

thinking and
cumulative
achievenent ,

7lab better than
non-l1ab

HBL_

Y

O

b




- bk o A 4 B %y 73 P e

R v - + R ~ e - O TR TTRLF BTN O Lad Dy v G ok M aAETR T R ¢ Mk Foin ¥4 Sy LIV Sy 15 v
:/‘ <7 S BRI s 4 U} : FRETIR P A € Ry
. ¥ ) H f * e T - ¥ - - -
-~ -
1 )
>
N - .

- .. ..- ) . Grade ; y i . . .
. Author Date level . n . Focus ‘ Achievement ) Attitude ‘ ) .

‘Wilkinson, J. 1971 6 232 p lab units with NSD ’ NSD
R . ) worksheets and J .

o v manipulative - -
materials vs. ‘ : , ’ . .

: lab units with . . ! .
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o, : o : ) . TABLE 21 L. : PR T
‘ . OTHER STUDIES ON MATHEMATICS LABORATORIES, . . ‘ ’
1 Grade - - .
oo ‘Authoxr Date level n Focus Achievement Attitude ' T
;; o _ < . . . . ! . .
0 Brondef 1973 elem, individualized increased, but ) * . o7
. . diagnostic units students did not C
X ‘ ./ on fractions meet criterion ) ‘ .
e jt . ‘ . 2 ¢
N . . o !
i/ : .. . 9
ph- Gray 1973 elem. -3s field study of contributed to . Lo !
] L . . iab approach "improved achievement and attitudes ! .
. N . “ . — Ll - .
. - 3
Hicks 1575 . 7 120 p - identifying fac- no single factor
: tors related to identified .
N _ success with - . /
; - o . manipulative lab,
. _ . approach & . ’
“ ! . o . ' . N ) o ’
! . Higgins 1969, 8 A study of attitudes significant dif- : -
, 197¢ after instruction ference on 6 scales; * )
e . _ ‘ * 4n lab no significant ‘ /
’ _ , _ ' relationship
/ ’ ! ‘ . . between attitude / )
/. . ' andé;?hievement °
- Howard . 1970 5 12 p field study of lab achievement and attitfde gains i :
- . ! , (in rural culturally
, ’ . ~deprived area) - Yo
Flisey P jr. Li, 5 © . teacher-pupil inter- types of ) . “
aziics ‘.. isner-city beliaviors ,
. . schocole: . identified
“ ~ ) - ‘ - ’ = ’
, Helure ALIN 8 - O nre— and post-lab  effect differed favorable attitudes .
. . 146 p experiences among classes ) '
. - - ' \( '
- N . ] \ , . .
: o N - ' . . -
g E MC . ’ - ‘i . ' . N
:. num Provided by ERIC . 'I @ ;
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:rocusﬂis on making finer d*stinctions S ., Higgins (l969 l970) on

h :‘ attitudeszxKaiser (1974) on teacher-pril interactions, aud Hicks (1975) . . R
- I‘ = - . -;;.
‘on predictive'?hctors. ] * . P - . 1 ) l.\’b ) 2;,\:§
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_— ; : beveral factors have been propose\ in attempts ‘to anaLyze the failure ;oo ,.quﬁ

= £ / !

. 7:of mathematics laboratories to fare better in research studies. We believe . " cr

, -

i
ot
3
N
*

that the;wide variations in type of céntent type. of use, time, and. such

d ... - -

<~variables play a role, in many laboratories, non—standard content has been

- i ] .- *

—emphasized rather than 1nteresting and challenging activities more . -

< N

B
o

Sl related to?the regular program. Thevlaboratory is at t1mes created,as'a

5 - - Ao - .

- o mere "fun-time . rather than an 1ntegral part of the program. ‘ There )

. < Y e -

B "L seéﬁé little Teason- to us why laboratories candot be aimed at promoting

.
[T

D both curricular.and motivational goals. if:jv: : - o L
oot A . . & ‘ . . . . R
f ) ) - - ;' * P ﬁ' > : . ’ S '
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Beoo ;iﬁ sﬁamari;éf;ﬁéséarch on;Acti?ity;?roggamsfﬁodes

What can we conclude about the: use of activity ‘programs and strategies
K -4 ‘: R
. I the previous sec/ions, these points "have been made. !

i
. -
L) P

”fgf:AétiviterrieﬁtedﬁProérams. About ‘half of the studies reported

, - T-s

achievement diffe;ences favoring the use of activities, while ‘the othe. ' _: -

half reported no significant differences. Despite questions about quality, -
the evidence (see Table 16) indicates that students ising activity-oriented .

%programS:or-units—can be expected to achieve as well or better than studeénts
o ; . - . .
!

= “using programs not emphasizing activities. The evidence.on attitudes about\

—

3

= - o e ) C
oE mathematics is. again unclear.. . o _ \ . -2

LIS

ACames._:Centain games an be uséd to promoté'specific-learning‘out--
——— \ j . .

g ’_‘\\\\comes.' Children like to play games. Older students like to play competi-

tively. ‘The "Equations" game may be used as a vehicle.for research (see

- . . "w.".“ . ) :
Table l 5> But research<has not yet clearly focused on the .effectiveness .
\ . N ¢ . ‘ : K
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. of;games for teaching basic elementarx school mathematics tOpics.
“‘3
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b,

- C DMP and Other Programs. Field—test data indicate that pupils in the %
- B L. x PO :
4 ; primary grades achieve successfully ;1th the Developing Mathematlcal Pro— §
‘. cesses program (DMP) Becduse the use of materials and act1v1t1es is ‘S0 ;
‘f integrated in. the'program,‘it is. not possible to separate the- effect of ; :;
. them-from the effect of the measurementjapproach sequence differences, “: E ség
ii_v ~ and-.a hosgfof other‘factOrsj j )¢.“ . i S ;:' 77.* A"K %
- %}3?;¢T*‘The,;gme problem. exists with other programs;,there are simplyvtool T X é
~# . many confounding variables. oo T R B
. . ‘ - bl . B T T
;“gﬁuisenairefProgramj Usé of the Cuisenais : program has beepffoundugox 1 **E
b{e.:‘mpt,é- effective ‘tha;n:-use:Of“wa Eénx}@&ti.cﬁa;i program :(that is, one in S \
: vhich the Cuisenaire,rodsayere:not:used)vin-aboué‘hglfzthe studies'citedléi et Vh{%
7 “Csee Table 19). ‘Research—has'focused on its effect in“the brimérf'gggaésé. §
2 with no discovered attempt to ass:ss its effect beyond third grade. ,(ﬁote:f . Y;j
; 7 the Cuisenaire rgds_have -been used in other studies as a material D) a 3
- - i“athfwaficsfLébgrgtoriésf _Denotingra widevvarietywof procedures,, A 7 §
the mathematics lahoratory uSually (but not alnays):involves use of mani- . %
f‘pulative materials p___'a variety of other, activities. VAt_least equiva=, ‘ ,V,Ql %
lent achievement can “be expected when mathematics laboratories are used - _»-' “ %
(see Table 20) The attitudes of stiudents using laboratories were compar- 5
. . N e
.,able-to the ‘attitudes of students not using laboratories, almost all studies
treported no significant differences in attitudes. Laboratories may be a T
A}”strategy‘not.amenable,for use: by allistudents or by all ‘teachers. L. I
Thus, the eVidenceAprovided hy $hipp and Deer (1960), Shuster and
Biggé~(l965)3 and Zahn (1966) that a greater amount (at least 50 per cent) ;
of concentrated developmenfal conceptual work .ih lessons’has'a strong ) i
:positive effect on achievement and undersﬁgnding, isistrengthened by »the“.'w E
findings on activity—oriented‘programs: F ) . ‘§

s, Co e e
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Conclusions T . S Do s o L e

;piihe concliidihg sections for the previous two chaptersyhthe evidence oo

T e s b St - T PO
- <

“from research focused on the use* of~man1pu1ative Faterials ‘and other acti- .o
/ . ; >3, LIS o - N 't.‘

vities ncluded,in activityéoriented programs:was«summariged. But redundancy . .
. S . ,~*w. . . . . . - ) -

seems to be -a function of reviews, SO the conclus ons-.are succinctly . .

N restated here. Inxeach caSe, theyprevious sumparies~shoui3”bé refertedrto» .

e . . . - e - ' o

R N - v e e 2 * Ly > - v T L, : - B

.as- the -source of documénting evidence.» : .. ) ) ;
: L nE. evicent . . . S
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;?"'A : ,Manipulative Materials. YeSvor No? Lessons using manipulative materials ) .
s - " R N w B . & - = %_;- - ~ ~ ~ S

:héye higher probabillty of produC1ng greater mathematical achievement than . *'%
= "1186 non—manipulative.lessons.j; ‘,‘ - : o7 '1‘“ T N o o :
i .l Concrete,‘Pictorlal and Symbolic Seguencest"which9 When? ‘Symbolic )
i} . "-treLt@ehts -are not asxeéﬁeCtive:as'thoseiin.ﬁhich;manipulatiVé matefialslrr
% " ,aréfused Use of hgth manipulative materials a1d pictorial representations ;
é_:" ‘3' :is,also highly effectlve. Ihe 1nclusion of the concrete stagefin sequences
? je;—' of dn ’ruction -; thdat is, 1ead1ng from concrete to p1ctor1al to symbolic as
j%:Jvigy isdhighl; plaus1b1e.. L ;~ ' ‘, oL Lo ,'\_.: ﬁ;:vli‘
ST T - e e S ;
% . ~; EﬁﬁbodimentsiAone‘or,Many? Research has generally indicated that “&?%et'

- - - -

i ‘“*“is;no d,fference in achievement whether one or several embodiments of

e mathematical ideas are presented

;‘}‘,', B 1 ,«’ it U J/ . 1
-~ - - ,f

- - -

- ‘Who ShaIl_Manipulate? It appears to be as effect}ve for chiidren to

ST B A A nac :
- watch the teacher demonstrate with materials as,itlis for them: tc use ma- ..

~ N P .

dee ““tériélS»themselvef, particulariy if their attention is focused and they -

¥ :
B ,‘ . i = N . ~ - , . . A . . } ;A "‘i :
M . ke .o o . . . A . M - “
; - "think along' with the demonstration. (However, not all lessons should , Cep)
; "pfoceed without the dse of manipulative materials by studénts - see above ' -
g TTE S T S e ' ¢ ) o B
P . . . .
»  _conclusions!). DU : : S . ) .
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tf°Iype and Age of Learner. The use of materials appears to be effec-, . =
B o T =0
tiVe.with children at allﬁachievement levels, ability 1evel&, and socio- :
economic 1evels, although data are sparse. -speoialtprograms)may, howeyer; S ,{f
’a N . p - . . R ot . T
~1‘:1:od;“’icé~:svpecia:l effects! , £ . - i ) . :
e - SR
The use of manipulative materials is of some impostance For all . ' s
' . A . ' :..- ) : FAEN ¢
3 . s 3 o
grade/age,levels in the elementary school R . - s
. - . . ot
. : - “ - - . . v MR g
?ﬁ I Mathematics content. The useé of materials appears to be effecLive .. H
N : B R BT - e, S PR ne =
‘,‘ AR ‘ - * e - -4 .
R, . T on ¥ = i
ST for addition—subtraction, multiplication, fractions” and probl@m solv1ng, 5o T
ST ‘. o . . . ’.-" ’, 7 Nz . ~ ;
with no clear conclus1on for numeration and geometry g ) ot L
- . = e * _ - L( ~
< ¥ = = H a‘,' N h
) Attitude. fitéle réséarch 1nc1uded in this rev1ew assessed ‘the atti- o %
r‘tﬁdes Qf”students’incstudies:oﬁJmanipulathe méterials. The use of many - .
- . N i N . LT = ‘. ;-\)‘
. materials and pictofia_l ‘aids mdy be better than the usé of no materials N R
e & i i - . . E 3 . -
. - - - 4
in promoting more positive attitudes. fvg
M - 3 . . . - 6]
' AétiVity%Oriené d Prdgrams. StudentsAusing‘activity—oriented programs L
~ - . . - . N .
or unitsg can be expected to achieve as well or better than students using 4 .- . ¢ -
} - ) - ) ~ &
| programs nét empha izing activities. Attitudinal .evidenc iszgnclear. ] L
B 3 . i " . ,A i:
Games., Certain{games (like quations") can be used to promote speci— se ey T
P P " - }‘t’ B - .- *
‘fic*leafning outcomesz Little research has. focused on oas{c elementary— T
- g .‘" . . '
) school“mathematics content.- ) : & » ) A
% K ﬂ ) /“ l o . Ib\\""; -
‘, DMP and Other Programs. Developing Mathematical Processes (DiP)
5 . . - o ;.‘. At . oo
appears Eo be effective in promoting desired achievement. The effect\of CL ;
e, Eeolilo - '

incorporation ‘of manipulative materials and: activnties jn this’'and othe

N

. -'; ‘n » 3 -"J»
programs cannot be precisely détermined I .
’ I . -

. - : J ¥ h

. ,Cuisenaire Program.ﬂ The Cuisenaire program has ‘been founa ta He

Wl

] i
‘.} ‘ K ' R

il. . B
more effect Ive than conventional programs in about half the vtudies c1Led ] N

_}’ % 3 3 T

6 5 ® o I
(It should be noted téat the uuisenaire rods havé begn used in otncr studies
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Mathematlcs Laboratorles. ‘At ledst

.
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T
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equivalent achlevegent

r, be expected when mathematlcs 1aborator1es are used

H

Fs

/\

J ‘3he answer to the question, "Should and how should. man1pu1at1ve . ;
“ . A . - . : l :
S materlals and oct1V1ties be. used_thh children;inACOmpensatory‘éducétion e .z

- . P . ; e . L S e . ;

) j s - : / RO L4
;prbgrgns?"nis‘no different from'the/answer fbr'Other childrenz/ Care in i :
4 / ! N ) 7."". -

- ‘e PN -

dec1d1ng on how to- use them is ‘of~ 1mportance. the teacher should attempt‘. -

B

'a

1fo. focus the attentlon of the chlldren oh the mathematlcal p rpose for PR

N v .

ThlS may come through most clearly when rhe L

o .using the:material or 1esson.

. B
3 L . ‘f

1esson proceeds from a. problem—solv1ng ‘basis; ‘That is, a situationv(om

- .
. - 4 .
- . ¢ S |

'verbaluproblem) is presented the chlldren mirror the problem w1rh materlals, '

o
- P Tp ey on

‘as they (a) develop ‘a mathemat1ca1 idea and (b) reallze the appllcablllty Lt b li;

P

N »or mathematrcs to. the real world.
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Other Rev1ews

e
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A

'

Table 22 lists these, along w1th other desc[.pt1ve~stud1es on such top1cs

as&histgrical-background and -extent of use of materials. Of particular N :

. . Y " g -

interest,are revieWS of research on manipulative materials and/oryon mathe- |

v e b

mat1cs laboratorles developed by Fennema (1972), Fltzgerald (1972),-K1ercn
(1969 1971), Vance and ieren (1971), and'WiLkinson (1974). 1In almost all

* .

3
T - ’ .. . , . . LY
cas€s; there s similarity between their conclusions,q&dAcertain of ours.® .

RN I . <

‘For instance! Vance and Kieren (1971) summarize the results of the. seven
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We did ot reread their reviews until after the
this. report were written!
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preceding sections.of
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e ° Harvin, 1965 ‘suEVey of: extent of us, oﬁNmaterials o
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. ~ Kerr, 1974 % , evaluation of devices»used~by the blind, &,wﬁ
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i - Kieten, 1969 E\\ . review of research on: manipulative activity learning
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. Kieren, 197l review of research on‘manipulative activity learning
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. ﬁ " Brousseau, 1973
e xter, 1975 .

_.  Dittmer,\1972
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historiCal study on use of counting aids §
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historical study on development of laboratory approach i’

review of’ research on‘mathematics‘laboratories Lo
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guidelines for developing a mathematics laboratory
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";’.hinth;graders)‘by stating“ i R .

Y
- s \ T ’ B 3

é'él.‘The research 1ndic;EES\<hat students .can learn mathe~

*matical 1deas from laboratorylsettings. However, in
. max1n121ng achiovement on cognitivenvarlables, other
':g' c, meanlngful instruction appears to work as well if not

AR '

-

3 . )
¥ . p - . . -

2. One geperally held feeling about mathematics laboratories
is that they promote better attitudes ‘toward mathemat1Cs.
" There 1is. only limited ev1dence of th1s in the careful
'fevaluadaons of act1v1ty—oriented mathematics, although
‘most students seem-to prefer laboratory approaches to

% - 4 -
\ ¥ &

o ‘\ 5 ! PR

<

3. The '’ gai made through 3 laboratory approach appear

- - to be practic 7 DRSO i , o e
.. 2 . ) N Lt ?‘;
2 N ’
: ”In summary,vthe research and evaluatron literature shggests
s ﬂthat laboratory approaches can be used practically and | )
® effect1Vely. However, any éffecfive utillzation takes “ LI
L :¢rganization. . . . [pp. 588“589] - ‘
A ) & N
ARV o _ s ) ¥ .
Fenfiema (1972), in her review of research on manipulative materials.
P(tetmed-a model.in her review) indicztes: i '
A YO LT o RO . ’ h e ° M ‘:(' .
SR Although the ev1dence, both theoretical and empirical, .
. ﬂg appears to 1nd1cate that the ratio 6f ¢concrete to symbolic
kﬁ . quelf u§ed to convey mathematical ideas should: reflect :
? . the developmental level of the learner; it should not be
N, . infefred that -either model [conerete or symboliﬁ] can .
S «suﬁfice at any level in the elementary school [p. 638]
o . v gt .o
N ) T . . ) .
°;*Since the set of studies reviewed ‘in this‘report differs, .few’
g \ " Vot * i
W"’ - .

et T .

exact comparisons can be expected That there is a need for more research

Iy ,
/ studies on mhthematics laboratories which -they reviewed (1nclud1ng one- with

bett°ﬁ. P o IR -

‘. more c’ass~or1ented approaches. o 0 iy o

-
o
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of elementa@;—school mathematics achievement over a w:de range of mathe-
; ; .

P matics topics, gngde levels;, and classroom settings. When summed
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Implicatlons for Further Résearch - : . N :
. By Y :k‘ e @ "A( R M — -
.:'* ey -w r .,
We believe that research clearly favors the -use, or manipulative ;
9,, ;," . u": i . . -
o m dterjals” -over che non*use of - materials when compared on general measures. -
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2,;f A g~ together, the researchfrevlewed shows the use of materials to be at p
5" , - ) :---- 3‘; -/ . "h‘% . PR « N
- L. least equally ef@ective, and often superior?,to_the non—use ofsmaterial84
B0 R L AN B e ” '.We <.

.
are very few, and usually

R -
v PRV AN Cases where~nonausb of materials is Superior &t
ce D " -y c\ %, - #-—,‘ Y - % -
?4 P i 2 S i A * o T J"‘e - " F ’e
iucludegthe presence,of confounding variables. . ¢ LTt
’ ., v e ~ TR N kS ca 0 + ’ S T o
., ; Unfortunately, the implications of\?ESearch for classroom adoption WL I,
T e 5"_4 ;-:-'Q g _ T - s - :
- and ‘use of manipulative mategials are not af\all clear, despite the . .
B \' o P - ‘?"' - :
. j obtimistic statementsuabQVef* The difficultx,is that, -while' the ex1sting . CE
R SRR . i_\ B . T . R - 7 K s
: . " ‘researchtcan be summed to; provide a broad and general picture of effec- -
‘3.« T:‘A‘ '::‘%3 V . . Q\..'.g . /‘;/ 4 . § .Jp. ,*/‘
i . ‘. tiyeness, it provides‘practically ne Speq ic details about the components
I SR - - - v. N - - v N
i < LR P - »
. " or aspects of materials—use that+lead to that effectd eness.’ If every
P 5- n . . 4 ." £ | .
R ‘iu‘ﬂl, R - .
T '“research study concluded that every use “of every. manipulative material e
- }‘;.7 ;".; A_‘ ?e L ‘e' . . - { . .4/ -: ‘
° s .’increased student. achievement;.there would be little need to worry about )
e . . 3 . - R . B
S s,‘ghe,details of that-use. We, could conclude that the mere preSence of s
L ..manipulative m‘terials in a mathematics progxam would be beneficial In
FEE ot o ‘o -
e e T .. e p \ .
s fact, research results'show us to be as far away from. thlS comfortable L.
: = . ] Y. : . f,‘ ) i . N \,\— to
) s . . - i;li
..,A:conclusionrasipossible. ‘No matter ‘how we class1fy studies - by mathe-, = "
" “-"rv. T R 4,‘) . _,_.l:-,_ ) . A 5 N / i -7 i-
B maties topic, by, type o of learner, by age of learner == we find the ' .
T o xx o 7
“~ P A e LY . - ,'
e . .number of studies, show1ng no signiflcant advan;age for the use of materi-’
E‘ l--’ ..‘; - . Ry . * K} 1 u;' ;
R als to Be about equal to the number significantly favoring the use of -
5 H Te : , -
. 2 . . . N
L, : w:‘materials. Our optimism about the efﬁect of materials stems from the ' s -
T RO ) : At . ;T
AN _.'; . ) i i ] - . ) : ‘ - ) . ) - . 5
. absence, of, studies showing the non-use of materials ta be more effective
R N T . . = ) ; :
¢ . S , -0 . i . 'gg . o L i .
) .-than the use of materials. The crucial question istobvious:.what factors
: -t ey ; o p
; v ’made Some treatments involving materials so much more - effective than ‘.
T, . e e v - et — e ——
—. - - am T - ' . 3
. £ ‘gothers? # . . . »
: ". - ’ ‘ . [ N
f - A indicated in the section "Multiplisation Revisited", we; ¢an - L
" find no definitive answers to this question in the present body of ' I
N ‘i 'r"‘ - . . 3 i N
’ fesearch. Most studies have been designed,to show cnly whether or not ",f
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the use of 'materials -can. be effective, Ve believe that this ques¥ion . 5
ﬂ'has\been‘answered affirmatively. Future research must be designed Lo, . S

° o

i~
2 isolate and identify those factors wh1ch are present in and characterize

. -5 o ) : . '
‘the effecfive usé of materials. fSuch factors obviously include the< . ‘ v

¢

s

"” . Ynature of ‘the materials themselves, but also involve their use within -
. . e M
the curriculum on both short- and long-term ‘bases. 2
- s . 3 : o

>

“This effort calls for more sophisé&cated research design than has

P

béen—fypical of past studies. lMosc gf the'studres»we)reviewed embedded-

€ i ‘,

. 2~

- :the use’ of manipulative materlals in a broader mathematics program

- <

¥ M . . il
' .without isolating the wide range of potentially confounding variables.
' ¢ R bd
‘These other variables are seldom clearly iden%&fied let alone measured

o' % w

On pages 7 and 8 of this report we,identify eighteen categories

- N > ~ e

of variables that would seem to have -some- a priori effect on the success
0 - v A R ‘; « N3 W

~9f the use of.materials. We. anticipate the use of regres31on analysis :
'techniques ultimately .o elaborate the 1nteractions\and relative. impor-
‘ vtance of these categories. However;.we believe'that_the lack of speci—

* .

‘ficity and understanding of variables within these categdries makes
b discussion of this research approach premature. Wevbelievé that the ~ ,
following seven areas ‘of investigation are simple enough to have more

© 7 7 immediate c0nsequence. (Qur seven areas, and specific suggestions within
}eacﬁ;'are,meant to be'illustrative rather than exhaustive.)
l.-Degree of Guidance. Many studies use manipulative materials in
. <+ __.an inductive-or- discovery méde. “However, the degree tg which
T this induction is guidéd by prescribiing specific steps and
R * 'f q procedures for ‘handling. the materials is rarely made explicit.
v ‘It vhould be relatively easy to construct one treatment where
- the desired final goal is generally described ‘but the interme—
) diate steps are not specified and free exploration. is encouraged.
. A contrasting parallel treatment with. specific procedures for
Y ) ‘manipulation of materials given to students at each step could
then be compared . . -

A

.“ ) -). . T g'

- = -
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2. 'Use: of. Symbols.. . Symbols of mathematics are an effective way
to: record the- results of various manipulations -and configurations
of materials. "This,, 'is .obvious to an experienced adult but
it may not be :at all obvious- to. children. Do children néed
a: high degree of guidance and instruction in- transferring con-
‘crete manipulations to symbolic records? The contras* of (a) a ‘
treatment where‘the child is given detailed and explicit in- . cd
'struction in ‘the use of appropria*e symbols with {b).a parallel :
. treatment where childr en are -encouraged. to. use symbols only as B <» I
s they néed and inyent them should suggest additional. investiga- ‘\\\;\ o

¥

< tions in this aﬁea. . . T ,
L= . Y Voo
3. Role of Seécial Interaction. A child ‘may manipulate materials
in relative' isolation, or the materials -‘may -pose problems ‘to- o
be- discussed -among children. Is social interaction benefjicial , 2
in conjunction ‘with- the use..of manipulative materials’ s there ' *

[P« NN

: o . an. optimal size for the interaction/group =- for, example, do-

CL .7 small groups'bf children ‘leirn more’ effectively from materials,. B
; N “\. . than large: groups or individuals’ “The construction of treatments é
i;i EE <differing only on. .group size should bé relatively -easy., In= 5
;0 - - cxedibly, we found no studies focusing on manipulative .materials: * Y

c o in: which group siae was the primary indegendent variable. ) .

5 , p .

L ’ Classtoom Social interaction is also determined by -the teaching N )

L e 4 e T strategy employed- by the teacheér. Do. different types of te dcher ) -

~ - 'questions, or different forms.- of teacher interaction with /student o -
groups, afféct the Success of - manipulative material use? ’Perhaps al

; initial exploration with materials is better .carried: outin

. gcoups, while the - drawing of conclusions and transfer of know= .

. : " ledge to symbols would be done moxe*efficiently by indivlduals -

gono interacting with theoLeacher. The design of experiménts wheére .

e grouping patterns: of children are alternated should also provide

’ ' .'interesting data.

L Lﬁ:iliiﬁ"

' '@. Sequence Blacement of Activities: Does the point -at which: mani—
pulative materials are introduced in the- development of a- concept
make a difference" or' example, is-it better to use materials
: ) to introduce dnd define multiplication combinations, or is, Tt
T ' better to define multiplication more. generally (and abstractly),
o and later introduce materials te show the applications of multi-
Y - pllcation’ This question lies at the heart of spirited philo~-
el . sophical arguments betwee \mathematicians and educators, yet

the: very general approach ta en in past research on manipulative

) materials gives ,no data. relevant to the question.’ b

e - ) v \ . 2
‘Hand-held  calculators now provide an abstract, but accessible,
way to introduce multiplication. ‘Comparisons on the useé cf
- o ‘ manipulative materials before the calculator is. introduced with
the use of manipulative materials only after work on the calcu-
lator should shéd light on this question.

' : Lo
" 5. Length of Use. Are manipulative materia}s more effective if
- ) ' used for longer periods of time? 1Is there benefit to .be gained

o B 106 . T




L4 7’7)y _ s; ‘ _91_/ f’ . . .
;g‘ - from using similar equipment to illustrate different concepts
FR . at different points of time in the- curriculum? _Or should

i.;. (‘ specific materials be Lied to specﬁfic applications so that J/
I . ‘'a wide variety ‘of diffcringsmateriaﬁ is used for different

Fe . applications’ These and other que§'ions relate to the effect
B L of time on the use of manipulative materials.

., . B . , v - . d

o~

R 6. Training of Teachers. Ve, suspect that some -teachers: may -be
. . more effective in their use of materigls than others. Does .a
) ’thorough knowledge by teachers of the- possibilities and appli-
co . -cation of a set of manipulative materials affect, this effective~
ness? Most studies mention that teachers were trained to- some
degree in the use of manipulative materials in the research
- treatments.  Eat no studies varied tha amount of thlS strainiag
as-a first step toward mcasuring a specﬂfic teacher effect.
|
7. Type of Student. ‘The initial ‘purpose “of khis report was to
- ldetermine- the rffectiveness offmanipulative materials for
"students in compensator educatign programs. We:c6uld find
rlittleievidence that materials were- either‘more‘or‘less effec-
‘ ; ‘tive. for students with learning difficulties -or socioeconomic
N S disadvantages.‘ In fact, we found very few studies designed to
PR i investigate directly this question; and fewer instarces of
. . . T sufficient ‘data or analysis upon -which. to draw confident con-
S . / clusions. The measurement and description of student abilities
. . [ and characteristics is. crucial ‘to this type qf study. Because
- 1. of the complnkity of providing enough 'data-.toi understand the
¥ / interaction of student characteristics with the use  cf manipu- o
e .lative -materials,. the use of a large pOpulation with appropriate
: < . sampling - techniques may be required. Such studies might best
oo i be designed by téams of researchers funded for Felatively large-
. , / scale Anvestigations.

[y

-

. i . A
> .- N I + . . - s
T : . .

; ) ‘Many mathematics educators believe intuitively in the importance .

ok oim ."1—‘,
. - : .‘ Fo—riy,. =\ .. —

of using manipulative materials in the elemgntary-school classroom.

. . ) \ . -
£ .Sﬁme believe that there is no longer any need for'further research on
° . -1 3 . N\

\
] the.use of manipulative materials. This report tends to shpport the

first position, but strongly repudiates the second. There are.too many

- .

. .studies where—the use of manipulative naterials is "only as good'as" RN ' _‘}
-, reguIar instruction to believe that we. know all rhat is needed about
;;_.#: vw%’the‘use of materials. Our understanding of the details of-effective

e . A -~ \“ *

use if shockingly scant. There is an obvious need for new research

R - . 4

efforts on the use of materials in’ activ1ty learning in elementary-
v

7 \, !
. - °schocl mathematics. Vo ( % 3
! - - - . { . :
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i o Igpllcations for ClassroomvPractice ‘ ] .
" T ‘;‘;'L . ) = I . B . . o
L . . .
s PR "9A5~we d§Vbloped this report, we generated cértain thotheses about
- s L effective classroomeractice. Some were deveIopedqoq the basiS~of the
o £indings Of one or more srudies. Unlike the items.in the section of
13“, IR vthiSﬁQhepter on conelusions, however, they are nore coniectyral im
-~ i B ‘- R ) . - T
e T . R s I, ‘
\ .ature; they may serve as general guidelines for teachers as well as; .
o : " T, ) 7o
N X . , . ) 7 . i
’ for -others: . . T v ..
” - 1) - >

; "We believe that lessons involving manipulative materials will pro- &

=

duce greater mathematical achievement than will lessons .in which manipu-

lative materials are not used if the manipulativé materials are used well.
: = - -

Tl T T g - - V

' What does it mean to use'materiels;Weil? KIthough'mucﬁ.fqithef reseatch

~

. is needed to answer this questida, our analysis of, effect;ve qndwiqe‘ﬁeor

. .
[id . P - .o

- tive treatments suggests the following points: S .

1. Manlpulatlve materlals should be used frequently in a total mathe-""
matics program in a, vay consistent with the goals -of tnag program. 4 o
nor example, the study by R0pes (1973) shows thdt casual (in thlS .
case, once a week) use of manipulatlve materlals dn mathematics- ;oW
laboratories is not.- -effective. Simpeon (1974) is able to trace . _ PR
weak treatments to units which devoted small percentages of ‘time. ~

*  ‘to manipulative activities. He concluded that for his aits (at Y

the seventh-grade level) at least 50 per cent of the lessons )

should haveilnvolved manipulative materials for the units ‘to -be L v

,effective. It may not be reasonable to expect a fixed percentage , C

of time for all mathematics topics, but the amount of time devoted .=
manipulative activities should be substantial. , . s

/’ | ’ £

2. Manipulatlve nmaterials should be used in congunct;on with othexr - :
5 . aid , including pictures, diagrams, textbooks, films, and similar 2
”mateflals. - L LT

) .. An exa@ple of a study which supports  this is Brown (1973) *who ) »

. . £ound that a program involving manipulatlve devicee together with )
: _tehtbooks and films produced superior achievement when cowpared T

to programs using textbooks and films, or manipulatlve marerlals‘ ) o :

) ) and textboogs, or textbooks alone. Several other studies have i

. ! havé found that treatments combining different approaches appears -

to be more effective than sxngle—focus approaches. ¢ o
e - ~ .

. . must not be lulled into believing that they are the loug-sought .-

. Manlpulative devices are effective in promoting laarnlng, but we
|

L g 2 -

s L M - - e
- . - « xe N % « . )
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panacea for solving the pxobIems of mathematics educations Vis10n—
aries and prophets periodically ari 3¢ to espouse the cause of
manipulative materials. We should beware of tunnel vision that

. focuses solely on manipulative materials to the exclusion of

P everything else \.: _ . P .- < "

3 Manipulative materials should be used in ways appropriate to
mathematics content;;, and mathematics: content ‘should be adjusted
to capitalize -on manipulative approaches.

Some algorithms may be, effertive without manipulative materials,
while othér alternative algorithms are preferable when used in
conjunction with manipulative activities. As hand—held calculators
‘ affect the: classroom, ‘this matching -of algorithm to approach will
S become even .more’. significant . o

b Maﬁipulative materials should be used in conJunction -with- explora-
tory -and; inductive approaches. , , oo f'w‘

Materials used in arbitrary a-:frote ‘pYocedures do- not seem.to be
particularly effective. Nichols (1972) constructed -one:of "the
strongest treatments using man1pu1ative materials of .any- study -

. we analyzed. She cbnsc1ous1y built a discovery approach in-with
the use of materials._ Strong treatments -in other}studies also .

y may not be overtly:

identified ‘as such. If the ultimate purpose -of physical manipu-
lative activities 1is.to stimulate mental activities, ‘Some’ degree,
of freedom/seems desirable. It is possiblewto manipulate objects

accordingdto preset, fixed patterns e w1thout thinking. . -

<

-."
-

5 The simplest possible mater als should be used in difect relation-

ship to ‘the . mathematical attributelbeing-studied.‘

. P ¥ . > N
The effectiveness of us1ng Cuisenaire rods to teach multiplication
seéms to- be questionable (e.g., ses Fenneéma,. 1970):s ‘Although the
Cuisenaire rods reduce the numher of pieces. that must be handled,
the child must count a number of non-unit fods, convert these
fods to trains, then establish,a ‘train of tels or unit rods: of
-equivalent ‘length. Although elegant from .an. adult. point of view,
thlS procedure is apparently much more\complicated to the child ~
than simply counting obJects.' Thus, for Antroducing multiplication,
daterials like. egg. cartons and: counters ‘Seef to be more effective.
Simple, direct materials. are more - effective than elaborate ‘special
‘constructions: Materials should make: mathematical procedures
easier, not ‘more coleex. g - .

u . “f

z

0 ManipulatiVe material should aid in,grganizing_contegtxv 2
. - EEL e = %'.\ o .

o When materials provide organizational schemes childrEn ‘seem. to
be helped, even with symbolic fecall ‘and achievement Fo:,*ﬁﬁ?
instance, Trask (1973) -points out that” the number of objects used
in introducing mu1t1p11cation can be ogvei helming to children.
Successful studies have not only provided -counters, but. also
other aids to help iu’organizing ‘them andrthe ideas. Punn. (1974)

T




',provided array-boards .and pegboards in.-addition té. the -isual
‘chips -and: bottle caps- commonlv used t7ith: multiplication. His

" treatment was . effective; whereas Trask“s was not. Nichols (l972)
:provided felt mats:and record booklets, and organized her treat-
ments so- that chi1dr°n explored multiplication combinations

for onlyvone "family" at a time: The streéngth of her treatmént;
,seems to have ‘been. characterized By freedom within organization.
Manipulative materials should ‘be used with programs which encourage
-results to-be. recorded symbolically. . -

Treatments which stress connéections -between: materials and symbols
seem to- be more effective than those which do .not. The kev' to
-using: manipulative materials is ultimately ‘the transfer of under=
) standing generated by those materials to the successful use of
i;‘and facility with -a symbolic system., . -

~ﬂThe use of manipulative materials‘andzother objects isxhelpful in
Af a 'variety of pathematical ideas (it seems to’

us)._ In some way" whether by informal,,every-day observations or by

< — e

r,re systemati instruction, the child must develop a-::base or foundation

'yv b »

‘“ puly

-ot which to deKS:op such understandings. The ideas, or knowledge and

. skills;derived, QM- the ideas, are applied in the real, phys1ca1 concrete
)

Aworld.v Concomitant flements or factors which strengthen the effect of

the use .of materials, a1d facilitate the understanding of mathematical

»_‘__». -

[

ideas developed from a concrete base, include meanlngful instruction and

.»__

o~

’teaching‘for transfer and generalization.

. .

”

- -

PO

-

‘Some :Suggested .Guidelines 7 . .

g.:’.“ . ) 0 - " .
As we .analyzed the stulies and developed conclusions, we also -developed
a:liSt_gf'suggestions,for those whg are planning mathematics préjects or
;selecting>elementary-school_mathematicS‘programs:
Vs . ;

’

e fij Mathematics projects and programs at the elementary-school level

should'beuscanned to. ascertain whethersmanipulative materials are incor-

t . -
- - »
. - M -

poratéed. -The use of manipulative materials appears to increase mathematics
v -~ . L ('“_' -

achievement. Erojects not using manipulative materials should justify

- - - ’ - .& ‘ - °

110
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nion-usé of sthem: there are exceptions whlch Can be Justlfied as, for .

TR A

3
%

~

)

a oy
.

'in?tancéy'éhén npzmeénihéful‘métérial éxists.
; i - 2. Mathemat1cs projects and programs should be scanned to assure that ]
. - B 3

: L there is a h1gh probab111ty that man1pulat1ve mater1als will be>well-used. f

3.‘Projects and'teachers:should have. a budget item or Vpetty;cash;fund"

LS

o . " 17' 7 y
" to purchase ord1nary, low—cost mater1als rather than rely1ng excluS1velv

o - . *
5

S ‘on commerc1ally prepared mater1als. One cannot*judge the qQality or
- . ! e fen - e

effect1veness of mater1als on the- ba51s of cost alone. ) - -7

- .. PR

4 Programs should not. be chosen_on the~bas1s -of s1ngle factors such

* » ¢: - ',,’v . . S .
. x . - -

as mult1ple embod1ments or manipulatlve mater1als w1thout supportlng materials.

I - -
-

T s » B ‘St,When mathema 1es"laborator1es, ‘or other act1v1ty-or1ented programs,

Ty - €
are proposed the coordlnatlon 6f the laboratory and . act1v1t1es wlth the

- = ~ - - 4

’total gathematigs program should be planned;e~0bjectives, scope,_sequence,

o - - o Tt i ) = . - - -
- P s by - - e i
©. -~ and-evaluation must be- cogrdinated.; _—
i - K Y .. - : ’ -
- ~ =
- - - . . -

K ;Ac . -, . B 7.. R = . r % ' \-\ 't‘ . ) - ] ‘ - - . ‘ ‘
s A Final Word . . S ] . L
by - - i - - o - - ~ * . "
i -;_. - Lo i - - N CL ) ] -

, Present research provides no more than tantalizing ideas and suggestions

B . - . T ~. L ,h\\‘ - .
- 7 about how to use manipulative materials successfully. It agsures us that
I I S : , . .
"it_can be done”, but not how to do it. If research can provide definitive .
Fan be N : can

R = o

. Tfanswers,,it”mﬁst be the,research of the futur;, not‘ﬁhat of the past. Re-
A ) /- .
\ search’is .a very compl1cated prdtess._ Every singlé detail of a study has

. : potential 1mpllcat1ons.  Every s1ngle detall of a teacher's planning also
- 3
~has_implioations e e ) L Co '
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Instruc: >nal Gaming as a Means to ‘ .
Achieve Skill” in Selecting Ideas ReJevant for Solving a Problem.
ERIC ’

"113 158 (1974)

Y.
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) S played the "Equations" game for five sessions. Significant increases , )

: . " in ability ‘to detect'the relevance of a particular idea for solving
.. a .problem ‘and in evaluating w mathematical ex

pression involving
S that “idea. were ﬁound : .
- o ]
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iw”f‘°Layman E. -and Ross; Joan. __provingﬁSkill in Applying Mathematical
;IéeaS' A Preliminagy Report .on ‘the Instructional Gami;g Program-
igk Pelhian: Middle School in Detroit. FRIC:  ED 113'163: (1974)

_ fen- eighth—grade mathematics classes (n, 0237 students) ‘wére testec
pn -computation problems after using the "Equations" game, scores
increased o :

. A}
[
"

. -
N K3

\ ,Q? son, George R. Visual-Tactual Dev1ces° Theéir Efficacy in Teachlng
[ ;Area" Volume and the Pythagorean Relationship to Eighth Grade. .
?, Children. (The: Pennsylvania State University,; 1957.) Dissertation

' '%bstracts 18. 160-161; January 1958, :

v -~ ¥ u.‘
e ,’z

= In eighth;gradé classes (n = 408 students), a.klc of 16 visual-

_tactual -devices ‘(multi=sensory aids) were used by themteachers of
T ‘One. :group- in: making presentations for a.unit onsareas, Nolunes and
. the Pythagorean relationship, these_devices were also available
-at a1l 'times to students: In a comparison with matched groupS' no
o~
i signlficant differences were found in. achievement .0r attitude,”
" although all stated that they found the devices to be- helpful

® - -
¢ .
it

’Armstrong, Jenny R. Representational dones as They Lnteract with Cogni—
- tive Development and Wathematical Concept Acquisition -of the
‘Retarded to Promote ‘New. Mathematical Learning. Journal for . Research

~- 4n Mathematics Education 3% 43= -50; January l972 T

- . s FE N
,Trainable mentally retagded children.(MA 2 to 4) (n 20) exhibited

. greater mathematical learning when using manipulative ‘materials. than
when uSing draw1ngs. For educable mentally ‘vetarduod children

(MA 5 td 12) (n ='675, no s1gnificant diff%rencbs were: found betweens

-

- “the’ two types of materials eXcept for learning(which required DL e
Tépresentative thought where those using manipulative materials
: scored higher. L Tt -
- - > /,(- sz

;,, . “ “ e "o

Babb James Herman. The Effects of Textbook Instruction Manipulatives, L.
~-and Imagery on:-Recall of the Basic Multiplication Facts, ~(University
of Southern Florida, 1975.). Dissggtation Abstracts International

36A:". 4378; January l976 . : . ; e

ES
- N N

Instruction with textbcoks manipulative materials, or ima"ery (a
mneumonic method) were compared with: three second-grade classes
’1earn1ng multiplication facts. The use of materials was more’

o

effective than the use of imagery or qiitbooks., T

”

v

= Barragy, Sister Micheleen. The Effect of Varying Object Arrangement and

‘Number. on Children's Ability to CoordinatepPerspectives. (George
‘—Peabody College for Teachers, 1970.) Dissértation Abstracts Inter-
national .31A: 2730 December l970 s -
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(i =60) were.asked to match photographs of object groups- with -camera
N ¥ pogition.' The number of objects and -the ‘type of arrangement had no
ki “? measureable effect on the difficulty level of the coordination of :the:
Lo perspective task, although there were significant age differences
“‘“in performance. i o \\\ 2 .. .

.o " ¥ -
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>
- Barrish Bernard Inductive versus Deductive Teaching Strategies with .
) High and Low Divergeit Thinkers. (Stanford Universitv, 1970%) -
4029 February 1971. ’

S

For 20 days, 125 children from ‘grades & '5,. and 6 were taught by-
‘either a deductive—reception strategy or .an .inductive-discovery
R r.strategy, in .each of. which, concrete- manipulation -wag' used "where

, fedsible!"., For the learning of low-cognitiVe ‘mathematical material
a deductive—reception strategy was found to .bé more- effective than

..an inductive-discovery strategy, no diffErences were found for high
A ‘Cognitive material. R & &
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4‘1Beal -jackie Leée. An Evaluation of Activity Oriented Materials Developed
" to Help the Low Achiever Attain Basic Mathematical Competencies._ (-

(University of Nebraska, 1972.) Dissertation Abstracts International
v 33A.{ 3249~ 3250 January 1973 o :' " A

,.
¢
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. Thirty*classes in grades 7, 8,79, and 12 used NCTM materials for *
PR Iow achiévers with emphasis on- active involvement of the learner.- ‘
’ Some differences in achievement and attitude favoring classes using
various units were*found.. . ’

I $ I
= . }
- - 5 . . . -

> - J h
Beardslee, Edward Clarke. Toward a Theory of Sequencing. ‘Study” 1-7:

|
An Exploration of the Effect of Instructional Sequences Involving .
\

P %
! .

Enactive and Iconic Embodiments on the Ability to Generalize.: (The
Pen§sylvania State University, 1972.) Dissertagion Abstracts Intek-
national 33A.. 6721 June l973 i //A( s

il P F
_—==

i Forty—nine pUpllS from grades 5 and 6 were rando'nly assigned to

.. 7 programmed units. on equivalent fractions using either (1) disksy
(2) disks and circles, or (3) disks, circles, .and rectangles. An |
-additional 29 pupils who had’ already achieved criterion on two of. ﬂ
three sets of .objectives received instruction on only the final set |
"of objectives. .No significant differences (p = ;15) vere -found

=i,. of geneialization.

e s jas?)

[See Gau. for a companion study T .

/Randomly selected children from kindergarten, third,iqnd sixth grades

- between the use of one, two, or three concrete embodimenta oh tests %\
{
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: i " Beardslee, deard C., Gau, Gerald E.; and Heimer, alph T Teachlng for ’ é

; ST - Gcnexdlizatron. An Array Approach to Equivalent Fractions B

: ) ~Arithmetic Teacher 20:  591-599;. 'Novembet 1973 ) Co

¢ - t . B . . T *

: . . A : .t ' N

i’, . The companion studles by Beards]ee and "Gau provided the basis for i

i o ‘tihis artlclc, which e¥p11cates the .procedures, used in the studies 1

e o go that tedcherq can apply them in therr classrooms Attentlon is . ;

T . } Locuscd on™ he use of arrdys (with dlka and c1rcles) . 3 . o

: ANy .- - - . S oo
o SRR . . . ». . Ta e

B - Becklpnd,‘Lester Albert. Independent Study: An Investigation of the
. Itﬁe tiveness of Indepengcnt Study of Novel Mathematlcs Materials
. s ) in the Elementary School: (Unlver31tv of Minnesota, 1968.) Disser- .
L¢P "7 ltation Abstracts 29A: g52 April 1969‘ . . A g

¢ P2

Rt o : ' \ Y

;- o For content .on vectors, groups; and-transformation, pupils in 18
- ) . lasses in brades 3, 4, and 5 used ‘standard mateyials-or activity= .
. orLcnted materlals e]ther with or w1Lhout teacher direction. On .
. ) ) varlous ‘measures, “edch of the groups scored: significantly hlgnor 1n N
e ' ﬁx'someimnstances. . R . ) : oy .
;\-‘ . E ‘ o . "-. .~ o, T Tl \-—*QM / -2

w

L
o Bernard, Richard Paul. The Historical Develbpmentmof the Laborarory . ) NN

[ . A

k“‘ . ’ ApnrOach to Flementarv School Mathemdtlcs. (Indlana Univer51ty,_ -

o . -

. o R 1977 ) leserfatlon Abstracts Internatlonal 33A: 5028 Mjrch 1913 <

e Q . i

. \ N
B _]n 'hls analusls of the develOpmeng of the.laboratory approach, it ) Lo
o was noted that between 1966 and 1971 the approach was used, dlqcussed
o «~ and advoéated more than at any pnevious time. * -

) L . N <
;y-; el N . , N . - - N ] s Lo :
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s %1s¢o Robert Marld : Efgect of Wanlpulatlve Waterials on Understandlng ’ :

poo Operations with Fractions in Grade V. (University of California,’ - =
. ‘Berkelev, 1970. D) Dlssertatlon Abstracts Internatlonal 32A: 833 ) i

e ‘Auyus. 1971 L . ) . . .

h N , . - Py - .’
N , ‘4 « 2

lwentv -nine fifth grade classes (n ; 501 pupils) from two socto-

ecowmic levels were compared on an experimenter-developed’ test

. beforc: and dfter 33 lessons on addition an. subtraction with Iike: L

;a/ ;"‘ fractions. Pupils using ‘manipulative matexfals (flannelboard . §
.« fraction kits) or watchlng the teacher demonstrate with ‘materials Ty -

R e achlevod at least as.well as pup&ls taught with nd‘manmpu]at;ve '

o ‘mater Lalb No srgnlflcant differences were found among lower SES

N o blnups, nassive use was 51gnificantly better- (p - ..01) than non—use

~ For pupils in the ,higher SES groups. Interviews w1th 100 pupilks . - e ‘

;indicated that as difficulty level 1ncreased more errors were , . 5
made with addition and subtraction and with reduclng to lowest Lerms.

.
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Effects -
of Manipulative Activities on Arithmetic Achievement. and Retention. Co g
.PsyChologicaT g_ports 35 247 2523 August 1974. S , Vool s

.
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Bledsoe, Joseph C., Purser, Jerry Dis and Frantz, Nevin R., Jr.

.With seventh graders, use of learning packages on fractions and
decimals, using manipulative materials, produced. greater gain on
,post and retentionptests ‘than packages using only: paper—and—pencil

A 4

. exercises., . - & ” e R 4
N N . ey i . B

N - o 1

- . i i . A

Bohan,,Harry Joseph. ‘TStudy of the Effectiveness of. Three Learning
Sequences for Eg valent Fraction (The University of’ Michigan,
1970 X Dissertation Abstracts International 31A: 6270 June 1971.

N G - . Sy T

In éne app;oaé;, equivalent fractions were introduced with diagrams LT

) ,and sets: o objects; in another approach, paper—folding activities ,.‘ R

) ‘were- used{/a third approach used muitiplication to-deve10p -an. appl‘ T

'eable g‘neralization. Two: fifth—grade classes were. assigned to, each
treatment (n 171, students) No significant differences

@t

.

’ pli ation W1th fracrions. On posttests on equivalent fractions, the E.
/gToUpS, using diagrams or, paper—folding ;scored significantly higher _“/ o e
‘than those - using the ' property of one" procedure, while the—paper— ) :

folding group -scored significantly higher on -this retention test and S
an attitude measure.v s ‘ . . R

. ) . . -

T T . : o . oLy
- o ¥, - . L - :
Bolduc; Elroy Joseph, Jr. A Factorial Study of ‘the Effects of Three —

Variables on the Ability of First-Grade Children to Solve Ariﬁhmetic . :

Addrtion Problems. (The University of Tennessee, 1969. ) Dissertation S -
Abstracts Inteinutional _30A: 3358 February 1970. = _ Y, - B AR
A A a5 - AR G : .

> TINY

éanircy—six randomly selected“first-grade pupils were ‘tested on
problems in whichx(l) ‘the question preceded or followed the data,
(2). the elements had Iike or d1fferent namés; and (3)- direct, indirect, -
or no visual aids were used. No’significant differences were found S

__llfor (1) o= (2), but problems presented-without a wisual aid were '

‘more difficult than those with either ‘type of visual’ aid

o ¥
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T . Bowen, James- Joseph , The Use of Games as an Instructional Media.l (Uni— }

o .o versity of Cal;fprnia Los Angeles, 1969%) Dissertation Abstracts .

S o International 30A., 3358-3359; February 1970 S -

.‘!'

s Three clas es of intermediate grede honor students were 1nvolved in f‘
A oL T thig stiudy with the game WFF'N'PROOF. Those who used the game had
s i significantly higher gain scores than those who used a textbook to

\study logic. = /
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Branch Robert Charles. The Interaction of Cognitive Style wiﬁh the
Instructional Va%iables of Sequencing andlManipulation~to Effect
- Achievement of Elementary Mathematics. _(University of Washington,
1973.) Dissertation Abstracts International 34A. 4857; February )

1974 ll& ) .,
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Nine sixth-grade pupils classified as high analytic and nine classi-,
C i fied as low analytic were randomly assigned to each of four treatment

groups pairingfinductive aud .déductive: sequencing with;or without
. manipulative use of, rumber lines, for four lessons on add}tion and ¢
4 . subtraction\witp integers: On a retention test one day l@ter, pupils Lo
using numbelr lines -scored significantly higher than pupils watching
.the. teacher use‘a number 1ine on the ,chalkboard (p & .05) Inductive* .
Asequencing W th ﬁse of thé number line was better (p x .005) than - ) S

|

j .
- ¢ . deductive sequen ing without materials. = RN i
¥ ; ;v i

= n LA i § < ) g
~ ‘ \ . RN
Bring, Curtis Ray. Eéfects of Varying;toncrete Activities on the Achieve-
ment of ObJectives in Metric and Non-Metric Geometry by Students’ of
,Grades Five and 'Six, (University of Northern Colorado, 1971.) b
Dissertation Abstrhcts International 32A:  3775; January L972

. ,q ,
For one Week z pupils in grades 5. and 6. used semi-programmed units 5 )_
on metric and non—metric geometrys Classes using concrete materials, ';,;

<(.sugar "cubes andj models) achieved higher meadn scores .than classes
mﬂihout materialh but thé d1fference was significant ‘on only posttest .
'II Cauca51an3' hieved vignificantly higher means than ptudents of. -
other ethnic bac grounds (in Colorado) but the difrerence in gain )
e scores was not significant.- .. i v T : ’ L

'
~ - ¥
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Bronder, Cecilia Colette. The Application of Diagnosticireaching and a:.
Mathematics Laboratory to. a Middle School Individualized Unit.op )
Fractdions. (University of Pittsburgh, l973 ) Dissertation Abstracts >
International 34A§' 15794 October l973 ) ) .. Do &

8
J -0

An 1nd1V1dualized lnit on fractions which incorporated diagnostxc
teaching and a ;mathematics laboratory increased ach1evement~ although
the elementarv-scho?l studcnts -did not meet criterion on ,the test.

. o

B " s -
iBrousseau, Andre R. Mat ematics\IaboratorieS°k Should We or Should We Not7
School Science and ﬁathematics 73: \99- 105 February 2973. . -
. e . :
- Research on the: use bf mathematics laboratories.is reviewed; it is
suggested that laboratorfes be considenedjone approach'to be used
.. v to meet” indiv1dual needs. P ‘ N L -
- 7, . , e“»‘{\"‘-f:\ Y. : \:\" T
Brown, Claude Kenneth. A §fudy of Four Approaches to- Teaching Equiualent
Fractiens to Fourth-Grade Pupils. (University of California, Los
Angeles, 1972.) Dissertation Abstracts International 33A: 5465

A\ Yoo April 1973, . meRER e

o
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Twelve classes from grade 4 were taught equivalent fractions for 18
--days. , Use of manipulative materials and/or a film with the textbook
"resulted in higher achievement than use of %he textbook alone.




PR
i
1
1

Brownell William~A Arithmetical Abstractions.: Progress Toward Waturity
of’ Concepts U.der Differing Programs of Instruction. Arithmetic
Teacher 10: 322-329; October 1963. e

Brownell Wilriam A. Arithmetical Abstractions. The Movement ‘toward.

Conceptual Maturity under Differing Systems of Instruction.
University of California Publications in Education, Volume 17
Berkeley. University of Galifornia Press; 1967.

‘\Brownell William A. Conceptual Maturity in Arithmetic Under Differing
Systems of’Instruction. Elementary School Journal 69: 151-163;
Decembér 1.968.

To’ ascertain the progress ‘toward abstractness and the maturity of

arithmeticnl .concepts of children who had been exposed for three”

0 years.to different ingtructional programs, 1406 séven-year-olds in

T English and. Scottish'schools were interviewed. They were.asked to

provide answers tp combinations, their mathematical rationale for

+ each operation, and how they solved word problems. { In the Scottish
- schools (n = 478 pupilso, the Cuisenaire program was more effective

- than the cohventional program. Children using the Cuisenaire rods
had quicker responses and more- mathematically matire solutions.. In

L the English schools, (n = 928 pupils), the -order of tﬁ

4n ‘use there was the conventional progran, .theé Dienes program, and

-+ -~ the Cuisenaire program, but ithout much- difference ibetween the
last two."l’

e
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. Callahan, John J and Jaocbson, Ruth S. An Experiment witth tarded

- Children and Cuisenaire .Rods. Arithmetic Teacher 14: .10-13;
January l967

™ \,
»

-Use of Cuisenaire rods* with mentally retarded pupil" in oné class
(ages 7 to 10)- increased knowledge and understanding of number facts
and _properties. . -

N i - -

Carmody, Lenora Marie. A Theoretical and Experimental Investigation into

L _the Role of Concrete and Semi—Concrete Materials in the Teaching of

fElementary School Mathematics; (Ohio State. University, 1970.)
Dissertation Abstracts International 31A° 3407; January l97l\ -~

PrEE
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. N * 4 .
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N .

. g Three Sixth-grade cldsses studied units on. number bases, properties
-6£“0dd and even humbers;, and divisibility for 11 days. Significant
. differences“‘n the numeration test and on two transfer tésts were;
_jfound favoring the group using semizconcrete materials over the
- group using only symbols. On one transfer test, differences favored
-~ the group using concrete materials over: the group using symbols._‘
Carney, Harold Francis. The Relative. Eftectiveness of TWO Methods of
' Teaching the- Addition and Subtraction of Rational Numbers. (New.
York University, 1973.) Dissertation Abstracts International 34A'
. 659-660; . August 1373. <L
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e three programs -




A : oo ' \ ’ | S

Eight fourth-grade classes (n. = 240- pupils) were taught 28 lessons ' :
on -addition and subtraction with rational numbers. ‘On experimenterm :
~developed tests, ‘the. procedure using Lhe field .postulates -and othen

4 }i' o ‘properties, of whole numbers (such as commutativity: 2.+ 3 = 3 + 2) L
was more effective than a procedure using objects and a number line. “ ——

.

" First-Grade Mathematics Programs for Disadvantaged Me can-American §
: Children. (The Un1versity :0f Texas, 1967. ) Dissertati n Abstracts~ N i
. ' 28A' 3878 3879' April 1968. . -

oo . N Disadvantaged Mexican—American first’ graders taught by a spetjal .
T, _ 'program involving activities showed greater gains in. mathematies ' // n
*.achievement rhan those taught by the textbook—oriented mathematics\\h_;//// o
program. . N P . L% ‘ ’

. . . . [
-
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1&:;:;‘~ Castaneda, Alberta Maxine- Mondor.. The Differential Effec iveness of Two' ] i

= Cheatham, Béh H., Jr. & Comparison of Two Methpds of Introducing Selected
- i Geometric Concepts to Seventh :Grade- Students.. (University of e
. : - Florida, 1969.) Dissertation Abstracts International 31A. 11323 - lﬁ:’
S ’ ) ~‘September 1970. - o "’ o

P . . , . .
“ * * $
. . 13

- «
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‘ - For six classes of seventh graders, gains in geometric. concepts were ) -
s . not significantly different for those who constructed models with o
qcompass and straightedge or with paperfolding techniques. . ‘ .

- . . ] -
K » . ’ P
14 N s "

- Choate, Stuart Alaa., -The Effect of Algorithmic and’ Conceptual Development o <
f oLt for :the Comparison, of’Fractions. (The University of Michigan, 1975.) :
T Dissertation Abstracts, International 36A' 14103 September'l975 ¢ At

¥

o ’ 7 Ina study with eight classes of mixed fourth- and‘fifth-grade
: ’ students (n = 200) on sequences for developing the algorithm for -

- _°» comparing fractions, all g:oups used paper-folding and or -diagrams. T
- . A sequence in which conceptual work was followed. by late presentation B
: '~ of the algorithm appeared to- be better than three*other sequences. ‘Uw

S e :
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LT s Clausen, Thomas. Greenwood. A DevelOpmentaletudy of Children Re"ponses o }
o to Multi—Sencory Approach in Mathematics. (University of ‘Southern . ‘
Mississippi, 1971.) Dissertation Abstracts [nternational 32A. .

¢ ' 4830; March 1972. ‘{ WL )

EEYE

‘.
ot . A L <

. Eight classes (n = 177 pupils) in kindergarten and gradeﬂl used a ‘ .
¢ . multj-sensory (Montessori) approach Jor a worksheet—textbook\approach o

- 7 for six-months. lheﬂmulti—sensory groups achieved higher than the ) -
e . others.’ When.comparisons' weré made ‘at three mental-age levels, no.’ T, ;
P e differences between the two aDproaches were found. N - -
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Cohen, Martin Seymour. A Comparison of Effects of Laboratory and Conven- .

; . ” - tdonal Mathematics Teaching upon Underachieving Middle School Boys.
(Cemple University, 1970.) Dissertation Abstracts International 31A:x )
. n 5026-5027; April 1971 ’ l_ . Tk - ;
LT A . ; 221‘ 7 S~ .
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schHool were - taught fractional concepts .and: computation

« approach.

difterent.
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Coltharp, Eorrest BEe.
and' a Coucrete Approach in Teaching of Integers. to Sixt
L’Students.

Fogrteen seventh- and eighth—grade boys in .a - special inner—city

through a laboractory approach which used a variety of manipulative
and: multi-sensory materlals along with a student<centered teac\ing

A contrdl group of 14 boyi was taught the same contént
through a conventional textbook/chalkooard/discusston -approach.

The conVentionally taught group had a significant increase in achieve-
ment but no significdnt differenCes were found on a subtest:of
commonly ‘taught content; nor were attitude scores srgnificantly

A Comparison of tHe. Effect1VenGSs of an ‘Abstract

(Oklahoma State University,. 1968.) DissertatiOn Abstracts

€, T

for 34 days-,

-

h ‘Grade

International 30A.' 923-924 September i9§9

.

Lhe reSearcher.

"}‘

-~ ¥ -
-

K

1‘E%ok;’ﬁoris-M.“and others, Reseatchr%ndZDeveloomenL

*For 79 -students in four r‘ixt:h—-grade classes, integers were taight
either by .a concrete approach using the Gredter Cleveland Wathematics
Program material ,+ which relied or™the ‘number line ‘and othet viSual
procedures, or an abstract approach using materials deveioped by

No 51gnif1cant dlfference w&s found in achievement*

-

—

~

ies in R & 1 |

Units of Two Elementary ‘Schools of

Janesville, Wisconsin, 1966~67:"

Report~from Project Modelsi‘ ERIC:
In a study .with- 105 flrat graders,
performed better than groups using

~

ED 023 175%

o
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- Cooke, ‘Gary Fdnard‘ Conceptual Learting intgoung Children:
of theé Effects of Rote,, Princ1ple, and Guided Discovery
on Conceptualizatign in First Grade ‘Children.

B

oecember 1974. , N
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the designs, and a third group was qrestioned about” tne
and the ordering of the de51gn.

the organizing princ

*

Tple or ngen attribute cues."

. .
. A

Coxford Arthur Frank, Jr. The Effects of Two Instructional
on the Learning of Addition apd Subtraction Concepts in
(University of Michigan, 1965.) Dissertation AbsTTacts

[y

4(1968) -

g group using manipulative,materials
television and/ox textbook approaches.,

(University. of
Oregon, 1971.) Dissertation Abstracts. Intetnationtl 324

Twenty-four pairs of. first graders were presente' with a series of
five .pairs of block designs; one group was given, atrcibute cues, a
second group was ‘told the organiaing principle .and. directed to model

Students only questioned- about the
attributes and design scored significantly better than those told.

6544;, May 1960 .

¢

S
+ ' ., .-
- .

Lo
s

.
A}

~

A Comparison
Strategies

2?04‘

%

attributeﬂ

Approaches
Grade One..
26T 6543-




ERL Tﬁeseffects -of 1mmediate and delayed symboltzation of addition and .
R subtraction concepts were studied in six first-grade classés for

L LT 30 weeks. Delayed symbolization of’subtractlon 1éd to greater .
-*—‘transfer andﬁapplicability than did immediate symbolization.

~A N . H ) 1
*‘:‘f“x - i B s -
o ,_,,.: e

««—-*’”"*Cf§5free, Joseph Farris I1. An Investlgation of the Ability of Specially

v . Selected Children in: Grades k-2 to Learn Certain Concepts, Operations
- i%'i' and Applications of Directed Numbers.. (Un1vers1ty of Virginia 1965.)
coe ,Dissertation Abstracts 26: 5907 <5908;. April 1966 .

T ; P

N ?

2

-~ . K“ijO pupils each’ from klndergarten, grade 1, and grade 2 were tutored
e for/18 thirty-mlnute se551ons.,~All could wonstruct -a number line,

T YA arrange whole numbers: in .order;. and cité scme properties for addition
ST . Iusing -a. number line. All had dlfficulty learning to .subtract using
: Ja number line or a s%ide Tile, - -- -~

—

DL, Crowder Alex.Belcher Jr?fTATComparative Study -of TWo-Méthods of. Teaching..
*,?“.'1 . Arithmetlc in the First: Grade. (North Texas State Univer51ty,A 1965, )
e ” Dissertation Abstractb 26 ‘37785 January 1966

_rJ».»w—v*' o ~~____‘,, & - )
T A group of 242 first grade pupils us1ng'the Cuisenaire program was. . 7/
compareu with a. group .0 193 puplls using & conventional program. —r

X o The Cuisenaire group' & ,rLthmetlc achievement 'was; s1gn1ficantly . :

r Agreater (p> .01, .OOL) Upper and: middle socioeconomlc groups ' . T _”l

T e ,scored higher than lower SES groups. e e e {
T R g . : }\\“ i R ; . ,\-= - o -

ST — T 3; ’ . o f ST o *?,

S ~,{hrry, Richard Dean. Arithmetic Achievement .ds-a Finction of Concrete, - !

s ) Sami-Concrete and. Abstract Teaching Methods. (George Peabody s
- ) College for Teachers L970 ) D1ssertation Abstracts International s
. 31A.ca4032 4033 Febfuary 1971 T : . o 1

. L1 el had s ‘ " ¢ i » » =

D% . - ;
ey - Clock arithmetic was taught to students aged 8 to. lO Methods prov1ding e
) . concrete materials or pictures resulted in greater computational T(
AT~ achievement and underscanding of properties than did a, veérbal method. L

o B ﬁ‘a - . .

q:‘iv . . - = . * ’ ~

;LA‘ . :‘ . - e YUY I ] 3 . __,"‘.

- Dairy, Lorna. Does the Use of Cuisenaire Rods in Klndergarten, First . '
.Y -and’ Second Grade Ubgrade Arlthmetic Achievement ERIC: -ED 032 128, _

merlm- (1969) ) L . : ] Ly

~ N : vt N p
. d - -
P R . %
.

ff e _f . Children who- used Cuisenaire rods in k1ndergarten -s¢ored SLgnlficantly L
F e, e 'higher-(p> .01) in grade 2 than did a group taught without using rods. :
Wy - " "y

"' . . . » i’ 4 s d

ir’%%' '-Dashiell William H., and Yawkey, Thomas D, Using Pan and Mathematics
' Balances with Young Children. Arithmetic Ibacher 21: 61-65;
L January 1974.

"‘:

L Fbrty first-grade pupils who used a mathematical balance as a physical
- -0 model” for adding single- digit whole numbers solved a greater number of

problems correctly than did pupils who had used a pan balance.
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. DaVidson, James Edward. The. Impact of Selected Concrete Materials on . v

. ’ the- Understanding of .Cértain Mathematical Concepts by Grade 3: and
" —t—  Grade .4 Students. _(Columbia University, 1972.) -Dissertation
’ Abstracts International 33A: 6323 May 1973. ’

. ' . - I b
Pupils in grade 3 who ‘were- below the grade -median in—IQ had signi-
jficantly better -conservation responses after use of materials with
‘the textbook than -did those who used -only the ‘textbook. In grade 4, o BN
,the -‘high 1Q group using materials had bétter conservation of 1ength
No achievemﬂnt test differences weré found

“Davies,. Rhys and Williams, Philljp. - A Comparison of Three Methods of. .
Teaching Fractions to Older Slow-Learners. Educational Research 143
‘236—242 June 1972 : . . D

> . &
. - . . .

. No- significant differences were found between groups of English

. slow learners (mean age 11). who used a formal ‘traditional program, .
the Cuisenaire -program, or multi—model materials, except in .attitude:
toward fractions,,where the traditional program scored dowest.

=1 Dawson, Dan T\\and Ruddell, Arden K. An Experimental Appro;ch ‘to the
: ) DiVision Idea. Arithmetic Teacher 2: 6-9; Februa.y 1955.

~—— ~

- For ‘fourth graders, use of manipulative materials and Visualization ‘:~7 . :
. - .procedures for division seemed to aid in achievement: A greater,
T undetstandiag of diVision and its interreiationships with other. . .-

‘Operations resulted from the study of diVision using the subtractive
: concept dnd*manipylative materials.

Ser . - - - . -

~

- X ‘ - /"‘ ~ ) _"-,, ;sr
--DeFlandre, Charles, Jr. The Development of a Unit of Study on Place—Value
‘Numeration Systems, Grades Two, Three, and Four. (Temple “University, .-
1974'? Dissertation Abstracts International 35A. 6434; April 1975.y i

A place-value numeration unit consisting of 27 actiVity cards was - b -
-developed; children were led from the manipulation of concrete objects . T
to the process of symbolization. Used for nine weeks w1th pupils, in )
grades 2, 3, and 4, the units were found to help children-to apply
—order and equivalence relations.

.

»

1) .

- I -
. -~

Denman, Thefesa Irene. The Effects of Special Remedial Classes and Various . -
( Multisensory Learning Packages on the Mathematics Achievement of = A i ;
Pupils. (The University of Michigan, 1974.) Dissertation Abstracts { .
International 35A: .7025-7026; 4ay 1975 T S

’ -

A
4

e

B No significant differences in achievement on addition and subtraction ;“"‘ i
computational skills were found between 455 pupils taught 22 1essons

- with concrete, pictorial, or symbolic materialsz and having or not
. having remedial after-school. sessions in grades 5 and 6. Use of a ) :
Visual aid .appeared helpful, however: ‘ : L AL

s
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s DeVries, David L. and: Edwards, Keith J. LearningAQamesiand Student Teams:
s . Their Effects on Classroom Processes. ERIC: -ED 070 019.. (1972)

T e
- - s -

DeVries, David L. and Edwards, Keith J. Learning Games and Student TeamS°
A —‘—:__'__“Tﬁeir“Effects -on -Classroom -Process. American Educational Research
Journal 10f 307-318; Fall 1973. - e — !

e — e
e

. \_\¢ - N . .
- ‘Using the game Equations "with teams of seventh graders (n =110 _ -
Lo . students) resulted in more péer-tutoring.and other affective benefits.

-

. - - ’”

- - ‘(":’6

A DeVries, pavid L. and, Edwards. Keith J., Student Teams and Learning Games:
S Their Effects on Cross-Race and Cross-Sex Interaction. .Journal of

ST 7Educational Psvchology 66: 74i-749; 0ctober ‘1974, , =~ B

«

7?7- Administeringfteam rewards to heterogeneous groups of seventh graders
A playing the “Equations" game. ‘helped to reduce race. and sex barriers
s : . ‘inhibiting interaction. = oo -

o

. ]
I's EY - b
. - N - . .t b
- - -

’Deﬁter John Harry. The Developnent of a Product for'the Concrete Wanipu-‘
lation of-Negative Numbers. (Columbia University, 1975.) Dissertation
o & Abstracts International 36A° 1267-126&; September 1975. T

=

LT - f' Implications of theories were eramined to determine a set of guide—

LT ’ lines for constructing ‘a manipulative material )
= .

»

&

' (\\.

L&

;'f - Dilley, Clyde Alan. A Comparison of Two Methods -of leaching Long. DiVision.

N (University»of'Illin01s at Urbana-Champaign, 1970.) -Dissertation <
- e Abstracts Internafional 31A: 2248; -November 1970.° . B
. ,j ) o . % - ~5 ' S

e . - Ten fourth—grade classes were randomly selected and assigned to be
= . taucht division using the distributive algorithn 'as a method=-of-. .
o, —keeping records of a naturdl manipulation of bundles of sticks"‘
. . or using the successive subtractions algorithm as it was. vreSented
- in a textbook. On an applications ‘testr, S1gn1ficant differences
favored the succéssive subtractions algor1thm°“differences on a

2 ) retention test favored the distributiVe algorithm. No differences o
e . were found on measurps of speed ‘and. -accuracy, nor did either -algorithm .
hoo- o appear better for®any:SES level. R
i - @ = ' : 2
o T PEPVE . Tove T : b -, f}’

. - (]
- '/" .

Dittmer, Karen Ann. Guidelines :for Developing a Mathematics Laboratory.
a - (bniversity of Alabama, 1971.) Dissertation Abstracts Intetnational
‘*32A‘ 5083250843 Mdtch .1972. . = f K N

v —~—
o - . i

. Responses Lo specific questicns from state superV1sors and from
: - téachers in grades 7 through 12 who used a mnthematics laboratorv
R : ° approach wére presented. . e =

_ . ~ <
7 - ) . .

LN

.
£

- - 4 ety - 5
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Dunlap, William Phillip. ‘A Comparison of the Effects of Diagnostics and | ’_ L)
Remedial Arlthmetic Programs upon-.the Achievement and Attitude | ) .

. Development of Fourth ‘Grade Children. (Unzvers1ty of Oregon;_ 1971.) o
e ’ Dissertation Abstracts International 32A:  2905-2906;. December 1971 Lo

N B R_For 29 days, 147 fourth—grade pupils used either a textbook.approach
o T (n =" 74) 1nvolv1ng paper—and—pencil act1v1t1es or a laboratory
;:‘ . /approach An-= 73) involving "extensive use of games, puzzles, patterns,
o . and the manipulation of physical obJects by children . On a stan= R
. dardized test, no significant differences. were- found for concepts A
.o (pkj .05) or computational skills (p-™ .0L). -alehough differences '
. favored the Iaboratory ‘group~on thé concepts test. Dataﬂanalyzed
by~schools indicated that. the laboratory approach resulted in better
Q.attitudes toward arithmetic in'more schools. .

“
>
~

n oty e

< - - N . JRSR S . A1 - - LY

Py > . L3 . -

Dunlap, William and others. Differential Effects of Activity-Oriented vs: i
Textbook-Oriénted: Mathemati¢s Instruction for.Elementary :School )

. - Children with Learning and :Behavior Problems.' Monograph No. 4. ./

S - ERIC' ED 057 546. T(1971y T . . f_ R -

N . . ] i .

[ yRemeuiation was done with manipulative aids’ or with paper-and-pencil

Lo . . procedure I fourth grades in 12 schools, significant differences,

i, -« .  were found between scnools -on -almost all achievement data.

.4 ~ 7 »

“~

Earharts Eileen. Evaluating Certain Aspects of a New Approach to Mathe-
‘matics in. the Primary Grades: School Science and Mathematics 64: Lo

z . , R . - AES - -~ 4 tal . '4;
. Al 715-720' November 1064 R - ooy T . s

..

g The group taught with an abacus. in grades 1 through 3, and tested in ;
’ grade 3, performed significantly better on_ the fundamentals test than
oz . . .did the workbook—aided group. . o S

,,.
]

I G -2 . v cL, ——— P
-, . ~ B . ¢ . : ~——
- - . v !

=5 Ebeid William Tawadros. An Experimental Study of . tbe Scheduled Classroom . :
‘ = Use of Student Self-Selected Materials in Teaching Junior ngh School ; ~
‘ - Mathematics, (University of Michigan, 1964.) Dissertation Abstrdcts
A 25.W3427 -3428; Décember 1964. = T

I

T For puplls in grades 7 and 8, no significant differences in achieve—
oo . ment or atritude were ‘found between groups us1ng School*Wathematics
~ -~ Study Group (SMSG) texts with or without self-selected activities
i - e using a variety of mathematical materials. a ) - :
R w L T ‘-:%‘”““r\e L e
. R ‘ o “ ' T ]
- Edwards, Keith J. and DeVries, DaV1d L. Learning Games and Student Teams: LT
Their Effects on* Student Attituded and Achievement. ERIC: \@D 072 391.
. .

(1972) ‘ N #

3 T

Seventh graders (n = 117) using the ' Equations game had more positivc

attitudes toward mathematics classes than dld pu 1lg_hauiag—quizzes“"—'~—~”~——~—
Eof. low- add average-abiliti-pupils, Céaﬁ_~'wards were v1ewedsmore
*ﬂdw___d___,,posiEsve1Y”EﬁEﬁ‘Tﬁdi;idua1 revards. =2

|
i
£ 4 .; :
. . 4 O
N . . e

3 <
G . - L . v
, g - = T - Pf . .
LT . 3 . ¥ ., 4 v -
-" . Ler . - . , >
i P . .
d . A . A - N

¥ B

4‘\




- .r . M . e
. ¢ N . . -

= AP

‘,.Ej . Edwards, Kelth J. and DeVrles, DaV1d L. , The Effects of Teams-Games—
- Tournament and Two Instructional Variations on_Classroom. Process,
- Student Attitudes, and. Student Achiévement.. Réport. Number 172.

YR v

, ERIC: 'EDf 093 883. (1974) T o T T T a“ <
i 7 For séventh graders (n = 128), some, s1gn1f1cant positive effects T, V;
) were noted for various scoring condltlons when play1ng the "Fquatlons
‘ -gamé. ) . g ) . g
- . ’ or « - L. ) a,_ .o T o oane

» 'Eqwaras, geith A DeVrles, QaV1d L., .and Snvder, John B Games and

= -,

- ’ Teams: A Winning "Combination. ERIC ED 067 248. (1972) -’ - *

& - . -

-~ Seventh graders- (n = " 96) using the "Equatlons game in four—member
" teams twice a week for nine weeks achleved s1gn1f1cantly greater
gains- on compucatlon ‘and divergent solutlons tests than-did; groups

oo R hav1ng only fegular instruction. Low achievers d1d esp C1ally
e, Twel X1 on the d1vergent solutions test.
;’ Eldson, Wllllam P. The Role of Instructlonal Aids in Ar1thmet1c Instructlou.' ',;%
: L .‘ (The ‘Ohio State University, 1956. ) D1ssertat10n Abstracts‘ 16: Tk
. - 2095 2096; Vovember 1956. R ; .
S . ’ o ’ - - L. ) ’ 2

(A checkllst was developed to determine the role of 1nstructional

a1ds in the elementary—school mathematlcs program, _ It was noted
that 1nstruct10nal aids themselves seldom teach ar1thmet1c, the role

- ", of ‘the teacher in their use is paranount. %
ST . \" -

- " - v " . .t » L4 N
o . R ~ ., M : . . . ¥

-
z

Ekman, Lincoln. George. A Compar1son of the Effectlvenss of leferent
Approaches to the Teach;ng of Addltlon and Subtraction Algorithms .
L ,'l in the Third Grade. "(Volumes I and II.) (Unlverslty of Mlnnesota, .
o o 1966 ) Dissertation Abstracts 27A: 2275 2276, February 1967.

z ~ - . . - B
ot . . -3 v

( For‘lB days, 27 th1rd—grade classes: (n = 584 puplls) were taught ‘ ~

: . "daddition and subtraction by (l) prosentation of the algorithm form

: 1mmed1ately, (29 developing the ideas using pictures ‘before presenting

T the algorlthm, 'or (3) developing the ideas using ‘child=manipulated
cardboard, disks before presenting the algorlthm " The claSaes using -

man1pulat1ve materials scored higher on experlmcnter—designed tests

- of understanding, transfer, “and computatlonal skill. : ™ C -

) .
o o - , . . N
; i » [ . . -

- Eudy, Elaine Holland. The Effectiveness of a Mathematical Device Called .

- ’ a Tryab on the Arlthmetlc Achievement of Primary Students. ~ (The L
Un1vers1ty of Mlss1s51pp1, 1973. ) D1ssertatlon ‘Abstracts Internatlonal '

34A:  1479- 1480 October 1973. *

- =
v

. Use—of the Trvab a pegboard~£flannelboard-chalkboard device, did not
result in higher arithmetic achievement for 32 first-grade pupils, who'
.~ were compared on a standardized test'with another group of 32 pupils
. ) not uslng “the Tryab. ‘ ;

o R . E L3 - 3
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- Farris, Dan C.

& [ mastery oﬁfthe consequent objectives. “yr . s T

PESR ] . . 3

Fedom John Peter.

’ t ’ .
‘Fennema, Elizabeth Hammer.

< - Farris, Dan Curry.w Toward a- Theory of Sequencing Study 1-2 An . . L
‘Exploration -of Selected Relationships Among -the Enactive, Iconic .
.and. Symbolic ‘Modés of Representation. (The ‘Pennsylvania State ’ ' D
N sUniversity, 1970.) Dissertation Abstracts International 3lA . , R
. 4618 March 1971 ‘ . T J R

"A‘ . N . 1 COERy
Study 1-2: An-Exploration of Selected Relationships. 8 L

Among the Enactive, Iconic, and Symbolic Modes of Representation. . A
.Journal for Research in Mathematics Education 4: 104 ~105; : -
‘&arch1973._ T T : : S
In a study with 24 fifth graders, mastery of antecedent objectives - Cute
varying in ‘terms ‘of which modes. (enactive, iconic, svmbolic) were ‘ SO
. . oused, apparently did not ‘induce mastery of -conséquent -objectives for ) B
wnich nod explicit instruction was provided. Order -of acquisition - , =

of antecedent objectives .did not, significantly affect the implicit ] T é

AY - - . g
-~ -~ - 'R
) . — . P " . . v ;

A Study of . the Cuisenaire~Gattegno Method as Opposed ) AR
. to an. ‘Eclectic Approach for Promoting ‘Growth; in- Operational Technique . e
and Concept Maturity with First Grade Children. ‘(Témple University, . L
1966.). Dissertation Abstracts 27A° 3771 3772 May 1967 .. T LT i

“In & study with ‘two--classes of first graders (n = 26 pupils), o
Cuisenaire .program was compared with an eclectic approach using such B
materials as Cuisenaire-like but non—colored rods,. centimeter rulers, -4
and strings- of ‘beads. It -was. concluded that' (1) the use{of color - L
inhibiteg the initial study of ‘rod relationships‘ (2) teaching of : ] Tk
,mathematical concepts was more effectively. developed. when the :
approach utilized a- multiplicity of -experiences with a maximum

émphasis on manipulation, ‘and (3) while no significant difference in
‘lean performance was found a trend favored the eclectic group.,

A Study of the, Relative Effectiveneéss of a
Meaningful Concrete and a Meaningful Symbolic Model in Leatning a © - . :
Selected Mathematical Principle. (University of Wisconsin,. 1969.) ’ . 3
- Dissertation Abstracts International 30A° 5338 5339; June 1970 ' :

»

The Relative Effectiveness of a Symbolic and a e

Fennema, Elizabeth'H.

ConcreteAModel in Learning a Selected Mathematical Principle. Jour= - ~ f
nal for Research in Mathematics Education 3: 233~ 238‘ Novembor 19720 ‘ E
o . S

'3 - ———

For 14 days, 95 second—grade pupils studied’ multiplication ideas’
,using either symbols only or Cuisenaire rod "trains". , No significant ‘ ,

differences were found on & recall test, on a concrete transfer test, . E

or on symbolic transfer test I, but the symbolic treatment resulted )

in significantly higher achievement‘on_symbolic transfer, test 1I. Tt

., A : ‘ - a - o~ ‘{‘ '3
Fennema, Elizabeth H. Models and Mathematics. Arithmetic Teacher 19: L L‘
635 640, December 1972, e ot L

~ " 1 ¢

128

o




H

>

~oef K-16
..J;e,

#

- L

research review, 1t was concluded ‘that research appears to
indicate that_the ratio of ‘concrete t& symbolic models used to
‘convey mathematIweal ideas should reflect the developmental level of
the learner. It 1s gested that alternative'models be available

so that the learner can ect the most meanlngful one- for him.
A“A

>

-

.
)
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-

Arithmetic . Teacher .

S

Elizabeth Man, pulatlves,in the~Qlassroom.
350 352 Way 1973,

‘Fenne@a3
20:

A

The use of manlpulatlve mater1als in the classrpom is discussed,

w1th reference to tesearch. f1nd1ngs and impllcation

- FO

"
-

»
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s

Finleyé Carmen Joycé. Arlthmetlc Achievement in Mentally Retand
_The Effecté of Presentlng the Problem. in lefcrent Contexts.
AUn1vers1ty, l962 ) Dlssertatlon Abstracts "23:

- &

\ ~

;Inwa study with 108 puplls in th1rd grade, test items presented w1th
coficrete materials tended to be more. d1fficult for: retarded puplls

than those e1ther pictorlally or symbollcally preseénted, but‘differences
were not significant. For normal children (n = 54), the pictorial — -

item was s1gn1f1cantly easier than e1ther the conérete, or-the symbollc ,

-item. 2 N
. , ° L e R <

]

A
The Effect of a Math Trading dame on- Achievement and
(chhlgan State: Un1vers1ty, 1975.)
3382; December 1975.

F1shell, Frank E.
Attltude in Fifth_ Grade Division.
Dlssertatlon Abstracts Internatlonal 36A°

=

Ude of a trading game on division for 15 days did not signiflcantly
441mprove achievement or att1tude for flfth graders {(n 8 classes)

1y
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Fitzgerald, William. -
ERIC: ED 003 348,

Self Selected %athematucs ‘Leaf rii ng Act1vit1es.

(l965)

>
"

. coN T
4 PR -

Brlght students in grades 7 and 8 did »nat learn as much in the self—
. selection classes as did those ‘in conven ional classes. Slower

students (below 115.IG) learned equally well in-both. classes.
¥ l

.

-
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Fitzgerald, William M. About Mathematics Laboratories.
) '(l972) . P PN i

FRY ‘ " ‘ :

IRIC: ED 056 895.

© we
.

.
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o . .

Research on mathematlcs laboratories is rev1ewed includ1ng research
on manipulative mater1als.‘ . -
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‘ Frary, Robert B. Formative Evaluation of the Individualized Mathematics oL
.00 System (IMS). ERIC: ED 059 096. (1971) o S

5 puon ve

e
T

- - ki

TH o o oeE
o

IMS, in which reusable workpages guide students individdally, "often .
O L .using manipulative materials";, was evaluated eavly in its development.

SEN- S : « From:the reports of two outside evaluators, teacher reactions, O -
:4 - coqrdinator comments, and extrapolated achievement test results, .
: : it was reported that IMS. is meeting most of its goals. *

- . . x N - A A
Y ‘- . - B . - . e

e L * B - ~ g
o "Freitag, Richard Alan. Case™ Studies of a‘Teaching Model. Teaching Through :?

\

|

; 7 |
: ) ’ \Games. (State University of New York at Buffalo, 1974 ) Dissertation . .
Vo Abstracrs Bnternational 35A: 98 July 1974 i ‘_ . o T w
l

|

';:r‘-\ ’ 7 W \ . ’ .- . ) «; 2
R S ‘ v
s Six,case studies using games weré conducted A functionﬂgame was =
: ~ used- with six fourth graders and a form of Bingo ‘was used with two:

£ . ] sixth—grade classes (n =63 puplls) Reactions and scores are dis— ~
. i' ¢ e cyssed in relation to 1ntervening variables and hypotheses. C

pa—
‘ . B - L v

Gau,, Gerald Elmer. Toward a Theory of Sequencing. Study’ 1~ éf An Explora—
© tion of the Effect of Imstructional Sequences Involving Enactive ands
Icon1c Embodiments on the Atta1nment .of Concepts Embodied. Symbolically
CThe PennSylvania State University, 1972 ) Dissertation Abstracts -
International“~33A.l_6728 June 1973, coo- M ”

LrY i

- ) ——e ) L - v

-
s

de

ne bas1c design‘ 8l students not given treatmenf§‘by-~si<‘§\_ ] S
}_ ) Beardslee, but from ‘the same fifth’ and sixth grades were involved T

one two, or three concrete embo

b

S . . = T
~'Genkins, Elaine Frances. A Comparison of Two Methods. of Teaching the Con-
. cept of Bilateral Symmetry to Young Children. (Eblumbia Univers1ty,
11971 ) -Dissertation Abstracts International 31A. 135 —1356 Sep-
tember 1971.

¢ » e P . - ¥

>t

T . In a study on bilateral- symmetry, 185 children from kindergarten and . LY

. ‘grade 2 were individually trained and tested. . The paper-folding ~. .

: *  méthod was more effective, than- the mirror method at the kindergartem - __ -
ST leyel; the mirror method was effective in teaching second graders to e e
b discriminate more types of figurés. . . s

: . N ‘ i ":-;. * * . K . b :" b “ ] i i - A, \
L " Gibb, E. Glenadine. Children's Thinking in the Process of Subtraction. ~ '
' Journal of Experimental Education 25: 71- 80 September 1956

L

The ways in ‘which 36 second—grade pupils. thought while performing

¢ © 7+ subtraction’was explored. It was found that performance was better . : .;ﬂ:
DT -on problems in & semi-concreté ‘context than in a concrete context, R
while the children achieved least well on problems in an abstract e et

. .o
s ‘ context.. . . . ., AT a . ‘ ¢

1.30'-",




Gilbert Robert Kennedy. A Comparison of Three Instructional Approaches . ’ ié
,Using ﬂanipulative Devices in Third Grade Iathematics. (University e

i of Miraesotd, 1974.) Dissertation. Abstracts International 35A: :
' 5j5189-5190 February 1975:° s e s

ST - .1ndiv1ﬁua11y for additiop and subtractidn with ‘two-digit numbers . | R
_ scored significantly higher than students watching the,teacher o
. manipulatc materlals or handline materjals in groups- of four or L ) et
i five children. In a second school, no sngnificant differences , P S
‘ were,found _ . : , o

4 L . ' .” : . A, ’ " , . ¢ - w -7 ) \'j
FA g - - S ; T
-Gipson, Joella.~ Use of the .Enviropment and Discovery in Teaching Decimals Tz

to Second ‘Grade Children. School Science-and dathematics . 71: ) uf

v - 731 741 November 1971. ~ ° . K A . »

. * 1 ”
-

d
%
A
4
;§< P ) In one school, third graders (n = 124) manipulating ‘materials ° . RN

N k4 - . ' - ~ y

F ‘: Z s Use of fam111ar situations and manipulative materials resulted. in a T

‘ ~.mean score of 14 75 on a 20~item test on decimals for the second~ L

A grade class: ?;pdﬁcﬂ T . -7

. / : . y o , . : .

3 . //‘ ‘ \f/ '«' . [ <, - . p

o . ’Gray» Theresa.Narie. A Field Study of Wathemafics Laboratory Development e
A .. in- Youngstown, Ohio.. (University of Plttsburgh 1973.) D1ssertation , K

i :Abstracts International 34B: 1184-1185; September 1973." ERIC: /

[N

- - . i

o - ED 085 267.

S ‘ Evaluation of an element.a;y--schoo1 laboratorv program. in three
S i . schools indicated that it "was contributing to the improvement of . )
¢ ! att1tudes and achievement of quite a few mathematically deficient ‘ e
e LT students" o ' . \

K &} . -"' ) “’(: ) ;)?‘ . . PR ‘ : N

. - : . ) ¢
oy Green, Geraldine Ann, - A Comparison of Two Approaches, Area and Findlng e
= ; » a Part of, and Two Instructional Materials, Diagrams and Manipulative -
a - ' Aids, on Mu1t1p11cat10n of 'Fractional "Numbers in Grade Five.

o i (Universi y of Michigan, 1969.) D1ssertat1o\\\bstracts Tnternational
i ;x//;g‘ ,‘ 31A: 67 -677;. August 19/0 , A S

»» - N Y

;)//"‘ ) "In a 12- -day study, 120 fifth graders wer4 taught multiplication with
fractions by one’ of two approaches, one based on the area of a rec-
- tangle and the other dependent on'finding the fractional part of a

-

- ..% region or set, ug,ing either: diagrams or cardboard strips. In general

. the area/diagram combination was most successful, the rractional—part/

. o, _,,cardboard-stripe combination was second, while the fractional—part/

s ) *diagram. comb1nation was. pooresd ) - ;

; V i . / . - - L

: * .Green,” Robert Wesley. A Survey of the Mathematical Tnstructional Materials N -Q
.. Used in Teaching Culturally Disadvantaged Children Grades 1 through "

~ - "6 Throughout thé United States.  (Indiana University, 1969.) Disser— <
?>\\ N . tatidn Abstracts Internatiomal 31A: 1101; September 1970, ol
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X‘Hﬁrap,‘Henry‘and Mapes, Chatiotte E. The Leurning of Fundamentals in an’

\
\
4

b} Harap, Henry. and Mapes, Charlot*e E. The Learning of Decimals in,a ‘n: *ni'

«Hankins Donald' David, Jr. A Fourth Grade MathematicsfProgram for Children

" -_ . providedidata on. the availability, purpose, and.extent of use of a o

o e . ¢ S D
Hall,yE Leona. Methods and Materials of a Mathematics Program for the:

4

-

§e
v

x Harap, Henr" and Barrett Ursala. Experimenting with Real’ Situations in

v

¢

&

v rulturally digadvantaged children than did teachers of the upper grades.

!
? . /
1

Questlonnaires and intérviews. with 232 elementary—school teachers

59 .Anstructional-materials. An,average of 38 per cent were furnished

by the schools, with most (43%) furnished to grade 1 and least (35%)

to’ grades 2 and 6. An’ average of 49% of the materials. wére used by
, teachers with 28% used frequently. Sixth-grade teachers used

materlals more for -demonstratjon, while:'in other” grades theyzwere

used most frequently for -student manipulation. Teachers in grades 1,

2,and 3 liSted more Mmaterialg and actiyities used' successFully with

- > i ’.

o » h .- e ;. 5 G

Disadvantaged and UnderachieV1ng Child, (Michigan State University,
1966.) Dissertation Abstracts 28A. 154 155; July 1967
I
- Teaching by a concept method u51ng models and aids in a five—week
' summer camp was more. effective for fifth graders. than for fourth,
graders” when achievement scores were’ considered while attitude changed
pos1t1vely for both groups. .

. »
B o M . 1
) .

b PR T - . ; o ‘

f .
from Impoverished Areas .and Its Effect upon Learning (United States

! International University, 1969 ) Dissertation Abst.acts International

/ 30A° 22495 December 1969 N oo

o i .

A program deslgned for fourth—grade disadvantaged pupils, stress1n°

. psuccess, concrete\to:ahstract development, simple language, reduced e
reading, and activity, resulted in S1gnif1canﬁ‘d1fferences from a
“control group in learnlng concepts and in overall achievement.

' . f

¢

,.Third—eraue—ﬁrlthmetic. Journal, of Educational Methods .16: ¥ o
“188-192; January 1937. : T :

) I
!

A third—grace clags (n = 43) taught through activity units attained
a mastery of 93% of- the steps set up as a poal for the grade. *~

* )
* ~ s
v _4 . - <

Arithmetic\\\tivity Program.' f£lementary School Journal 34: 215~ w

- 323, March 193¢\~\\\\\\ -

I, ‘ e |

In an activity program bastd onreal situations, fifth-grade pupils,
“(n"="37) mastered 84% of the processes on-a_test of deriominate numbers
and multiplication and lelSlOn with fractionst -~ __

T '
M . . . ~. :
e v .

Arithmetic Activity Program. Journal of Educational Research 29:

f-ﬁ

.~

686-693; May 1936. . . .
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“In a program of 13 units based on real situations iz corporating - " é

.fundamentals of decipals, sixth-grade pupils (n = 39) attained -y ,ﬁf

.masterv of 967 of the 27 basic processes. A contro& group'" of oot T
., 12 pupils matchéd with 12 pupils in the activity group: achieved ‘\ R

¥ - only: 67/ mastéry. | . e . ) ¥, “

ST s .. ST F - N
. _ s T . , ) Y ; . . .
’ Harding,tLowry W. and Bryant Inez P. An Experimental Com arison of = <

Jounnal of _Educational Research 37 321 33/' ‘Januar; 1944¢ oL :

v ) The fourth-grade class taught by functional experience achieved .
- slightly higher gain scores than the class taught by d ill J
'

l

. PR [ )
L s ¥y . . Y

- . : “.;1‘ - : . ‘\ ) ";}:.‘ :
- "Harshman, Hardwick Wilton. The Effects of Manipulative.Mate ials on © T
Arithhetic Achievement of First= Grade Pupils. (Universﬁty of:Michigan, .

“y 1962 ) Dissertation<Abstracts 23:  150; aulv l962 g . ’ o

’ .
2t . v -

Harshman, Hardwick W., Welis, Dav1d Q., and Payne, Joseph N Manjipulative '
L . Materials and Arithmetdc Achievement 1n Grade 1. Arithmetic Teacher
R o . 9: l88 192 April 1962.. ] . Sl ey

X : o RS coe e

. ) Twenty-hine fifst grade classes (n = 654 pupils) were taught by’
° ) (1) a commercial set of materials of“high comparative cost; (2) a
. set of inexpenS1ve manipulatiVe materials, or (3 teacher-selected"
v homemade manipulative materials. No signiflcant iifferences between
the three programs were found in mean scores -of classes on achieve—n
ment -or" attitude measures. Using individual scorea, .significant . :
differences favored the use of the teacher-selectéd, homemade materials’ -
' cn some subtests, .even though more content was cqvered in the other v -
v twd programs. : . ‘ ,‘ ‘ K

»

5

/F
- Harvin, Virginia Raines. Analysis of the Uses of Instructional Materials
* . by a Selected Group cf Teachers of Elementary School Mathematics.
(Indiana University, l964 ) Dissertation Abstracts LfS 4561;

-February l965

4

e
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. Questionnaires were used to secure informarion-from 51 elementary
1 " - schoolsg' Teachers in grade I indicated more use of manipulative
& . materdals. than pictorial or symbolic materials, which were used - -
.more by teachers in grades 2 through 6. Nevertheless, teachers at”’ )
o ® . all levels checked "student manipulation' as the™most frequent usé i
’ ‘of materials. , ) S o~ . [

~
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a Haynes, Jerry Oscar. . Cuisenaire Rods and the Teaching of Multiplication .
* - . to Third-Grade Children. (Florida State University, 1963.) Disser- } :

tation‘Abstracts 24:  4545; May 1964 ' - :

-

Five third~grade classes (n = 106) were included in this six-week

N nr ka e,

-3 comparison of the Cuisenaire program with the conventional program . )
Tl - for instruction on multiplication.. In general, the Cuisenaire program 7
£ - - was found to be mo more effective than conventional instruction. h

-
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-; - Henry, Kerm&t Maxson. The Effect of Games .on. Cognitive Abilities and on
) . Attitudes Toward’Mathematics (Oregon ‘State University, 1974.)
co T Dissertauion Abstracts International 34A¢ 4025 January l974

. r

No signif icant differences i achievement or attitude were. found
. . v -between groups of sevénth graders (n = 182) who used or did not’use S )
: \1 g . -the gamess"Equations" or "Tac-Tickle" L e .
.o , ¢ ) : . o ) = :

13 M - 2 . . -

Hicks, Enfield Thomas. The Relationships of Student Characteristics to ' -

Achievemeht*in a Junior High School Mathematics Laboratory (West

: :1; ~ Virginia UniVersity, 1974.) Dissertation Abstracts International ' .
P : .36A. 2077-20783 " October 1975. .*% '\ : :

. . R P <
x-:‘ . . '\‘ t’ 4 & ¥ K4

b Ng single factor could be used to identify those students in junior
; high school who achieved well in a manipulative .approach to mathe~-
. ‘matics; ‘the best model:provided for optimal placement of only 72%
e w . Of the students. » = s C.
“'v. S . . ‘ ‘ . '_l o B Y e - '
Higgins, Jon L. The Mathematics Through Science Study: Attituide Changés ) N
- in_a Mathematics Laboratory. School Mathematics S*udy Group R ort
. . -Number 8:; ERIC: ED 064 174. (1969). B o I

-
LI

¢ . Higgins, Jon L. Attitude Changes in a Mathematics Laboratory Utilizing
o - a Mathematiés-Through-Science Approach. Journal for Research in .
*Mathematics Education 1: 43 56 ,.January 1970. . ’ -

‘Sign*ficant diffecences were found: on six attitude scales after

eighth-grade instruction in a laboratory setting. When data were
. - analyzed in terms of naturally occuring attitude groups, however, .

no significant relationship to achievement was. found. ] s

. s .
5 -
- F « . . . RN
* -
‘

T

- Hirschbuhl John Joseph. Toward a Theory of Sequencing. Study 1-5:
‘An Exploration of Selected Transitivity and Conjunctive Relationships

i . Among the Enactive, Iconic and Symbolic Modes of Representation R
(The Pennsylvania State University, 1971.) Dissertation Abstracts . *
. International 32A.~ 6202; May 1972. _
- . - -l = a

LR \ With 42 fourth graders, transfer to related but untaught objectives

: was not found to occur for six of eight clusters of objectives, -
varying in terms of which modes (enactive, iconic, symbolic) were
raught .

e

?

» Hollis, Loye Yvorne. A Study to Compare the Effects of Teaching First

, o Grade Mathematics by. the Cuisenaire-Gattegno Method with tke Tradi- .

: . _ tional Method.  (Texas Technical College, 1964.) Dissertation o
Abstracts 26: 905-906; August 1965. . :
In d six-month study with 12 classes in grade 1, the Cuisenaire pro-
‘gram was compared with the traditional program. Pupils in the

» ~ 3.

s}

1.
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n.ur1 , :
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- Houtz, John Charles.

.
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Cuisenaire program learned as much traditicnal subject matter as
_pupils having tHe traditional program’ they albﬂ acquired additional
uconcepts and ski- N

- 2 .
e . K . .
£ v . »
B of 8 L

i ; .
Hollis, Loye Y. A Study to Compare the Effect -of Teaching First and
Second- urade'Mathematics by the Cuisenaire-Gattegno Me.hod with a

Traditional Method. Sclicol Science and Wathematics 65: 683-687;
“Vovember 19553" R < IR ) A “a
PO SP A ] \ PR , /
.. ‘With first/and second \wdes (n=9 classes), ‘the Cuisendire method |

- taught traditional subj‘ct matter -as well as did the traditional
method; whilh those taug t by -the Cuisenaire method also acquired.
»additional concepts and ?}ills. - 4

+ I ’. T
Lollis ‘Loyer A -Study- .of the Efféct of Mathematics Laboratories. on
‘the- Mathematical ‘Achievement. and Attitude of Elementary. School ’
Students. TFinal Report.' ERIC: ED 066 315. (1972). - . )

/ Tt e \. . \.
No significant difference was found between scores’ of pupils in
grades 4, 5, and 6 using or not using laboratories for”36 weeks.
but differences between schools weré noted. ' o
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Comments on the Fffegt of Activ1ty~0riented Instruction. )
183- ~185; Ma/ l972

Holz Alan W.
.Journal for Research in Mathematics Education 3:

This. critique ‘of Moody, Abell and Bausell (1971) raises questions
. about the validity of that study for testing either any established
ttheory or activity-oriented instruction. ,

L]

N

<

Learning E$sentials in an Activity Curriculum.

Hopkins, L. Thomas.,.
298-303 June 1933.

© Journal of Fxperimental Education l.f

2 -Children in grades 2 through 8 (n = 2,434) taught in an expefience’

currdculum achieved scores comparable to the norms established for

those taught in a traditional curriculum. o .

' : L e :
Problem—Solving Ability of Advantaged and Disadvan—

‘taged Elementary.'School Children with Concrete\and Abstract Ttem

Representations. (Purdue Unlversity, 1973.) Dissertation Abstracts

-International 34A. ’

5717; March 1974, E :

- -

{Models, slides, and picture—book forms of problem items resulted in.
‘higher performance than the abstract form for 1,203. pUpils in graues
2 and 4. .

-

.

_Howard, Vivian Gordon. ,Teaéhing Mathematics to the Culturally Deprived

" and Academically Retarded Rural Child. (University of Virginia,
1969.) Dissertation Abstracts International 31A: 294-295; July
1970. ? ' .
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= Mathematics laboratory eXperiences, pf/nned to. facilitate learning :
, avhierarchy of needed concepts; we: -3 successful resuiting in both
achievement -and attitude gains tor the 12 « lementary pupils involved
. N ,{' . . )

-

A

, Bub ard, W. Donald and.Buchancn, Anne -E, Developing Mathematical Processes.
- , 1972-73 Field Test Report. Technical Report’ No. 324, ' Madison:

. ,b Wisconsin Research .and Development Center for €ognitive Learning,

T 1975* ‘ERIC: ED 113 203. X!

- »

This field test of DMP was conducted with second graders in‘eight
S . schools, A. mastery level of 81 percent was found,. but data on.
standardized achievement tests did not conclusively favor either !

L . DMP ‘or convenbional programs. . v
o .(' ;' .? .: ) e '(: Yo : *"' N g , . o . ' - ji‘y.
-t Hulten, Brema H. Games and Teams: . An Effective Lombination in the Classz -
e L ‘room. ERIC; ED 090 927. (1974) i .o
Coe ’ ) O .

L . _Eight classes (n = 240 pupils) in grade §~played a modified game o
o # _ of "Iuf" using individual or team competition,,with individual or .
TN team pracﬁice. Those having ‘team competition showed significantly

) N greater improvement on i standardized achievement test. , .o

. . » - « ¢
. - > . -

B
Jamison, King Wells, Jr. The Pffectiveness of a Variable Base ‘Abacus.

. ‘ R T
'i ‘.'-» -~

PR for Teaching Counting {» Numeration Systems Other Than- Base Ten: o
AL (Georga Peabody College for; Teachers, 1962 ) Dissertation Absuracts )
pe YW 230 38163 Apr"l 1963 ‘ . R CoL T
é' - - : ‘11 "'l . . o o 5-::# ’ v “ L '. . . .j"
S0 Jamison, King W. An Experiment with a Variable Base Abacus. Arithmetic.,.ﬁ-
3 C Teacher ll. 81 84; February 1964 . < . RS

A variable-base abacus was- used for five days in ope seventh—grade
! class by the pupils, and for" demonstration«by the teacher in .another
class, while ,a third class used only the chalkbodrd. On experimenter-
developed tests, no signifiﬂant differences were Lpuna between groups.{,

..f' a4 "o =
» - . PN BB . s
: - ® y
L, -Jencks, Stanley Morris. The Construction. and Validation of Geoboard )
L ° Investigations, a.-Programmed Approach to Laboratory Matexials in :
o . -, Elementary Mathematics. (UniverS1ty of Uta h l968 ) Dissertation
E e AAbstracts 2983 29753 Febrlary 1969.- - - S, o
,u‘:
2" A text on geoboard investigations was written'by the researcher ‘and
VA " e validated with fifth—grade studenrs. . ~. - o
.- o . e 4 . o + ) ’

* Jersild, A.T. and others. , An Evaluation\of Aspects of the Activity Program
in New York City EIementary Schools. Journal of Experimental Education

8: 166-207; Ded ember l939. . w0 ] ‘ AR
e - Students in grades 4 through 6 ina non—activitj program maintained ,
! , a substantialaadvantage over, those in the activity program. . ) <

- . . . . . s
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Johnson Randall Erland. sThe Effect of Act1v1ty 0r1ented Leosons on the -
_ Acnievement’and Attitudes of Seventh Grade Students in Mathematics.
‘<tﬂ{UﬁiVetsity of Minnesota, 1970.) Dissertation Abstracts International

3243~ 305; .July 197l -

-

.

tActiV1ty—or1ented 1nstruction did not appear ‘to be mofe effective
fot :seventh: graders (n = 160 students) than instruction with little

¥ -

3 . v
rﬁf -

.0r no émphasis on activities for units in number theory, geqmetry,

e -
- . - .’ e

- . o LR 4

Lo measurement and’ rational numbers.

«

%

L3

b

Johnson,'Robert Leo. Effects of Vary1ng Concrete Activ1t1es oni- Achievement
of Objectives in Perimeter Area, and Volume by Students of Grades

< Four,, Five, and. Six. (UniverS1ty of Colorado, 1970.) D1sserLat1vn
Abstracts International 3lA. 4624 darch l97l )

-y = M a
7 ~ i r

For four weeks, 96 pupils 1n grades 4, 5 and 6 were ‘taught concepts .

‘f?
- w"
i

od perimeter, area; and volume using: ’l) a semi-programmed text

) plus ‘two. sets Lof phy51cal models and: 1nstruments, 2)
.., ‘but no models, or (3) only the text with drawings and. illustrations
u.‘i-deleted Significant differences (p’( .01) favored the group using
- - 'theAphys1cal materials-on—both 1mmed1ate learning ‘and: retentlon‘tests

~ Jones, Graham Alfred. The/PerEormances of First,.

.

Children on Five Corcepts of Probability and the Effects of Grade,
P +Q. and Embodiments on’ theig'Performances. (Indiana University,—
" 1974.) Dissertation Abstracts International 35A: 4272 4273;

‘January 1975. /

o /

~

~~Most pupils (n'= 162) in the primary grades had begun to acquire
some concepts of probability, tested with three types of man1pulat1ve

- materials. Use of varied settings appeared necessary.

=

y o= - N .
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-

Jones, Rowen Cox. A Diagnostic—Manipulative Instructional Program for
1each1ng Addition and Subtract*on to Six Emotionally Disturbed .

Children' A Case~Study Approach.

(University of Oregon, 1971. )

Dissertation Abstracts - -International 32A: 5071; iargh 1972.

I8 . >
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‘Second. and Third Grade' < -

5

Jones Rowen C. and others. A Diagnostic and Activity Based Arithmetic -

Program for Emotionally Disturbed Children. ERIC: ED 057 547,

. (1971) ek

In a 38-day study with six emotionally disturbed children aged 7 to
11, physical models,!manipulative aids, games, and other materials

1mproved

.

were used by teachers and pupils.

Achievement and attitudes both

Y

‘kaiser Virginia Ruth Stone. An hxploraLory Study. of Selected Spoken
and Unspoken Behaviors in an Inner-City Mathemati:s Laboratorv for
Underachieving Students. (The Ohio State University, 1974.) Dis-

'sertation Abstracts Internatidnal 35A: "2652+2653; November 1974.°
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JUsing .an observation system, 125 mathematics laboratory lessons were
iobserved. More. than 65% -6f time in the junior high school laboratory

. was spent,in.individual student substantive behaviors and téacher .

- . nteractive substantive behaviors. As students reached higher levels
. of cognitive performance, teacher beﬁ&%iﬁrs seemed -to be more indirect{

: B3 Kapperman, Gaylen -Gerd. A Comparison of Three Methods of Arithmetic
~Computation by the Blind. (University of Northern. olorado, 1974.)

I Dissertation Abstracts International 35A. 2810-2811 November 1974._

-

'7After five weeks of instruction with 16 blind students from grades
. . 5 through 12, ‘'use of the Cranmér Abacus did not appear as effective .
- -7 .as-use of the Braillewriter'and ‘mental computation, which- had been

AL Eused for years.. - . . -
c T e . . . . B
;*-L;f ;i Karlin, Marvin William.~ The. Development -and, Utilization of a Card Game .
ST for—Teaching Prime Factorization in the~Fifth Grade.. (UniverSity
- ) 6f colorado 1971.) Dissertation Abstracts International 33A: 80; B
A i - July 1972 : e - ~— ¥ ] ‘
-~ ;5.'.-' .:"A" - - ’:;

] 'Use of‘a qard game with fifth graders in two - 'schools was. as effec—
o T tive ‘ag a, textbook~orientéd approach in fostering recognition of
s - = . - _the Fundamental Thedrem of'Arithmetic. N . 2

Te - 2

N . _,y’ =7 . - : ST
%?Rellerhouse*~Kenneth'Douglas, Jr. The Effects of Two Variables on the .
- Problem Solving Abilities of First Grade and Second Grade Children.

) (Indiana University, 1974, ) Dissertation Abstracts International
o 35A: 5781; March- 1975. - g

.'.. . - a

~- -

For first graders, problems with sets With three different names
-were more.difficult than problems with sets haVing the-same name..
‘For second graders, use of a visual aid affected difficulty level.

~ - <
"

) -
& <
& . e . £

ol

. Kerr, Joseph Jackson, Jr. British and AmFrican Arithmetic Devices for .
I ‘the. Blind -- An Analytical Description. _(Temple University, 1974.)
Dissertation Abstracts International 35A: 3553; December 1974.

. . % A\
5 Devices‘nsed by the blind from 1700 to the present were evaluated.

K Kiefen, Thomas E. Activity Learning. Review of Educational Research 39:
;SOQ:SZZ' October 1969, ’

>
.- Studies on discovery learning 'and teaching in mathematics and on
manipulative learning in mathematics are discussed, with a critique
.and recommendations .«
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ST Kieren, Thomas E Manipulative ActiVity in Mathematics Learning Journal &%
a0 ., - for Research in_ Mathematics Education 2: 228 2343 May 1971. . ;
- o In this research review, the place of manipulative activity in the ¥
s - .instructional. sequence and its value in promoting 1earning are LI
G -digcussed. ;
w0 o “ ; " :
Toei T e / ' o : Lo )

%T. A ‘Knaupp,. Jonathan Elmer. A Study of Achievement and Attitude of Second

LT =, Grade Students Using Two Modes of Instruction and_Two Manipulative

i g i%odels for thé Numeration System. (UnivérSitv of Illinois; atéﬂghana- .

T . . Champaign, "1970.) Dissertation Abstracts International 31A: 6471"
B June -1271. P ] . . . )

4 ey hd =
4

Knaupp,Jonathan. A Study of Achievement and ttitude pf Second Grade.
. Students Using Two Modes of Instruction and Two Manipulative Models
”'for ‘the Numefation System. Illinois School Research 8: 27-33;
Winter 1972, e T -
e "% For second graders in four classes, both teacher-demonsfration and r
3 o _student-actiVity ‘modes Wlth ‘either Dienes blocks‘or sticks resultéd .
- .in Significant gains in achievement, but jthere were no s1gnificant
] ‘differences between the'two in either achievémént or: attitude. }

H

- ‘Koch, Richard R. MICA, .1972-73. -Outcome Evaludtion Report. ERIC:
- D 092 381 (1973) - . ] '

«7‘!!

=Y - —

= ) Manipulative materials were used in conJ;nction with small groug
) instruction, listening stations, and other procedures. No~ signifi=
cant differences in -achievement or attitude were found. :

. e . . ‘
, - /9

s N W

) Krairojananan, Sompop The Mathematical Behaviors Derivable from the
STt Program of Unified Science and Mathematics. for Elementary Schools.

- . (Michigan Stdte- UniverSity, 1973. ) Dissertation Abstraets Inter-

] : national ' 34A: 5746; March 1974. . 7
c T -It was felt that the four USMES units studied for nine weeks by the
s P elementary-school pupils were effective. :
ol ' '
R Kratzer, Richard Oren. . A Comparison of Initially Teaching DiViSion Employ-

- . ing the Distributive and Greenwood Algorithm with the Aid of a
o - - Manipulative ] “aterial (New York University, 1971.) Dissertation
S Abstracts International =32A: 5672; April 1972.

- Kratzer, Richard 0. and Willoughby, Stephen S. A Qomparison of Initially
- Teaching Division Employing the Distributive and Greenwood Algorithms
- ,  with the Aid of a Manipulative Material. Journal.for Research in
’ ’ ‘Mathematics Education. 4: 197-204; November 1973.
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gL - Six classes of fourth graders ‘were taught the d1str1but1ve algorlthm i L
: ’ " for division while six classes were. taught the success1ve .subtractions .
i? N (Greenwood) algorlthm, both as a method of keeplng records of mani- L
' Pulating bundies of sticks. . No S1gnig1cant difference was found , oL
s TR " ‘between the-.two algorlthms on achievement of famlllar problems onm SE
S O, 1mmed1ate or retention tests. For unfamlllar problems, the distribu- Tk
L . Jtive group _had bettér understanding of, tne.process.v ) T T

.
ey
S

. ) -+ - L
3 ; R . -

o, ’ YT ) I , .
as — Kuhfittig, Peter Kurt Friedrich. The Effectlveness of D1scovery Learnlng L s
A in Relation to Concrete and Abstract Teaching Methqu in Mathematics.-
. '(George Peabody College for Teachers, 1972.) D1ssertat10n Abstracts Lo

S Jnternatlonal 33A' 1323; 0ctober 1972 L. i . o -
' ~Kph§§%tig,.Peter K. F. The Relatlve hffectlveness -of Concrete\kidi‘vn
8 Discovery Learning. School SC1ence and Mathematlcs 74 104 108' i -
* . Rebruary 1974.. T LT _, o

P ‘_ ’ \\ =
L . ‘Ah 4 two=day stady with 40 seventh graders -on currency converS1on, . &t
L low-ability students benefited more from’ usingcorcrete aids and | : K
o . . from intermedjate gu1dance than did h1gh—ab111ty students. Use of - T
: . corcrete aids with intermediate guldance appeared preferable to L
£ - s useeof a1ds w1th maximal guidance. . _ p . ,77?

o

LeBlanc, John Franc1s.“ The Performances of Flrst Grade Chlldren in Four . | .

Levels of Conservation.of Numerousness “amd Three I. Q Groups When. -
S ) bolV1ng Arithmetic Subtraction: Problems. (University of Wisconsin,
- .. -1968.) D1ssertat10n Abstracts 29A:  67; July 1968.

[ . _\ - _'. & Al . A

The performances of 338 flrst-grade children in, solving problems

1nvolV1ng subtraction s1tuat10ns were analyzed. Préblems with no > -

aids and no transformatlon were significantly more difficult than . -
- all other problem t¥pes; problems with aids (eithet physical or .
Lo ' p1ctor1al) and a transformatlon were significantly easier. Children RV
: : with 16w leévels of conservation and those w1th low IQs were more - ] A
dependent on aids and transformations:. )

< ~ . » -
~
Y 1 ~

~ 1Y

Lerch, Harold H. 'An-Activities and Materials ﬁased, Non-TextMathematics )
Progrim for Kindergarten. «‘"ERIC: ED 063 973.. (1972) . ) -

: ‘ Activities and uge-of manlpulatlve materlals were stressed in this
(. . number program for kindergarten pupils. The experimental group had..

significantly better (p < .05) matching skills and greater number
knowledge and skills. .

PR NS IR

F PO T

Lesh, Richard (editor) Cognitlve Psychology and the Mathematics Laboratory.

Columbus: ERIC Information Analysis Center for Science, Mathematics,

and' Environmental Education, l974. ERIC: ED 108 893. ’ ) )
! . -

In this collection of papers from a symposlum, research on mathematics

1aborator1es is discussed in re]atlon to psychological theories.
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Lewis, Marian. Teaching Arithmetic Computation Skills. Education of the '~

Visually Handicapped 2% 66 725 October 1°70 ST L \\\\\
) A survey of computational aids used in’ classés for the visually
handicapped is reported. . o o gé
_.. . ~o it = { , :

Lucas, James Stanley. .The Effect of Attribute-Block Training on Ghildren s
Development of Arithmetic Concepts. (University of Califormia at
Berkeley, l966 ) Dissertation Abstracts 27A: 2400 2401 February
T+ 1967, ' . . . -

- ~

{

. B e T el Voo

Attribute—block training was compared with the Greater Cleveland Mathe-
matics Program in' eight first—grade classes. Attribute=block, users.
“wetre better able to conceptualize addition and .subtraction, were not
"as,good in _computation, were no better on verbal problems, and were
cslightly better in multiplication. S N

B . ) -
o< < . PR i v
Lucow, Wil&iam H.. Testing the Cuisenaire Method. . Arithmetic,Teacher 10:

435-438; November l963 T . .

.. . .- \ -

-
=

Lucow, William H. An Expériment with the’ Cuisenaire Method in Grade Three.' e

American Educational Research Journal 1i: 159 l67 ‘May- 1964. o
‘;*» o"ﬂ-. T )

In a Six—week study with 12 classes of third graders, the Cuisenaire

method resulted in, Significantly higher achievement than the .

traditional,method in teaching multiplicatiqn and division; however,

these differences could be attributed. to the previous eXperience ¥

given the Cuisenaire group. Both methods produced significant gains.

s

/ . . ’ S : i

~ Macy, Murray. The Effectiveness of Representative Materials and Additional
" "EXperience Situations in the Learning and Teaching of Fourth Grade
Mathematics. . (New York UniverSity, 1956.) Dissertation Abstracts

-17:  533=534; March 1957. - .

Pupils from one fourth-grade class (n = 25) were matched with those
from another fourth-grade class, with each group alternating use
and non—use of manipulative materials.and an "enriched experience
program" for two-week periods. No Significant difference (p < .05)
# in achievement yas found between the groups either during or following
the treatment period. o
P :

"Matthews, Larry Allén. An Evaluaqibn of the Effect of Using Supplementary
ActiVity—Oriented Materials on Student Achievement of Mathematical
Competencies for Enlightened Citizens. (The University of Nebraska-

. Lincoln, 1974.) Dissertation Abstracts International 35A:  2543-
2544; November 1974.. ,

Forty—two classes in grades 7 through 9 used NCIM activity—oriented -
materials for low achievers. After pretesting, teachers of
experimental groups were sent information on the competency areas in
which each §tudent was deficient, plus lists of activity-oriented

141
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McLeod Gordon Keith An Experiment in the Teaching of Selected Concepts

“

-

‘e

' The effectiveness of pre- and post- laboratory experiences on,achieve-

o, ‘ A=29

> . , I
~ 3 - - AN D

‘materials to help studerits achieve thesé competencies. While . - e

\significant increases in achievement were found for  some subgroups,
in none of the 48 competency areas was, there a significant difference
.in achievement between experimental and controi groups.

s

LY

Q oon g e

McClure, Clair Wylie. Effectiveness of Mathematics Laboratories for

Eighth ‘Graders. (Ohio State Unive*sity, 1971.) Dissertation Abstracts
International 32B: 40783 January 1972, °©

ment differed for 146 eighth graders in six classes in two schools.

Generally,. student attitude was favorable toward the lessons on1frac— -

"tions, geometry, and ratio and proportion. ‘ s :

- McG1nty, Robert LeRoy.‘ The Effects of Four Methods of Instruction upon the

&

P

I3

Ability of Second and” Thlrd Grade Students to Derive Valid Logical .
“Conclusions from Verbally Expressed vaotheses. (Michigan State
University, 1972.) Dissertation Abstracts International 33A: 46863
_March 1973. . o

b

' Puplls in, grades 2 and 3 given instruction on attribute blocks, : -

pictorial logic, or set theory scored higher on logic and classifi-

~¢ation tests, than pupils not having logict instruction. T

[

’ ' . o~

v

-McLaughli \y Lynn Mary James. Age and Observational Learning of a Multiple

‘Classification‘ Task,  (St. Louisg University, 1972 ) Dissertation
Abstracts International 33B: 1271; September 1972,

Pupils in grades 2 and 4 were able to reproduce"behavior on a block :

. ~task which they had seen demonstrated only sixth graders could

transfer the information to a different but structurally similar
task. Watching a model demonstrate was more effective than practicing

“ by tr1al—and—error.l -

S
2
-

of Probability to Elementary School Children, (Stanford\University,
19713) ﬂ&ssartatdon Abstracts International 32A' 1539; September.

’ 197l

Most pupils in grades 2 and 4 {n = 550) were able to apply the concepts
on -the likely—to—unlikely probability continuum before instruction

for seven to-ten days.. No clear treatment effect was found for groups

having laboratory participation, teacher demonstration, or no iustruc-

tion.

,McMillian, Joe Adair Learning a Mathematical Concept With and Without a .

Physical Model as Predicted by Selected Mental. Factors. (University
of Houston, 1972.) Dissertation Abstracts International 33A: 4182;
February 1973.

\
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hf.~ ' Q‘Milier, Jack W. An Experimental Compa

LA

. 143 -

No éigniﬁicant,differenqés in lea?ging, retention, or trahsfer;we;e
found for seventli-grade students who used individual materials for
a unit on non-decimal numeration?with or without a physical medel.

- -

4 & - -
1 . .

fison of Two Approaches to Teaching
Multiplication of Fractionms. Journal of Educational Research 57:
468-4715 May-June 1964. s . ‘\ o '

. . -

T

. For four classes of sixth gradeés*(n = 114 gpudénts), use 'of intten )

lesson- plans plus automated practice machine§,was siperior to use of .

the textbook with concrgte,matériais. ) ! -

o . X . : % . ‘ AR
\

2B -

ﬁoody;~ﬁillia$:B.; Abell, Roberta; gnd“ﬁauseli, ﬁl‘Barker. .The Effect of

Activity-Orientéﬁ Instruction upon briginél ﬁgarning,‘Transfer; and
Retentiong Journal “for Research in Mathematics Education 2z. 207-
212; May.1971. .o J o
2N . 7

N
Qo . . - T
i

]

~ ~ .

For’third graders, no advantages for activity-oriented instruction.

were observéed on learning, transfer, or retention when compared to,

fote procedures. [This stud;. was critiqued by Holz,”1972.] s
N

\\

B ﬁotg, Edward Ré&mond, An Experimental Study Te§Ging the Value of Using .

Multi-Sensory Experiences in the Teaching of Measurement Units on tha
Fifth ‘and Sixth Grade Level. (The Pennsylvania State\Universit?, ;
1959,) Dissertation Abstracts 20: 1678-1679; November 1959.

»

Multi-sensory aids were used "at -every opportunity" to teach méasure-

ment to 70 pupils' in.grades 5 and 9, while the control group (n = 157) =’

"sroceeded as usual'. No significant differences.in attitude or
achievement were found.

Muckey, Roy William. Using Decimal and Non-Decimal Numeration Systems to

Effect Change in the Ability of Beginning Second Grade Students to
Add and Spbtract‘inxDifferent Bases. (University of Minnesota, 1971.)
Dissertation Abstracts International_  32B: ‘3510; December 1971.

- .

No significant differences were found between groups of second graders
(n. = 251) studying base ten only, non-ten bases, or many bases

including base ten, in ability tp add base ten numbers. The use of -
Dienes or non-Dienes materials made no difference at the high SES

level; only. slightly improved scores favored the use of non-Dienes
materials at the middle SES level. [The low SES level was not studied. ]

Nasca, Donald. Comparétive Merits of a Manipulative Approach to Second-

Grade Arithmetic. Arithmetic Teacher 13: 221-226; March 1966.

In two second-grade classes; Cuisenaire and traditionally taught

k¥ . . . . N
groups were compared. The Cuisenaire group achieved significantly
better on a test based on the more extensive content of the Cuisenaire

g
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d o program, while there were no significanE differences between the

- -

Nichcls, Edith June,

tiplication
California,
“x324. 60113

\ Ten classes

two groups on a tesf of. traditional content.

[

-

A Comparison of Two Methods of Instruction in Mul-
and Division for Third—Grade Pupils. (University of s
Los Angeles, 1971.) Dissertation Abstracts International

May 1972.. . . . ; .

I
of third graders (n = 267) were randomly assigned to be °

taught multiplication and division combinations for 15 days by (1)
f‘manipulative materials with a guided discovery approach or (2) .ab-
,stract/and semi-concrete materials with teacher: explanation and
. ‘exposition. Significant differences, on achiévement and-. attitude

74

» / .meéasures favored groups taught by pupil discovery with manipulative

2

= Nicodemus, Robert B.

. materials. . - .

Nickel Anton Peter. A Multi-Experience Approach ‘to Conceptualization
: for the Purpose of Improvement. of Verbal Problem Solving in Arith=
imétic~ (University of Oregon, 1971, ) Dissertation Abstracts Inter-
national 324 2917~ 2918'~December l97l o L

kR T"
o

Ninety students were drawn from fourth*grade classes for six weeks
of instruction on verbal problem solving using (l) concrete materials
and pictures; (2) only words, written and oral, or (3)~an unspecified
control treatment. The- approach using materials and pictures was
more effective than the-verbal approach. Diffcrences betweén these

. groups and the control group were ‘not significant (p = .10); it ”
appeared from analysis.of logs that the,control group tedchers spent
a disproportionate amount of time on problem solving, expecially
using materials and pictures. N6 significant differences between
any .groups were found on the retention test. .o -t

-

2%

Order of Complexity in Attribute Blocks.

School,
70:'go49-654; October 1970.

. Science and Mathematics o

In an in—depth exploration with 46 pupils in grade 5, it was. con-
cluded that performance of .complex behaviors was facilitated by
T experience with simple subordinate behaviors with attribute blocks.

Three Methods of Teaching Basic Division Facts.
15:

Noriaii, Martha.
University of Iowa, 1955.) Dissertation Abstracts
November 1955. - < .

(State

.iIn.a study with 24 third-grade classes, a developmental method using
?such aids as the number line, counters, drawings,- and number charts
plus generalization procedures was compared with a textbook method
and a conventional method in whick story settings-and problems were
used to introduce division facts. No significant differences were

£

found' on an experimenter-developed test given immediately after
instruction; the developmental method was superior on a delayed. recall
"‘test of untaught facts. - B . ~
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)('Passehl ‘Genrge. Teaching Arithmetic Through Activity qnits. Peabody

IOlley, Peter éeorge. The Relative Efficacy of Four Ekoerimen al Protocols

)
:r

Paris, John August. The Relation of a Personality Trait and Game Conditions

Passy, Robert Alpert. How Do Cuisenaire Materials in a Modified Elementary

Passy; Robert A. The Effect of Cuisenaire Materials on Reasoning and

1}‘

, Nowak, Betty Adams.\ A Study to Compare the. Effects of Ma emat?cs Labo-

~“ in the Use of Model Devices to Teach Selected Mathematioal Constructs. ' N N

Ty
.

_ratory Experiencés\of Intermediate-Grade Students on Achievement and -
Attitudes. (Brigham Young University, 1972.) Dissertation\Abstraets
International 33A' 2697; December l972”

Pupils in grades 5 and 6 did better in a laboratory progrdm than_ in
a non—laboratory program, while fourth graders did better|in’ a‘con-

,ventiqnal program. An individualized. ‘laboratory program was more
effective than an individualized non=laboratory program.

~ -
'Y
-

.
¢

|

(Washington State UniverS1ty, 1973.) Dissertation Abstracts Inter— o
national 34A' -4993; February l974 - [~ T ‘ qi“'

s -‘/

Four teachers in. grade 3 each taught four groups, of raqdomlv @ssigned

students five lessons on operations on a finite field (even/odd,. | G

zero, one); four teachers in grade 7 s1milarly used fiye lessons on

. a permutation group. For transfe¥, use of -concrete-to-abstract .
-Sequences were preferable to pictorial—abstract or athract sequences..

Np significant differences were faund,on a ‘retention ﬁest. . .

v

‘e
¢

, . .
; ¥ W

to Participant Learning (Syracuse University, 1970 ) Dissertation
Abstracts International 32A:  102; July 1971. ] .

Fifth-grade students (n = 302) scored higher on anzgchievement test . !
after playing "Equations" in a cooperative rather than 2 competitive ’
situation. . ! . ’ S

P . ¢ . i
- I
|

. Journal of Education 27: 148-152; November l940 |
b
For 30 sixth graders in one class, use of activity'units resulted in
. mastery of 79% of the arithmetical steps in learnipg to perform ' ) )
-operations with ‘common and decimal fractions. i . ' -

- e , f A
N H

Mathematics Program Affect the Mathematical Reasoning and Computational'
Skill of Third-Grade Children? (New York University, 1963i)' Disser-
- tation Abstracts 24: 1506-1507; October 1963. ”

s
=

Computation. Arithmetic Teacher 10: 439-440; November 1963.

Third- -grade classG% using Cuisenaire matcrials aclijeved sign1f3 caatly
less on tests.of reasor.ing and computation than classes not using
Cuisenaire materials (n = 1800).

.

.
r
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Passy, Robert A.; Socio-Economic Statbs and“Mathematics Achievement, . .
";‘_: Arithmetic Teacher 11: 469- 470 November l964 : ® -

fn a study with third graders 9sing either textbooks or the Cuisenaire
progran, significant differences were found among the various, levels

" C .

L ', of socioeconomic status regardﬁess of Wwh.ch program was used. Mean T

i - ) . —scores increased with increasing level of education and skill of . - =

_— ‘parent. \ ' / = e . - '
.- S .o . C MRS St

¢ e o & / . oo, C s -

IAN *  Plummer, Sister Mary Jean. The Effect of PreJchool Experience on Spatia -

:- - Perception. (Unive sity-of . Cincinnati, 1971 3 Dissertation Abstracts,
: N International 32A' q493~4494 ‘February 1972

/ s , N w0
54

"

and non—Montessori pupi%s dn grade i (n = 109)

.o | = . ' i
= : - dooT T e

Polz, Sistetr Albina. Evaluation of the Effectiveness of Activ1ty Mathematics

for Primany\Mathematics Learnin Disabled Students. Unpublished’ i
‘master's thes1s, Un1versity\of Askatchewan, 1975 - - S0

In‘a study with 48 mathematic 1earning disabled studeénts, the
~ relative merits of actiV1ty an "Eraditional mathematics programs ]
.for a 20-hour unit on number and numeration were examined. No sig- S
.nificant differences between groups wereyfound“ i
. I \ ) .
= . [;' ' \\\ » '
! Portis; Theodore Roosevelt: An Analysis of the Performances of~Fourth,
. Fifth and Sixth Grade! Students on Problems Involving Proportions,
Ry . Three Levels of Aids and Three I.Q. Levels. (Tndiana University,
;¥ 1972.) Dissertation/Abstracts International 33A: 5981-5982;
T ’ May 1973. . / ' . ,

i

. From grades 4, 5, and 6, 138 pupils were given tests accompanied by
physéical, pictorial, or symbolic aids. Mean performance when
physical and pictorial aids were used was'significantly higher than
“then oaly symbolic) aids were available.

b v
¥ 4

o /

Y Prigge, Glenn Russell The Effects of Three Instructional Settings on
L tiey Learning of Geometric Concepts by Elementary School Children. .
: ,(Volimes I and II. ) (University of Minnesota, 1974.) Dissertation ~ o
‘ ) “ Abstracts Intersational 35A: 3307; December 1974. e
» - . s 1
\ . In a ten-day stndy conducted witk 169 third-grade pupils, selected

basic geometric concepts were taught using a programmed format., Use

of both demonstrations by the teacher and manipulation of geometric

solids by pupils was more effective than use of paper-and-pencil
N activities or use of manipulative materials (such as paper-folding, -
geoooard, and georuler). N
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. ‘ment instruction im the usual large-group- setting; sixth—grade tutors

’—-Pxindeville, Ann Catherine.

A Program for Teaching Selected Mathematics’
Concepts. to First-Grade Children Using Manipulanda, Language Training
and the Tutor-Tutee Relationahip. (University of California, Los ‘
Angeles, 197l ) Dissertation Abstracts International 32A. 6l11 - Y
May 1972.7 5 -,
\ . ‘. . -,
Pupils in three first-grade classes were given 24 supplementary ‘
lessons on concepts of place value, order of numbers top.400, and S
two-place addition and’ subtraction. One group received the enrich— :

e

were used to present the enrichment .instruction in a second cla
.‘the third dlass used the textbook program in the usual large-group

setting. -

Pupils using. manipulative materials with language training

scored °‘qn1ficantly higher (p < .05) than those u§ing ° the textbook
- program with- workbook and drill sheets. Use of sixth—grade tutors
did nét result in better achievement. i

. . ]
> .

.“ "/"

Punn, Avtar Kaur. The Effects of Using Three Modes of Representation in
Teaching Multiplication Facts on the Achievement and Attitudes of

, -

Third” Grade Pupils.

(University of Denver, 1973.) Dissertation

6954 69‘55 May 1974.

-

LY

. ) Abstracts International 34A'

i

- o

Ninety third-grade pupils were taught fgr 27 days to solve missing-

factor multiplication facts and word problems using (1) enactive= .,
symbolic, (23-iconic—symbolic, or (3) enactive-iconic-symbolic ) RN
-modes. Pupils using’ manipulative matérials and symbols¢(l) had sig- I
nificantly higher (p < .05) ‘achievement and attitudes than those .
‘using “materials, symbols and pictures (3), which in turn was better ' ER

_ than using only pictures and symbols (2).

* . T oo
s f

- [ . . . v

'~Purser, Jerry Donaldson.

The Relation of Manipulative Activities, Achieve-

) pent and Retention, in a Seventh-Grade Mathematics Class:

An Explora-

tory Study.

(University of Georgia, 1973.) Dissertation Abstracts

International 34A:

3255-3256; December 1973. o :

In a study on-:fractions and decimals with 339 students in grade 7,

the use of .pictures of rulers and micrometers was found to be
feasible; significant differences favored groups using such materials.
(No. instruments were actually used )

-

Rathmell Edward Cary.- The, Effects of Multibase Grouping and Early or ;
Late Introduction of Base Representations on the Mastery Learning of
Base. and Place Value Numeration in Grade One. (University of Michigan,
1972.) Dissertation Abstracts International 33A: 60/1-6072;
May 1973. : ,

No significant differences were found between using various bases or
only base ten in grouping objects.with pupils in first~grade classes
(n = 110 pupils). The group having reading and writing“experiences
before grouping experiences (with objects) achieved bettet than the
group given grouping experiences first.

40 i
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Reys;*Robert E. Mathematics, Multiple Embodiment, and Elementarv Teachexs.
&rithmetic Teachen 19 489-493; October 1972

. C ey
'The rationale for using a variety of concrete materials to develop
a mathematical idea is, discussed and activities for the classroom
-are, presented

xy . B .

. w d

) : L -
R L N " . - . ‘

-

-

{Rich ~Littleton Waldo. The Effects of a Manipulative Instructiondl Mod¢

in Teaching Wathematics to Selected 7th Grade Inner-oitv Students. Sy
, (Temple University, 1972.) Dissertation Abstracts International i
'338: . 330; July 1972, -, T P . -\

N N
N P

Use of multi-base blocks and Cui enaire rods in teaching fraction

concepts did not negatively affec. t achievement for the nine seventh-
grade classes’ studied . T o .

v —
- . T
. . .

s

Richards, Kenvyn Barrett. A Comparison of the Effects of Verbal-Manipulative — .
Forms of Programed Instruction in- Teaching Measurement Skills to w ) ~
‘Sixth Grade Pupils. (University of Maryland, 1970 ) Dissertation o
- Abstracts International _31A: 58183 May 1971. ‘ L O

No significant differences in achievement: or retention were found ' y
‘between groups of sixth’ gradérs (n = 72) using verbal or verbal-
manipulative programs on reading a ruler. _ RIEN . A ﬁ
"ié N ! . : K
Ropes, Ceorge Hardcastle. The Effecte of a Mathematics Laboratory on
Elementary School otudents. (Columbia University, 1972.) Dissertation
ABstracts International 33A: 4250; February 1973.

Twenty- wo pupils\from grade 2 and 22 from grade 6 were randonaly

selectéd to participate in a mathematics laboratory; 22 other pupils

from each grade formed control groups. Experimental group pupdis

spent one 45-m1nute period per week for 14 weeks in the laboratorv,
" which "contained a’variety of manipulative materials and activity

sheets related to each”. No significant differences (p <'.05) were

found in attitude or achievement (although laboratory group pupils. -

.-" spent 207 less time on the rzgular contént tested). s

1

Ross, Dorothea. Incidental Learning of Number Concepts in Small Group.
Games. American Journal of Mental Deficiency 74:  718-725;
May l970 ) ' _ o . e

Retarded pupils aged 4 to 10 using a game program for nine months
improved significantly more than a group using a special-class nrogram.

;Schall, William E. and others. Developing Mathematical Processes (DMP).
Field Test Evaluation, 1972-1973. ERIC: ED 097 290. (1974)

14§ .




£ ' o
. - - ) . - N\
[ ’ - The Developing Mathematical Processes (DMP) program wag evaluated
A \‘ . iu its initial period of_ use; encouraging results were’ reported —-
L

.
. - .
F . . ."\ ./\.4' i '
. £l . [ . N "

¥ Schall, William and others. Developing Mathematical Processes (DWP)

, . ,Field Test Report, 1973-74. ERIC: Sh 019 475,. (1975) . . 7 IR
i R . .The DMP program was field-tested in the kindergarten~ and first three?‘ -
o "grades of six schools. The previous. years“ standardized test scores .

were used to predict achievement° no significant achievement gains
ware found. Teachers, parents, and pupils all gave the program °
favorable ratings.’ .

M ‘ - N R 1
'Schippert, Frederick Arthur.’ A Gomparative Study of Two Methods of Arith- i
-~  metic Instriuction in an Inper~City Junior High School. (Wayne
. State University, l964 ) Dissertation Abstracts 25: 5162-5163; ..
: N " . March 1965 R Tt
" Four- seventh-grade classes from an inner-city (Detroit) school were . ;

taught with SMSG texts (reviewing operdtions with non—negative . ’
. rational numbers) for five months, using either -an abstract approach
f*égs . ) involving verbal and written desrriptions of models of mathematical
: o — principles or student«manipulaLion of actual models. or representations
~ - _in a labdratory approach. A significant’ difference in growth of’

e, arithmetic skills favored the groups taught by “the laboratory approach..
] After tno-and-one~half years, differences still significantly favored
. . 7 the Jlaboratory gfoup._ Differences in- attitudss were not significant.

-

e L
- Tl ' . : -
—~— . . . ‘ - -

.

s, —-Schott Andrew F. New Tools, Methods fof Their Use, -and a New Curriculum
R in Arithmetic. Arithmetic Teacher 4y 204= 2094\November 1957. - -

S 1.

The development and trial testing of a mr “er aid was\discussed \ .

N ‘ . and partial data for grades 1, 2, and 3 we.ce presented, showin\“\xxL\

L - increased achiévement when these aids were, used. [Note that this T~ A

; “ . material is the one considered "expensive" in the Harshman (1962) o T~
. study.] : - oo . C BN S

.- 1!

f

.}f_:,m-‘m

Scott, Lloyd F. and Neufeld‘ Herman. Concrete Instruction in Elementary
School Mathematics: Pictorial vs. Manipulative. School Scienceﬁénd
Mathematics 76: 68-72; Uanuary 1976. . Zg[zé .
No significant difference ih.concept knowledge was found between =~

" either manipulative or pictorial groups and thé abstract group in
., nine second-grade classes involvéd in the stuuy. Affective responses
favored the first two groups over the third.

~ Sherer, Margaret Turner. An Investigation of Remedial Procedures in
Teaching Elementary School Mathematics to Low Achievers. . (University.
of Tennessee, 1967.) Dissertation Abstracts 28A: 403lr4032;
April 1968, . oo
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L Pupils in gtades 3 through 7 (n = 47) tutored with 20 author~developcd B
NP lessons, using instruétional aids. such -as drawings, counters, and
T number 1inés and charts, Showed ‘significancly-greater gain in achieve= o
e ment than those taught by traditional procedure.. , a0 T
T3 o » « * - - NN | o1
. £ ) z‘ . ‘ - ) ' ! ..i ‘:”\
fard : § i ¢ -
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«?Sherzér Laurence. Effects of .Different Methods of Integer Addition
"Instruction on Elementary Schbol Students of Different Grade_and

6 .
\

A
N

- Aptitude Levels. (University of Miami, 1973 ) Dissertation Abstracts B

Internationai 34A: 2465 NovembeX 1973

]
o=

The '¢orrespondence" method for teaching integers was more effective}

in grades 3 through 6 than was a number line method

[T . S —_-.-.,.7 N

, o e

Arithmetic Teacher 7+ 117-1213; Warch 1960

-~ -

I

ShippL_Donald E. and Deer, George H. The Use of Ciass Time in Atithmetic.

For. three classes of pupils in grades 4, 5, and 6. there was a. trend

toward higher achievement ‘when the. percentage of class ‘time on-- -
cluded that more than 50%-of class time -should be spent on- develop-

- mental dCthitieS, Wthh incTuded use of materials and discussion.
[ . . *

’
- - ,/
¢ .,

Shoecraft, Paul Joseph. The Effects of Provisions for Imagerv Throu h
- _ Materials and Drawings on Translating Algebra Word Pr oblems, Grades
: 'Seven dnd. Nine. (University of Michigan, 1971-)- Disseitation
Abstracts Internatioral 32A: 3874—3875, January 1972 T
Twelve séventh-grade classes (n'= 366). @nd ten. ninth-grade classes)
. ‘were taught number, coin, and age problems for ‘eight days and work
o ' and mixture problems for four days. Two approaches used high .

imagery with (1) concrete materials or (2) piétures, while a control .,

group stressed direct translaticn of the problems. _The materials

approach and the direct approach were significantly better than ‘the o

;ﬁ., developmental activities was .increased from 25% £0.75%. It was ‘con=

. ¥d

~

picture approach in grade 7 for number, coin; and age problems. Tor

work and mixture problems, the materials approach wzs better than
the Jpicture, approach. For retention and transfer, differences also

better when they could use materials.
i . e “ . A,
3 # Al

.

Shuster, Albert:andxéigge, Fred. Retention Efficiency of Meaningful
Teaching. “Arithmetic Teacher':lZ. 24~31; January 1965.

.v . 2 * '

For’ six ‘classes of fifth graders, spending betwen 50% and 75% of
.the 'me on cdevelapmental activities resulted in. better retention.

e M
e .
*

Silbaugh, Charlotte Vance. A Study of the Effectiveness of a Muitiple—
T Activities Laboratory in the' Teaching of Seventh Grade Mathematics

to Imner-City Students. (George Washington University, 1972.) [Lis- .

*

sertation Abstracts International 33A“ 205, July 1972._

- favored the, materials approach Low achievers in particular achieved

2
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6959&6960 May 1974, . ! R O -

:_. Mathe@atlcs laboratories were attended twice a week by twelve seventh-
grade.@lasses,.l2 classes in the same school did -not .use.the laboratory,

.and- 12?classes were im another school with no laboratory. _The labora-

tory abpeared to have a favorable effect on achievement scores.
7 .

‘*ﬂ.wr—'

S&mpson Clifford James. The Jffect of Laboratory Instruction on the

Achxevement and Attltudeslof Slow Learners in Marhematxcs. (Ichléh
UniJerslty, 1973.) Dlssertatlon Abstracts Internatlonal 34A

- . - - -

g s AR RIAY T i tia g W

o r

o cant.dlfferences favored the teache*—taught group; for one. unity
© -the’ laboratory group ach1eved better. o .

TET - ﬁiw,_

In gthl day studj, 87 seventh-graders class1f1ed as slow learners

.were taught by a laboratory approach (us1ng act1v1t1es with an
. .NCTM book) in cne school or by a traditional approach (using a

£Or ercial text) in- another, school. For two of six units, 31gn1f1-

3
)
. i : P
e . . R

o ‘-. %‘F‘ « - : - A . .
Smlth Emma Drucllla Breedlove. The Effects of Laboratory Instruction upon

Achlevement in and Attitude Toward Mathematics of Middle School
Students. (Indlana University, 1973.) Dissertatlon Abstracts Inter—

. national 34A: " 3715-3716; January 1974.

Al . i

Eighty-two students from grades 6, 7, and 8 were taught by. a'labora-
‘tory approach two days a week for one-and-one-half semesters, while
153 students were 1uenL1f1ed as the Control group. No. significant,
differénces in achlevement or att1tudes-were found between groups.

- = .
P < N
. . - .
——

-Smith, Jinmy Eugene. The Effect on Achievement and Attitude of Three

_.Approaches for Developing Area Conceprs. (The University of Texas
Tat. Austin, 1972.) Dissertatidn Absiracts International 34A:
5497 ~5498; ;. March l974. T

The expos1tory -approach was found to, be superior to the, uhlmoucl and
multimodel approaches on most of the area ‘topics studied in_ four
classes at grade 7.«

Snyder, Henry D. A Comparative Study of Two Self-Selection-Pacing

Approaches to Individualizing Instruction in Junior ngh School
Mathematics. (University of Michigan, 1966 ) Dissertation Abstracts
28A > 159- 160; July 1967.
No significant differences.were found in achievement or in the .
characteristics of pupils in grades 7 and 8 who selected either of
two independent work approaches; however, gains were' greater fuor the
independent .groups than for the control classes.

-
«
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’

§n§der3 Patricia Kay. Development of a Model of a Mathematics Laboratory
for Secondary Schools. (University ‘of Denver, 1975.) Dissertation o
~ Abstracts .International 36A: 4236-4237; January 1976. . . A

~ L e

A model for laboratories was developed, includipg~physiEaI'§acility
and equipment, teacher involvement, student activities and roles, . ' . .
laboratory techniques and procedures, conceptual framework, and o o
mathepatical -concepts: .4 -

] - 4 -

-
~ . . v

- « .

.Sole,-David. The Use of- Materlals in the Teaching of Arithmetic.
‘(Coldimbia Unlverslty, 1957.) D1ssentatlon Abstracts 17: 1517- . R

e g redran

1518;_July 1957. SR R s

- ———— . N £

oo -
= —— e e
"“*———v;-«—-—-..,.-—-___.___

Twelve thlrd—grade classes (n = 240 pupils) were taught using either .
.. .a variety of materials or one material. No differencés were found C o
between the two-groups. If more time was spent in using.either one -l
or sevéral materials, then higher achievement resulted. .The effect g ;-E
appeared to depend more on the teacher than on the materials used .

‘e @ . - ‘.' N
=z

A
*

. “- §" J’T
-Spross, Patricia McNitt. A Study of the Effect of a Tangible and .S
Conceptuallzed Presentation of Arithmetic on Achievement in the g
.Fifth and Sixth Grade. (Michigan State University, 1962.) Disser- -
.tation Abstracts 23: 1293 October 1962, ] )

- . <
X

"Tangible manip&lativevrtems that had cultural significance". were R
used in this study with fifth and sixth graders (n = 166) "wheneVer

possible’. Significant differences Zavored the experimental . i
group over a.group -having "routine" presentations on both standar- -
dized tests used except for one subtest on fundamentals. .

e ’ i

Activities“on Seventh Grade Boys' and Girls' Achievement in and
Preference for Mathematics. (University of Mississippi, 1970.)
Digsertation Abstracts Internmational 31lA: _2798-2799; December 1970.

Seventh-grade groups using games, non-verbal problems, or self-
selection of activities had significant 1ncreaSes in achlevement.

A local ‘control group also had a slgnificant increase in achievement,
while a remote control group did not.

‘Stanford, Thomas Eros. Effects of and Teacher Evaluation of Supplementary

Steffe, Leslie Philip. The Performance of First Grade Children in Four
Levels of Conservation of Numerousness and Three I.Q. Groups When
. - Solving Arithmetic Addition Problems. (Unlverslty of Wisconsin,
> 1966.) Dissertation Abstra ts 28A: 885-886; August 1967.

Steffe, Leslie P. Differential Performance of First-Grade Children When
Solving Arithmetic Addition Problems. Journal for Research in Mathe-
matics Education 1: 144-161; Mzy 1970.

g
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“»phvsical or pictorial aids, which- did not differ.

o~

Ste

-

- solve the nroblems.
nACerlala scored significantly highe

St.

Swick, Dana F.

-~ Tanner, Verdelia Jane Lindsey.

and préblemis with aids (r

oifey

-—— dorized .sequence.

Martin, Allen H.

A-40

N
M " ~

Randomly selected first graders (n = 132) were categorized into four
levels of conservation of numerousness, and given addition problems
with physical, pictorial, or no aids. Problems with no accompanying
aids were significantly more difficult than problems with either.
Slgnlflcant
correlations were obtained between scores on an addition facts test
.46) cr w1thout aids (r = .41)..

Problem Solving Performances of
ED 041 623. (1970)

e, ;Eslle P. and Johnson, David C.
Flrst Grade Children. ERIC:

One hundred eleven chlldren were given a 48-item problem-solving
test, with six problems from each of eight tvpes presented in,a ran-
_Half of the children in each abilityv. group were
randomly assigned to use of no manipulative objects, while the other
hnlf were provided with man1nulat1ve objects reEerred to in ‘the-

No IO d1fference were found but thos° us1ng

than those not using materlal§;';

An Analysis of the Relationship Between Two Alternate
Procedures for the Utilization of.Teachxng Aids in Piaget's Develop-
mental Theory During the Initial Introduction of Selected E}fth

Grade Wathematlcal Topics. (University of Houston, 1974.) * Disserta-
tion Abstracts International 35A: 7037-7038; Way 1975.
No significant difference in achlevement was found between fitth-
2rade groups us*ng a concrete-semiconcrete-abstract sequence and -
those using a semiconcrete-abstract sequence. lisé of doncrete materials
resulted in some higher subtest scoress. A
e

-~ ]

-

L - — -
The Value 'of Multi-Sensory Learning Aids in the Teaching--of
Arithmetical Skills and Problem Solving -- An Experimental Study.
(Northwestern University, 1959.) D*ssertatlon,Aﬁéxracts 20: " 3669;
March 1960. ; 7 P
,Students in grades 2 through 5 (n = 404) Aﬁge‘significantly greater
gains during the nine-week period when 5/;arie£y,p£/materials vas
uséd than were expected on the basis 6f their scores forathe’previous
nine weeks.

Az athematlcs Prggram for Primary-hAge
Chiléren: Concrete-Operational Approaches/to Number Concepts.
(Brigham Young University, 19/2 D1sverﬁ/tion Abstracts Interna-
rional 33A: 2674; December 1972. //

A workbook developed for the beﬂinniniéconcrete—operetion stage of

number development was found te be superior to ¢ommercial programs
for developing concepts; .o differencgs were fgund for computation
skilis. The manlnulatlve rpraeheséQeVelopeg nosit.ive attitudes
toward ari"nxetxc, with greaLer retention of learning.
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—_ Thomas, Gregory P. Field Tmpact Evaluation. Monmouth 'Oregon° Teaching
_‘Research Oregon Stafe System of Higher Education, December 1975.

. ?Fifteen Oregon progects in whi fch teachers had been exposed to mathe—
LT matics manipulative_materials, games, and the laboratory approach

S were evaluated*through a series of field-site interviews. A random

i~ . o Sample of 25 percent of the teachers in each project was selected;
e ] each ‘teacher was matched with a teacher who_ had not participated in”
S0 T _any of these projects, but was located in the same building and taught
- at the ‘same level. In- addition to the 120 matched pairs of teachers,
0 four students, were selected at random from each teacher's class.

’ 'Both participant and control groups were very, s1milar in their use

’ of various materials. In no instance were either games or manipulative
o - materials found to be the basis of a significant percentage of

L programs. However, both were highly preferred by teachers, and were
- used quite frequently, particularly by the participant group (games,
Do ) 93% and manipulative materials, 87% for participants; for controls,
e ) 'correSpondlng data were 85% and 69%). Both students and teachers had .

714_,i.~7““*‘--highly—rated«by“student : . o ;

> ——— <
. - - — =
. LN . . ; ' R N T e

Mathematical Concepts and Skills by Fcur Children in a Fourth Grade
S Open Classroom: A Case Study. (The Ohio St=te UniverSity, 1973.)
: D1ssertation Abstracts International 34A: _4584; February 1974.

" Four fourth-grade children were observed to determine_the mathematical
concepts and 3kills with which they dealt, as well as the processes
. they used. Tasks involving materials were administered to assess
A . understanding of three interpretations of multiplicatiomn.
. : ; - ' LI
ﬂu ;

o

[IENN

[z
.
"
-

- Tobin, Alexander. An Experimcntal Study of Teaching Wathematics to
Retarded Educable Chiidren-in Elementary- School Through the Use of
Concrete Materials in an Activitv-Centered Environment. (Temple
Univers1ty, 1974.) Dissertation Abstracts International 35A: 3412;
" December 1974. - p

*~No significant difference ir achievement was fdund‘for mentally
retarded children aged 6 to 9, but those in thg group aged 9 to 12
who had the concrete materials program achieved significantly higher

. than a group not using the program. .

v - Il

v

—~—

Toney, Jo Anne Staley. The Effectiveness of Individual Manipulation of
Instructional Materials as Compared to a Teacher Demonstration in
: Developing Understanding in Mathematics. (Indiapa'Univers1ty, 1968.)
. Dissertation Abstracts 29A: 1831-1832; Decenber 1968.

s Fourth graders were randomly assigned’ to be’t\ught for 69 days by (l)
’ individual manipulation of materials or (25 teacher demonstration
with materials. No significant differenées in class means were found,
but the group using individually manlpuiated materials made greater
gains in proficiency. .

positive attitudes. toward games, while manipulatives were..not -as—- - - - -

- \N— »;'
7 --Thompson, Charles Stanley. The Learning of Mulc1plication and Other  — -—-

e e o -




-Trafton- Paul Ross. The Effects of, Two Initial Instructional Sequences

on the Learning of the‘Subtraction Algorithm in Grade Three. .
(University of Michigan, 1970.) Dissertation Abstracts Intérnational
3lA. 4049-4050; February 1971. .

In a stud& with eight third-grade classes, more extehsive development
. of the decomposition algorithm was found to be more effective than a
procedure which included work with concepts and use of the number line
before the algorithm was taught. - .

. - . 2
- f 5

Trask, Marvin Wellington. .A Study on Interaction Between Aptitudes+and

3

o1
ot

Concrete vs. Symbolic Teaching.‘iethods as Presented to Third-Grade
Students in Multiplication and Division: ' (University of Oklahoma,
'1972.) Dissertation Abstracts International 33A° 4253-4254;
February 1973. - ] o T

One group of randomly selected third graders was taught for 49 days
. by a symbolic methodz\ﬁsing the'féifbook chalkboard, and multiplication
flashcards, while a second grﬂup also manipulated concrete objects
(egg cartons, pebbles, counting boards) (total n = 65) No signifi-

-

cafit differences in achievement ‘were found. Regre€ssion analysis
indicated that pupils of -above-average ability were aided more by,
the materials approach, while those of below—average ability
benefited more from the symbolic method. T

2

o e
— - .

Trimmer, Ronald G. A Reviéw of the Research Relating“Problem Solving

and Mathematics Achievement to Psychological Variab es and Relating —
These Variables to Methods Involving or Compatible with Self-=
Correcting Manipulative Mathematics Materials. .  ERIC: ED 092 402.
(1974) S

This research review focuses on determining the psychological variables.
related to problem solving and presents arguments for self-correcting .
manipulative materials to teach problem solving. Studies on Cuisenaire
rods and other materials and studies involving use of activities are
d1scussed : [ :

i

Prueblcod, Cecil Ross.. A Comparison of Two Techniques, for Using Visual-

Tactual Devices to Teach Exponents and Non-Decimal Bases in
Elementary School Mathematics. (The Pennsylvania State Uni- ersity,
1967.) Dissertation Abstracts 29A: 190-191; July 1968. -

Trueblood Cecil R. A Comparison of Two Techmiques for Using Visual-

: TactUal Bevices t6 Teach Exponents anz\ﬁohwnesémal Bases in ",
Elementary School Mathematics. Arithmetic Teather, 17: 338-340;

April 1970.

z
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fgé "Pupils in, seven fourth—grade classes were randomly assigned to be
taught a unit on. exponents_ -and nondecimal bases by (1) manipulating
visual-tactual aids or (2) obserV1ng and: telling the teacher how

S . . to manipulate such aids. PRupils observ1ng the teacher manipulating

. materials scored higher (p = .10) than pupils manipulating materials
themselves. No significant difference in retention was found.

~

) . . ] . ’
3 HERRY * N t »
. PR . « 3 y

Unkel, Esther R. A Study of the Laboratory Approach and Guided Discovery ‘
in the Teaching Learning of Mathematics by Children and Prospective -
Teachers. ERIC: ED 056 986. (1971) .

PRI - -

) Twenty-nine elementary—scnool pupils were tutored with some use of
| materials. Some sign1ficant gain scores were.reported at most
g -grade levels. . - . .

e

Vance, James H. and Kieren, Thomas E.__Laboratory SetLings in Mathematics.
K ‘What Does Research Say to the Téacher? Arithmetic. Teacher 18:

e . '585-589; December 1971. - oy N . PR

3 p

§ Lo, ! :
In this research review it was concluded that children can learn from
and like mathematics laboratory approaches.

7

T———— ..

Vance, James H. and Kleren, Thomas E. Mathematics Laboratories -~ More
Than Fun? School Science and Mathematics 72: 617-623; October 1972. °

. e
For ten week's, laboratories were used once a week with some seventh
and eighth graders. No.significant differences in achievement of
work covered in the regular program were found, although one-fourth

i . Of mathematics class time was spent in informal exploration. Students

.. * strongly preferred the laboratory method. Both laboratory and’ -

, class-discovery groups scored higher than ‘students in the regular

program on cumulative achievement, transfer, and divergent thinking

+tests.

i

— Van Engen, Henry“and Gibb, E. Glenadine. “General Mental Functions Associ-
..ated with Division. Educational Service Studies, No. 2. Cedar Falls:
Iowa State Teachers College, 1956

In this study-on the efficacy of the successive subtractions and -

.. distributive algorithms for division; materials were suggested but
use was not carefully-’ controlled. Some advantages were found for
each algorithm.

— Vitello, Stanley John. The effect of three Variables on the Solution of
Verbal Problems Requiring Class Inclusion .Among Educable Mentallv ‘
Retarded Children. (The University of Connecticut, 1972.) Disser-
tation Abstracts International 33A: 2795; December 1972.
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The group with a mental age”of 10 pérformed statistically better PR o
when given two pictures and iconic presentations; differences, at ' s
other MA levels (7+through 9)'Wer9/not significant. .

N
L

" Co

v' o i / s ’ :

Wallace, Pedrlena. An Investigation of the Relative Effects of Teaching
?ﬁMaghgmaFical Concept Via Multisensory Models in Elementary-School

Mathematics. (Michigan State University, 1974.) pissértation '

N

Y & ~ “Abstracts International 35B:  2989-2999; Decembér 1974. ' : ;

.‘;’ N Y M w3 R ‘ .« n . . . '(,‘;‘

3 S o %upils from grades 4, 5, and 6 (n = 154) were taught fraction cdncépts o :

: ¢ - for three weeks ,ysing Cuisenaire rods and magnetic fractfion parts or

. o %‘4uwi§hla traditional, approach. - Ihe?ma;e;ials group. scored significantly

o Wigher than the traditional %roup on both achievement and manipulative I

= -, tests... No significant differences were ,found between welfare and ' e

[ C Y A e N Y . .

o L ?\Q\non—welfa;q.;ec;pients. - ; : {

BT ~. S . ' o . d
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. . v :;?, . ; . ;' ; . \'}.

bt .. Weber, gpdra_wheatlyxgzIntroducing Mathematic§ to First Grade.‘Children:” ’ S

; Manipglati?e-vs. Paper and Pencil. (University of Calfironia,’ Lo

. Berkeley, 1969.) Dissertation Abstracts. International 30A; 3373-3374; T

_ February 1970.

. _With six classes of first.graders; thiree from low and three from high
‘ySES'schodls, mathematical concepts were reinforced for one month .
o —zte-through-use of (1) paper-and-pencil follow-up activities or (2) manipu- . K
) - lative and concrete materials for. follow-up activities. No significant ks
R difference in achievement was found between groups, although a trend
favored the use of materials, especially for low SES pupils.

Sgen s tanade %

b
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A

- —~ Weeks, Gerald Malcolm. The Effect of Attribute Block Training on Second
and Third Graders Logical and Perceptual Reasoning Abilities’ )

) (University of Georgia, 1970.) Dissertation Abstracts International

- . . 31A: '5681-5682; May 1971. / ) . o )

/ A

’ - / .
N ¢ In a study with second and tgird graders, attribute block training T
he was found to-have a strong positive effect on logical and perceptual .
N ' reasoning ability. / . ’ '
: " . " / -

- C Wheeler; Larry E. The Relatibnship of Multiple Embodiments of the Regrohp—
: ing Concept to Childrgp's’Performance in Solving Multi-digit Addition
, and Subtraction Ekqmgles. Dissertation Abstracts International 32A: .

4260; February ¥972i' -

A random éample of 144 second-graders was categorized according ‘to ) w
three levels of abstraction by testing their performances in ’

o regrouping two-digit addition and subtraction examples on the abacus, = w
sticks, place-value chart, and multi-base blocks. There was no o |
significant difference between .their performance in solving two-digit |
examples 1 the symbolic mode. However, children proficient in

/
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-tion Approaches. (Northwestern University, l972 ) Dissertation * - s
Abstracts International 33A:. 2699-2700; Decembet" l972.’ - -

_manipulative materials scored higher than students using 1nd1V1dualized

-Wilkinson, Gerald ‘Glendel. The Effect of Supplementary Materials upon e

regrouping on three or four embodiments scored significantly higher.
on the multi-digit examples than children not proficient using concrete
materials, Significant. correlations were found between the number

-of embodiments children were able to regroup for two—digit addition
-and subtraction and their performance on nulti—digit addition and |

subtraction. S ‘ . . ,

13 K

Whipple, Robert M. A Statistical Comparison of the Effectiveness of \ / .

Teaching Metric. Geometry by the Laboratory. and Individualized Instruc-

Students.injgrade 8 (n = 93) who used a. laboratory approach with

instruction'units on geometric ideas. i -~

. Sy

Academic Achievement in and ALtitUde Toward Mathematics Among Eighth
Qrade Students. (North Texas State University, l97l ) Dissertation
‘Abstracts International 32A: 1994 October 1971.. :

Students in grade 8 (n = 136) using supplementary materials (objects,

ifilmstrips, and films) did not show a significant gain in attitude - “é

over, those using a traditional method, but achievement: increased in N
heterogeneously grouped classes Lsing,supplementary materials, ‘

-~

Wilkinson Jack Dale. A Laboratory Method to Teach Geometry i Selected }

Sixth Grade Mathematics Classes. (Iowa State University, 1970 ) o ;
Dissertation Abstracts .International 31A: 4637; March 1971.

Sixth graders (n = 232) weré taught geometry for 20 days usihg . . .
(1) laboratory units, with worksheets and manipulative materials N
requiring experiments and data collection, (2) laboratory uni

which included cassette tapes, or (3) a "more conventional approach"!
No significant differences in achievement or attitude were found
between thg three approaches. ) e

: WilRinson, Jack. A Review of Research Regarding Mathematics Laboratories.

'In Mathematics Laboratories: Implementation, Research and Evaluation
(William M. Fitzgerald and Jon L. Higgins, editors)g Columbus: ERIC .
Information Analysis Center for Science, ‘Mathematics, and Environmental
Education, 1974. ERIC: ED lO% 021. ¢

Research related to the use of mathematics laboratories is reviewed.’

J—
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~Williams, John D. The Evaluation of Three Math Conrseq. Journal of
Structura) Learning 3: 41-79; 1972, )

Data from'a study (1961 1963) are reported for groups.using the
n Dienes or the Cuisenaire program for one and two years, each compared
\ with .control groups using a conventional British program. Attrition.

e il-- \ and various other sampling problems occurred which .reduced .the i
o . experimental groups markedly. After.one yéar's use of the Dienes
: \ . program, scores were slightly depressed by comparison with those of

i their control grcups. The first-year Cu1senaire groups obtained’
5 . slightly higher achievement scores than their control groups. After
T a sécond year, both groups improved significantly above the level -
of their respective control groups. 7

- - “ - ) E
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s .Wolff, Donald. J. An Instructional Game Program;” Its Effect on Task

y - ) - ,Motivation. (Rutgers University The Stdte University of New qersey,'
1974 )Y’ Dissertation Abstracts International 35A.« "3535-35363"

 December 1974 \ <

B For 66,,pupils in grades 1 and 2, preference for the coopérative
S " game format (u31ng adaptations of "WFF'N PROOF" and "On-Sets'")
declined 51gn1ficantly. No evidence was _found for a format effect
h v on irterest in the subject matter, set theory. When ‘pupils were
ree to move at their own pace, cooperative procedures appeared

N - better than competitive ones. . . )}
: b g
i Wood, uarolyn'M. A Comparison of the Effects of Sequence and Mode upon

the.Initial Acqui51tion, Rétention, and Transfer of Elementary
“ Multiplication Concepts.. (Gniversity of Pittsburgh, 1974. Y Disser-
tration Abstracts International 35A: 2068; October 1974

" .
No significant differences in achievement were found between small
groups of pupils in grades 1, 2, and 3 who were introduced to
multiplication rules and concepts through inductive or. deductive ..
modes and with concrete or pictorial representations. On the reten-
tion test, the first graders scored better using the inductive pro-

~ gram and concrete materials.

> Wrightstone, J. Wayne. Evaluation of the Experiment with the Activity
B . Program in the New York City Elementary Schools// Journal of Educa-
v L tional Research 38: 252-257; December 1944////

As part of an evaluat:on of a six—yoar experimentatioi: period, it
was, found that arithmetic scores Of‘tIOSé in the activity group were
significantly lower than for those in the\non-activ1ty group on
one testy and not significantly different on another test.-

R

sity, 1970.) Dissertation Abstracts International 31A: 942-943;
September 1970. .

Q ‘ 1;5§) - ) N

Wynroth, Lloyd Z. Learning Arithmetieeby—Rlaying Games. (Cornell Univer—




. . . I . \ ) -
- A~47 - - . . .

. 3 “Kindergarten and first-grade groups taught new concepts verbally
- ) chroughia series of competitive games, followed by self-paced /
/work later, had significantly higher scores on achievement

Jmritten
tests. than those who had a "normal” program. -
. “:’ '-v ! ~ .
4 -

/ .
Zahn, Karl G. Use of Class Time in Eighth—Grade Arithmetic. Arithmetic

. Teacher 13:. 113-120; February'.1966. . . ]
:120) who spent 56% or 67% of their time on

1
)

T Stadents in grace 8 (n
developmental activities scored higher than those who spent the
greater. probortion ‘of their time on practice. . .

LA t'”’ . .
Activity Centered Math Program. ERIC: ED 093 676. (1973)

|
Descriptive statlstios were used to substantiate the claim that the
,program, modeled after the Nuffield Project.with an emphasis on

: G
‘e

3
activity learning, produced acceptable results.
;’ " Kl o
ERIC: ED 028 823.

The Use! of Coloured Rods in Teaching Prima;y Number Work.

(1?64) - _
In grades 1 and 2 in Canadian schoolé{ significant differences were
\Ykstandardized survey test.

fgund on the Cuisenaire test but not on

o

T e
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APPENDIX B

DELETTONS FROM LIST OF REFERENCES

Reference

_Adams, ‘1971

Adkins, 1959

Aldrich, 1970’

Allison, 1965 .
Atkidbon, 1973

‘Au;tin and Jesson, 1974

Bailey, 1974

" Baker, 1971

" Bass, 1971
He;nétf and Walkef{ 1971
'Bianéaviso: 1971
“Biot, 1970
Boersig, 1973 ;
Bowbrs, 1972, 1973
Brauca, 1971, 1974;
" ,Branca and Kilpatrick,
1972
Brumbaugh, 1970

Brush, 1973

Burgess, 1970‘

Camp, 1971
\ééféy‘ana«Scegfe,71971
Carlson, 1972 ‘

pd

_Cliilewski, 1974

Collins, 1971

"Reason for deletion

¢

content: linear ordering

type of study: 1ist of "instructional aids"

content: Piagetiag classification

focus: forni and color, not-specific to materials,

¥

P ., EX4
content: identification of geometric .shapes

-

not research \
. -“\\ ‘! . . \
content: polygonal paths

level: gradg 9 !
con;ené: topological understandings
content: catégoéization

conteﬁ?: Piagetian conservation

content: Piagetian conservation

level: grade 9

lévelz secondary

1

content: mathematical structure of Klein Four
group

content: geometric representations

¢

focus: materials only jncidentally involved
) in survey P

level: .secondary

contvnt: Piagetian conservation

content: measurement, noF focused on materials
content: Piagetian conservation

content: mathematical structure of Klein Four
group . e

focus: mastery learning
161

-
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© - B-2 )
§ Eggéfénce : Reasén for deletion - o
: 5_- " Collis; 1971 - focus: designing research using card~sorting
: - . task
f “ Colvin, 1972 = not research .
g S . ‘Ggwan, 1964 -content: Piaget;an\transformations.
é ‘;érist, 1969 .- content: telling t?me
é‘ _’ ;Dévis, 1967 level: grade 9 0 -
a "Deéns,-lé1§; " ©  .not research N )
J ' -Devof“énavsggrﬁ: 1970 . ievel: fpggséhooi- T S
; ‘ 'bowng, 19%9: "L . focus: buiiﬁing.birdhbuses
; ) iEngél; 1967 . focus: use oé automated devices
% - ’Engli;h, 1961 : " focus: use of color in printed materials
Eséy,’i?7l o content: topology
Finch, 1972 type of study: survey of wmaterials cited in PLAN
F;nk,.1974 . . focus: role of imaginative piay and effect on

. Piagetian tasks

Finnell, 1973 level: grade 9
4"; ’ Folsom, 1959 + focus: ‘teachers' manuals
.~ Fortson, 1970 focus: stimuius activities,‘including
. . . rhythms, creative activities
, ‘ Caitier, 1973 not research
\J : Gatz, 1973 . content: copying geometric figures
oL ! Gavzy, 1974 . " focus: not manipulative materials
'; ) Goforth, 1938 ) type of study: .drill procedure, 13538
22%§;£"“ﬂ Gormén; 1943 - type of study: list of laboratory eqnipment
Gréfft, 1970 focus: not manipulétive materials
Gray, 1965 . . focus: meaningful instruction
;.Greenberg, i??O content: = geometric forms
‘Greenes, 1970 . conte;F: geometric forms

162 '




‘kéference
Greer, 1972 ..
Gubtud; 1971 -
éprurajg, 1671 /
/

Heard, 1954 /
Hilliard, 1972 o
Howard,.1957
Hutcheson, 1973
Johanson, 1972
Johnson,21972

’;bjohhsqhb 1970

; Jones, 1971

> Jones, 1968 '

*/ Kamps, 1971
..+ Kerr, 1973
Khan, 1973

Kidder, 1973
. King, 1973

Krulik 1974
ﬂaCroqse, 1967
% , Lamon, 1969

3 “

~ Lane, 1964

LaRoche, 1970 =
Lerch and Mangrum, 1965

Lewis, 1969

;. -

/ focus:

]

/ _content:
/

Haring ;ﬁ& Bermdn, 1972 .

Reason for deletion

effect of bb&y-movement .
n vectors ‘ i o
cqntént: Piaggrian' C e
focys:” not manipulative ﬁ;teriéls
po .

unable to obtain copy

content: Piagetian : ,
type of study:I British teachers; reaotiéns ¢ ¢
level: grade19‘ ' . ' S ~ ) é
level: grade 9 7 ) ‘ . ) L
content£ Piageti;n classification and{seriation
content: categorizing beﬁavior . ) ;
level: preschool ‘ a , |
level: grade 9 ’ }
Eontent: Pihgegién conservation 5 ,
focus: oﬁly one referénce to activitﬁes :
level: preschool ‘ ;
content: transformation, not focuseé on
materials 2 ‘ ; .

focus: two forms of Skemp's test, not directly )

related to classroom activities

_not research ;
content: Piagétian‘ é : - ’
'
content: mathematiC?I structure of Klein Four i
group

focus: programmed instruction ;
not research e T ‘ ,

- . . !
type of study: 1list of "i;structionai\aids" : TSl

i
\
measurement, not focused on mﬁterials

163 |
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content:
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Reference -

Light, 1972
N !

i

’

Lindvall and Light, 197Q

o
J5E S L .Y
 “Loomis, 1965

McCune, 1971

— [ SE PPN .

Miller, 1972
. Miller et al., 1269
-+ Muixay, 1970

A

iOwens and Cooney, 1972
. ’," o . .
* Page, 1971

Papert and. Seclomon, 1970

Pereira, 1973, 1974

Phillips, 1968
Porteus, 1972
Prat;r,;1968.‘
Price, .1351

o

Réa and French, 1972

4

Reavis, 1973¢

Reeves, 1972

i Regula, 197}“

Schell, 1965

Schnur, 1970

Reason for deletion

-.’\ .
focus:

T
T A

not~

not research ’ - o

leve;:

. ')
program not stressing
materials

regsearch ’ .

pres&hool o ' .

not research ‘

content:
content:

qontent:

level:

not research . .- p

‘content:

content:

Piagetian‘topoiogy

& . .
Piagetian conservation

Piagétian transitivity

+
4 -

secondary -

. L RS
mathematical structure of Klein Four

group Q

~

Piagetian

o

type qf sﬁhdy: no data reported - L w

focus: .

unable
é .,
focus:

focus:

level:

focus:.

focus:

focus:

to obtain copy .

varied mental computition activities’
i N * o

. parent program, with games included

. but use not controlled

'secondary
* -~

. o, .
technique for meéntdlly retarded, with
no emphasis on manipulative. materials

not manipulative materials:

. e
not manipulative materials

-~

o

study of color in textbooks . ;

Shah, 1971

&

o

Shively and Asher, 1971

Smith, D. D., 1974

content: fopological concepts

critique of grade 9 stud§

«

focus: papef¥anaépencilexample as a
4’

- -
. .

164 “
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Reference

Smith

Y

i,

RN

R

-

. »

~‘2§tgffe,f1§é]2
Steinwdy, 1918°
Stratford, 1971
PR S 4
giv;Syer:and‘ingeneri, 1949

ate, 1965.

s

Waters, 1972 7

’.

‘_: Meinery 1972

© -Wildérman, 1974

ﬁiliiams,

“‘Winkéimanp,'1974 -
45*"Y53n§:‘1§74 ‘
- " ED ‘049 062
| ED 061 721

067,430

069 458

o ”

€75 561
077 768
078 611
087 793

i

“ED 087 835

- >

"® 097 204

P
.

5 1975

not research o .

1976

"focus:
t-4

R-5 e .
‘Reason for deletion ' -~
content: Piagetian conservation .

€

- -

~

content: Piagetian classification

R L
research design: 1918 :

focus: description of program using workcaf&§§h‘

N -

.

focus: audiovisual materials

level: secondary

content: Piagetian. more/less

- - .L
not research
,::‘ - ¢ = -
level: preschool®: -
- . o7 . ‘:,;

- &
S2AR

-~ content: Piagetian-tonservation

content: seriation~ S
-~

focus: no data on effect of use of materials

.

focgi}yéimulation/gaming

focus: not manipulative materials

& . Y .

focus: nc results cited for a range of
instructional services

oufcomes-specifib to activities unclear

focus: effect of materials aot studied

v
. LR

. : : . Y
focus: not og’use of materials or rcom

i
focus: on general program, not effect of
manipulative materials

focus: not on manipulative materials .

focus: wuse of supplementary materials developed.

to accompany textbook not controlled

-




N S ' APPENDIX C

L INSTRUMEAT FOR.EVALUAT§NG
PLT L - : EXPERIMENTAL EDUCATIONAL RESEARCH REPORTS -

———— -

[P . . / -
R - : -
; ¢ - ' / .

Since research efforts vary widely in qualiﬁy, the queégioﬁ Bf the
-

R

P

: L . e S
¢dégree of confidence which can be placed in the findings of a study iz.one

o of considerable importance. Many lists of Sugégstions have been developed
P 3 P -

"to aid in making this judgment; such—lists,‘however, lend themselves best

sy - ] P . . :
: . .. to casual evaluation, and the results axe often. inconsistent and unreliable.

. Perusal of the literzture (at the time the instrument was being developed)
T disclosed six instrunents for evaluating research. For three of these,

i, no reliability data were available. Tor one, the reliability was so low

o

‘be helpful: Johnson (1957), with inter-ratér{reliabi}ity of .75 to .733

-~ and Géﬁhart (1964), with inter-rater reliability of .74. But neither

— - -

seemed entirely suitable for evaluating experimental studies in elementary

» -

school mathematics. More informatiou is needed to support the items on

Johnson's list. Gephart's instrument sacrifices the time-consuming rating
- Pf each subitem to a purely subjective fijnal rating. :

/ - ' -
: / ¢- Therefore, 24 lists of suggestions for:evaluating educational research.

PR <
-z ~%

proposed by writers in the field were compiled. Nine points were fourd

.

to be consistently repeated,and-these form the basis .for the Instrument

-

* for Evaluating Experimental Educational Research Reports. The nihe questions

-

focus attention on the vital points, and the value of the research in terms

of these is specified. Possible flaws which lead to incorrect conclmsions
and may negate the value of the research' are ahalyzed. The sum of the

numerical valuec assigned to each question provides a basis for comparison
- L

) [providiné the user can overlggkﬂghe_queStion of summing ordinal numbers].
\)" ) . ’ I P ‘ , ( .
“ERIC . . 166 \

PR A i 7ex: Providd by ERIC

that the usefulness of the instrument ie questicnable. Two weré found to -

LS
&

~———



Te - ) \ <
N . N . A7
~

-"“V .- N C_2/

"Two investigations of the dggree of reliability or inter-rater agree-

ment which may be expected in,fhe use of the instrument with studies on LA
. elementary school mathematics have been reported by Suydam (1968a, 1968b). "
R / - :

. . / i a1 s . .

In one stud%;/;nter—rat r reliability was found to be .91 (Anmalysis of/

- pd * . . /]
Variance re)}iability formula). (The coefficient estimates the correlation

between the combined ratings of the judges in the study and the combined -

/

S ,tating§ of another hypé;hetical random sample of judges taken from the

same /population and rating the same articles.) The coefficient of relia-
LR

*

bility’which provides a méasure of the consistency probable with a single

rater using the instrument was .77 (énedecor's formula). In a second studv,
. with a more diverse pcﬁﬁlation of judges, the inéer—rater reliability

wés EQUnd to be .94; whilé the consistency level was .57. In another

aqélysis of the reliability of the instrument when used with reports of

research on oral reading, Spire (1974) obtained an inter—raQef reliability

of .72 (Z-test).”

(3

It must be recongized that the instrument has limitations. It is par-

tially subjective, and use of it demands some background in methodology

~
~

and statistics, as well as in the subject matter field. [For a fuller
critique, see Romberg (1970).] MHowever, use of the instrument is more

reliabie for more people than is a list of suggestions--and cerfainly

better than merely reading a research repcrt without any criteria. A few
possibilities for plausible use of the instrument are:

(1) In manyv reviews of the literature, every study seems to be

considered as good as any other--and this is not true. Such

I

reviews could and should reflect careful evaluation. The instru-

, ment will aid in directing attention to those studies dome in

the past whose findings may be most applicable or most questionable.

(2) Use of the instrument can help researchers to iuentify studies

o | 16
ERIC -

Aruitoxt provided by Eic:




done so poorly that replication with 1ncreased precision is

h .o
v,

EN

needed. /

/
/

(3 The instrument seems to be plausible as aguide for evaluative

/

plannlng of research as well as evaluative reading of research. .
(4) The reéearcher should find the instrument valuable in writlng

reporté,of'reséarch, using it as a guide to completeness of
/détal informafion to include.

Joﬁnston and Burns (1970) concur with such points in their discu551on

of the nine points of the: 1nstrument.

k3
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‘ Instrument £0r Evaluating Experimental Rescarch Reports
H .
»
| Marilyn N. Suydam
The Pennsylvania State University .
e

How practically or theoretlcallx significant is the probl

~.

é:%\\

(1-2-3-4-5)

©

a. Purposa

b )

LN

Proolcm origi

i
l
!
|
n

1) Rationale !

2) Previous research

How clearly defined is the-problem?

a.
‘b.

c.
d.

Question

.Hypothesis(es),

Indepéhdenfrvariable(s)
Dependent variable(s)

\

(important---non-important)

(logical---illogical) |
(appropriate---inappropriate)

(1-2-3-4-5)

——

(operational---vague)

(logical--+illogical)
‘(relevant-~--irrelevant)
(operational--~yague)
(relevant-~-~-irrelevant)

How well dees the design answer the research questior?

(1-

a.
b.
c.

d.

e.

2-3-4-5)

Paradigm

_Hypothesis(es)

Procedures
Treatments

Duration

.

‘ (relevant--~irrelevant)

/

AN

(appropriate--~inappropriate)

{clear---unclear)

- (testable-~-~untestable)

(rénl;cable---unreplicable)

(appr

priate~---inappropriate)

(appropriate---inappropriate)

How ~dequately does the design control variables?

a.
b.

o e

8.

Independent variable(s)
Administration of treatment
Teacher or group factors

Halo effect
Extraneous factors
Individual factors

. Subjeat .or experimenter bias

(uncontaminated-~-~-contaminated)
(rigorous---unrigorous)

(cenireiled---uncontrolled)
(controlled~--~-uncontrolled)
{controlled-~~-uncontrolled)
(controlled--~uncontrolled)’
(control]ed—-~uncontr011ed)

How pr per]j is the sample selected for Lhe design and purpose

of

a.
b.

C.

t..c research’

Population
Drawing of sample

(1-2-3-4-5)

Assignment of treatment

//Zapproﬁriate---inappropriate)
(random--~-unspecified)
_{random---unspecified)

(1-2-3-4-5)

o




A

K

"d.. Size ’ (3{propriate---inappropriate)

e. Characteristiés (appropriate--~-inappropriate)

How valid and'relizble are the measuring instruments or observa-
tional techniques? (1-2-3-4-5) / i

a." Instrument o1 technique
1) Description - - ' (excellent---poor)
-2) Validity (appropriate~-~-inappropriate)
3) Reliability for population  (excellent---poor)

b. Procedure of data collection (careful-~-careless)

o valid are the téchniques of analysis of data? (1-2-3-4-5)

a." Statistical tests
1) Basic assuinptions
.2) Relation to design
b. Data
1) Treatment
2) Presentaticn
3) Level of significance
/

(satisfied-;-unclcar)
(appropriate---inappropriate)

(appropriate--~indppropriate)

(clear~--unclear)

(appropriate---inappropriate)
/ (specified-~-unspecified)

4) Discussjon (accurate--~inaccurate)

How appropri%te are the interpretations and generalizations frem

the data? (1-2-3-4-3) ° . -

.

”

a. Consistency with results
b. Generalizations

‘c. Implications

d. Limitvations

(excellent---poor)
(reasonable~--exaggerated)
‘(reasonable~--exaggerated)
(noted---not noted)

Hov adequatelv is the research reported? (1-2~3-4-5)

-

a.. Organization (excellent---poor)

"b. Style (clear~-~vague) .
c. Grammar (good---poor)
d. Completencss (exccllent~--poor)

e {replicable~-~unreplirable)




' APPENDIX D
' / - TREATMENT DESCRIPTION INVENTORY s

PN ameT T oa kg

Refgre?éé:

/
{

/ - — ‘
A _
/ | o .

L Aaa———
Research | | Research review

" Non-research

. . . . . Theoretical analysis
Data detail: M 11ittle ] much .

]
f ]
L

!
;o . Position paper |
-/ Re+-analysis: L¢"7possibly | ino -
/ , N { ! Teaching idea ‘1
. . . ;
S .i. Math. content/concept: ___ Notes: .
/ . - \ -
4
- . ‘ \
2. Grade level: Age: . o,
> /’
3. Theovetical basis: [::]no E:] yes
Reference: . o
4. Characteristics ot sample: Title I - yes [::] nol l SES level
cultural factors
aehievemgnt expectation . )
geographic region . urban [::] rural [::]
5. Time: fot entire study - weeks days minutes/day !
for treatment - weeks days minutes/day
3} (material-use phase) .
for testing - pre post retention
6. Special time factors:
7. Sequence placement of activity:, iinitial | | development rr—gpractice
8. Use of symbols: [::]initial [ | throughout ~__ final culmination
9. Social interaction: ! !1arge class | ¢ groups l t individuals | | isolated




ERI

.
Aruitoxt provided by Eic:

10. -Materials used: J [
v
.- . e . - - i
Generality of use: high — low
11, Variabilitv: number of different examples or explanations
~ . number of different materials .
12.-Manipulative level:
a. Level’ of access:: [-1 remote demonstration ’
o | —] cooperative demonstration- ’ .
, E::] large group action
[1 small group action
[T individual
b. Type of use: [ [ object manipulation
I“ i object study
! [ picture study : .
1 situation-object study ‘
(1 object-symbol progression -~ -
E:j paper-pencil nrogression -
.-
c. 'hy manipulated: [ 75 game (3 puzzle (] experiment (7] procedure
“13. Guidance: highly i . ' moderately ; minimally free ‘
; varving . : . .
i structured i structured : structuredi exploration
a. Teacher: ! [ ] ! ] 1 % 1 L '
R A ' ; f i
b, Material:i [ ] R (] L [ ,
~\ ' ~ ' )
c. Rules: L__‘arbitrary | ] material-determined [ | non-relevant
. = \
14. Cost of materials: commercial - l !high | imoderate | llow
non-commercial - [::]high g lmoderate ' " 1ow
. 3
15. Special classroom facilities: !
: i
T T o T . . ,l ':‘
e —. - [‘
16. Teacher training: { | experimenter [ _1special { Jreraining [] | minimal
taught sessions ~-materials |
. , !
17. Extra staffing: [__Jno [ |yes, . . ] . j
. ! L
18. Total cost of implementation: fjf}high [:I]:mcdorate\ “L_;I}ow,j ( f
P . ’ N \\ * \ ) ) : [ ‘. ’
19. Correlation with educational prograw: O . v , . :i}
. ¥ [ /
N ‘
; \ !




i Ne, ; ) o D-3
: - Part IL.- Study Description Inventory . Number:
: )
: 1. Purpose of study: .
: 4
; i i

i ' : - 0
fi 2. Type of study: [::] experiment [::] ex nost facto | ] action 1 !case study \ R
‘., « . - Y .

| ! survey Comments: . !
3. Sample size: total ~ classes "students . .- >
' per grdup ) . e s '
: 4. Sampling procedures: [:] selected [ }randomﬁl lunspecified
. ot . °
‘ z ’ . I, R
%w. ,5. Variables: |independent: - .
b ) .
: dependent: -
- tests/measures tsed: ) 7

\ ' controll?d:' ,

6. Statistical procedures: . }
|
|

- : 5 |

7. Procedures: - i

i LA
1 . ,

1 B

! 8 Fiﬁdiﬁﬁs: ) -
Lot - .
: - /
i P (-/'
. , ) i
i
'\E N
\ Ve ;
I — :
: 9, Prediction: discuss -|~—1 definitely | [ probably
f « L
\ ; cite - i [definitely f I'probab]y
N \) ] ~ iy
- L7
ERIC

P v !

L
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£ ‘- . ~ = AN .
:; - . V¢ ' M\,‘:
D [ . -~ L L " APPENDIX E :
‘;_\ o L ! -‘{,'\‘. < . “* * CARN
i /r t ot * DATA FROM STUDIES ON TABI,E; 2 tT
i / : b o &) ”
b ! b x ‘x N == ’ " 7 ";
E " Study by Adderson, 1958 ek " -
- : o/ - - o ) e
| . - . N i -, .
e / ' . ':4‘ <~ . .
z 'g-‘ / ’ Test " Data: Means t-test D
; N / : . AR ; . )
: w7 Progress Test T Faterials Control X
(experimenter- N - 3
constructed) > 7 26.43 26.67 5
40 items oo ’ N \: )
r = .87 (KR) “:, . . “
/I' .Nj ~ _ ;-‘ . (=N .
] : T ~ ; "
/ " Surfaces Test ' ..)% Y N -
o A 4, LTS ' . .
. / 30 items . - i S
o r= .87 } . 28.47 27.70 1.15 n.s. #
1 ” .
/ ' Solids and Right .
Angles Test * ‘4
- i -
. . 26, items i
g r=.8 - . |
) (both experimen- i ) .
ter-constructed)
R ’ |
: Retention Test N ;
. (experimenter- T |
) constructed) 11.25 10.68 1.42 n.s. 1
28 items ;
r = .89 . . |
e 174 |
, . . ' e J
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. - Study by Babb, 1976 oxh »
] E——— , o o - :
v N . o a ; .
- Test .. Data: Gain score AR
SR} "
N . " k] i . + ’ A; - L2
e - ) Materials ‘Imagery Text F
/ ) £ . . 'I "
- Recall of * S ' ;
basic facts S e - 89.17 70.26 78.56 4.86
o (6 versions of T v
P e *
* Stanford X A .
¢ w  -Diagnostic * - , -
. &~
. Arithmetic Test) s . .
L . 4
. 40 items ‘ s ? .
R 3
r =‘: 090 » .
. ¥ )
* ® - ! " I

- o ‘ ‘ v
Sum of scores onﬁsltests during treatment minus initial test score,
after adjusting with covariate of score on Metropolitan Achievement Test.

PR .- S 4 - e i

* .. . .
* M-1 is significant, T-M is not (p. 71).
_ | |
. - ]_“‘i, .
|
FRIC ’
: WJ:EEE ' ‘ J
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‘Study by Bisio, 1971
: . s 2
sap Test
N ‘Posttest in

Fractions
‘ (experimenter-
P . constructed)

»

Data: Comparisons of means

\

East
school

‘West

achonl

2t

»”

Use

" Passive
.. use

Non-use

19.21

19.34

19.87

19.64

17.60

)

17.41

'20.13

19.41

19.46

19.32

20.84

22.22

t-test

1.85
.378

1.79,

. 766

- |
) 27 items:
1 ¥
{

=

-

€~ -

-~




“Study by Bledsde
‘Efeét )
‘Skills in
metic Test

Bas’

'
[eX
=3

ef 41., 1974

. Y

. Data: “Adju

.

Mgterialg

Th AT S ST, w0 o Fs i o g p ot P > S Ta e Lt
A g
- kS - &
L
Z o .\
» N ¥ *
- s
- -, -
= - -
e - - <
= " < -
% 4 5

sted means (Covariance: prétest),- F ratio

Paper—pencil

"

—

- - . . e +
- Posttest . 36.70 29.19 27.39 .001
Sl - \ .
S P ‘ . . -
Reténtion test 30.88 26.28 ¢ ‘. 63.50 .001
& o -
o x| ‘
. EN
. - . -
-~ . 1 ’
, s v !
- ” - }
1 - H
- N ’ !
i
N . , . )
. . i
1) ’ '
t ‘ t -
et 5
¢ . : Q .
N > L
. 3 A " ]
3 * - 1- (1
e (\ ," °, . . > -
L .";‘ - ‘ z » . l z
. o’:‘\ £ 4
. ’ £ ’ 4 @ "3‘
9 o
. ) P -~ ¢ .
T gy s e. e 2
. ‘it‘ ‘;.1 l\) . s ’; . « i R ) ) o ¢ g . 3 - -




by Bolduc. 1970

Test Data: - Means

" Experimenter— Ditect Indirect

F ratio

Verbal

. constructed test
-3 - 2.97

. oo 3.19
12 items o

2.03

175

o r= .65 (KR) ] _
. A RS
S . . ,

I e v :
7o !
,‘l,-'

3
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Study by Bring, 1972 ' o o
. olss T
Test i Data: Means - t-test p
Posttest I h Materials " Goatrol B y
(Experimenter- . : e
. constructed) 21.94 19.92 1.42 01<p< 05
_——— . . T ..’ . . . /
16 items AL S ‘ e
. . - - -~ . . /// ‘/
r = .85.(KR) -
Posttest IT,
(Experimenter- - :
constructed) . 25.02 20.79 2.82 7005
N ’ ~
. . oo
. ' R :
17y
LT ' :
: El{[lc : \ - ' ' .
L. L C ' . . ' | :
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o Si:udv by Browm, 1973

Test Data: Means °
- * . Text+£film
. . / Text-only Text+film Text+mat. +mat.
California -Test ] B
of Basic’ Skills 30.79 -7 “735.17 39.81 36.67
. Test- of Basic -
Ariﬁﬁmetic Skills 18.53 20.13 19.92 20.11
(needed to under- ’
stand. concepts .
in £ilm) .
24 items -
‘ Experimenter-
, constructed test
30 items T
) Pretest 7.80 8.04 9.38 8.18
Posttest 9.01 11.92 12:82  .r13.91
» . < e !: K \' .
Mean gain" 1.21 3.88 - 3.44 5.73
Effectiveness index .0546 .1873 .2156 .2597

-y

No significancelevels were reported by the researcher.

‘
o
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ﬁ&é;j§§:0arhéz, 1973 S .

:'It'ést' . . Data: Mean gains - )
. Fraétions Kte's_t,' Materials Field axioms
~ . by Fincher N o
(1963) . - IQ 108 16.880 - 26.875

N

S © 1Q 96-108 10.230 - 19,980

1Q 967 - 10.940 13.555 y

TS RN e e ey
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Aruitoxt provided by Eic:

\ o= a ¥~ i’ OB S
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— S T o - . - \\ N )
Study by Coltharp, 1969 - - - : - ,
‘Test. ..z : Data: Means _ ., ... . t-test p_
TN e - T e . 5
. Achiévement test’ Concrete . Abstrac : ‘
. (experimenter- S , . : ‘ C
. constructed) 28.30 27.5& G.57 n.s::
- ) . - \\ N
Lt : . T~
/ ~
- P //
B — S -
V \\\\\ ©
. - Cow
-):-*'
< el
. e
ot )
/




. R i‘ .
C
! Study.by Cook et;al., 1968 .

. \
. \
Test Data: ‘Means

\

- L P ¢ Text ‘ TV - TV+texF Materials

4

/

Teacher- , . : ) ‘
constructed test 87.83 82.78 88.17 88.47

- 3

\
- T ¢

Rk
Metropolitan
LA Readiness Test ' 16.21 16.52 15.85  15.51
(used as covariate)

' .

CECEA DA
o

fact Ny
%

3

»

- s

»
hY

)

.
\"—-‘
s
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Study by Davidson, 1973 -
"Test,\y ) Data: Mean gain in months
&\{an Test.- of Materials Control
Educational Grade
‘Achievement —_—
===~ = (Arithmetic 3 !t
Concepts section). av/lo IQ 5.05 7.58
.3 ' .
- hi "IQ 3.86 7.74
“ i ~4 .
av/1p”1Q 7.62 7.88
A .
hi IQ 8.04 7.74
- ‘ -

[

T

ey

Note: . Significant differences were found on conservation tests.
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/ - ¢ Test

Study by Dunlap et al, 1971

.
Data: Means - /
R .
Compiehensive Test Materials Text
of Basic Skills: R iR
. Arithmetic, Form Ol \
Computational pre 3541 36.71
Skills Su?test post 42 .42 43.71
" Knowledge of pte . 15,53 16.81
- - Y N . .‘3‘ N o
Concepts Subtest post 17.51 1850 .
ﬁpplications pre 10.33 10.55
Subtest post 10.90 11.47
Total pre 61.27 _64.07
: post £ 70.83 73.69
/ .
' Arithmetic |
Achievement Test
(experimenter-— )
constructed) posttest .
Manipulation il.01 10.26
,Computation. 18.31 21.41
. - Applications 1.72 1.57
)
. Total iy 31.04 33.24
L4

Ly
s
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. Study. by Earhart, 1964 . - )
# ) }g“ﬁ» ¢ . 3 2 . L. .

v

‘Test " Data: Grade level equivalent$ t-test
wo - : - -
. %, M - . » -
. . -California- Materials | Control -
Aqgéhiéveﬁent Test, '
* <Upper Brimary

‘

Reasoning T g, 4.27 . 1.95 1

"4 Fundamentals b.16 " 3.84 - -5.82

i~
P
(%3

ey
.
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.
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Study by Macy, 1957

Test - Data: Means
Inyéntory of : Materials - Control
Mathematical - ,
Concepts (NYC) ) o
for Grade 3 (pré) 29.2 29.0
50 items : .
r = .94 (KR) A
for Grade 4 (post) 30.2 34.6 1.43
.56 items
r.= .929 (KR)" «
* Teacher-made tests: /e
‘Calendar (19 items) 13.4 14.7 )
Addition facts (81) 1.4 69.4
Subtraction facts (61) 61.8 58.7 '
* Measures (13) 10.9 11.4
Decimal system, iV
_"fractions a”n 12.6 13.0
Place value (13) 9.4 10.3
‘Fractidns (8) 5.3 6.1 [
Problems (10), 4.8 6.5 ‘
Total 23.7 23.8
‘ TIsE
— [ -
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o4 Study by MoMillian, 1973 ¢ : Ce Ty
% . : ,

.
- . i N : . e . . . ;
"Tes - 5 3 . T —-tes - . Toagy
oo, lestr %L .. . Datai Meams . . . v L-test —L
ﬁ"- ,‘ . :..l N B - i "-wc kS -’ T /; Yy ) . L (34 v T?
X .. Learning testr Materials. | tControl .l . P N e
T . T . . . ——————— _— 0 i . RS
o N (experimenter- . - N R
. ~ e Tl ’ . ” . Y . - - ¢ . P \"‘5“.
oh L. weonstigcted) v 3312 36.19 - oRAT e sy
€ %L 59 items - o S : ERR
P L . . L A LY
Aﬂ:\ ¢ * B ~ i M R ” N ..: . ,. F]
: . » » i - T
P - * » Transfer test T @ ’ e :
B (experimenter~ - ) .
L - constructed) : Y 3.40 ! 5.28 ©o--+7 21,35
s 2 o Ve o : ."M !
v » L N - : Toe \ o . [
. : C c. - oo . o i
" . . © . A "“

' ' ; . N ' ' b . o s
Retention test / B . .

| " ~ (experimenter- , . .

: N constructed) . 29.85 . 30.15 . 0.15 )

N -
] \ - «r P
- -1n i4
- <
- & r T e ’\‘\ kS
" ’ i » . L
R : -
N [ . - 2 B

1 M . 'x
' - » A . ?
. T ; - oA

y -2
o - : N ¥
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A « ‘ * g' .
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" MICROCORY RESOLUNLION TEST LHART
NATONAL RUPLAIL O LTANDARD 1o o A
. QO

Aruitoxt provided by Eic:







“Datas- Means — > p o
’ Materlalsf ,,: e o ) i
; 3 -~ - ) s )
S G50
. POSE 40780 L0F . '
retention - 42:68 : 01 i
- prespest T . o T
: , __g_lfference 19.40, . .01 .
; : . - i post-reten= . ° Y 5 . “
; ' “rion diff. 1.76 - or I
o pré “oakas . e FSBE . - 0% R
post 19.36 429.56 - . .0L -
, retention 16.26 544,00 .OL
. © -coviriance: pre=post’ P B - ., R
) - difference 22.97 4,64 - .711.88. . ~s0L
f - - 7 - . - ' &
S | post—reten— ST o . » -
) | _tion diff 0:74 - =2.89 26:.80 - L0X o
7oz e P R
Pl NOTE: |, Se parate covarlance is also shown for pupils whose IQ is less than 105 :
2/; s \‘Tfends a the same as above. , . y T
L LG S :
- . ’ - ) N * ’ :
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7 Study. by Nickel, 1971 ' o . - , - .
S a0 T - < - .oz R . . . o -t
7 .“J/‘ ; * - _ B " ' ‘ - ) . ) . ) ) ".' .
..o Zee 7 Datd: Meabs : - ‘ S Qo
’ ‘Starford Achieve- - Materials .Verbal Control d ) ' v :

S -Arithmetic i — ’

&0
= P

: S N Tukey. test: -
7. Form X, posttest 14,43 11.41 .. 13.16

[V

- Applications. I -

; Ay - Ay = -1.94 ws, e

.. .7 ¢--ment Test:' T A3 Ay S - T

B i ‘ o g 5 ' A3 —Ar= ~1f;4fl T oms. .
;o ' : S At Ar= 3.35 LI P
T L R . SRR - Az - Ay 3.35‘. ,]20 ) i .
. o -~ - -' . - . -
) ' . Form. W, retention 14.59 -14.86- 13.96 . ‘F=0.082 n.s.
S - ‘ . i 7 » ) iﬁ
- N - - - . ]
- ) | g B (o -
. . - N .
- f,! "’ - N
- ¥ ‘, g Lo ¥ ,’
v — . - ,
- : . ' o ‘
¢ ‘ . . ~ ) .
. : < ’. . . . ,. . - [ l 9 .{ . . ) i - N . ' ' ‘ . .9’ | f
e o - ' [/ -
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Study by/J Smith 1974 T

T o - LR

,

~

" Data: Meaplgains
EECrY - / - - - —

Multimodel

- Applying with
& ]
integ rs.

Ve
§

_ - 0000
R . 0000-

RS ire.
L S r‘ghﬁ triangle

- : ~paral}elogram
triaagle -
- trapezoi d

.0000,

Applyl?g with ,: {”.” :,
-rational numbers.’:‘- &
wasquat Sithas o S

'right %ngle”“*‘ i

paralle;;gram ,
¥

~ triangl
.o trapezoi

1.2500 °

20000-

‘\jhiﬁédél

+1538.
«1499:

52000

0000

02221 . NS,

.5384 ’ “nfé; .0077

'1.5999 . . . s.J

4286 % ’ n So

. - :5384: s,
3 : I
-~ . o o

23704 ., nus.

.3077 . NS

8000 4N " ufe,
,ﬁm;¢¢g82857 \\\ Hr heSy
ﬁ$ﬁ“"‘38ﬁﬁu‘ n.s.

< .
- .- . T
<

&
¢
z
Y
4 o
:
-y

.0259

g
e T
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N f'I')aEZa“i\ Between-groups F‘ ratios g

Individual Arith- - Ff:e," ’ 52156:§t—~ -

. metié chievement- .o LT
Total test: o <L . 2477 o e L0k

.

(‘gvento ’
. ages912) L e L . Y A

Applicatidesr <1 -1

: -

, : - Operationsy - £d se74 /.01 1 - L.
- ’ 99‘it_ems L T / L ; ) e - ; 5\ - - % .
T Contehtss~ . 2:8 ~ 5678~ . .0k - | ' ,

\ - o Py R ‘ b - ‘ : ! .

- Individual Ariths ) i p L : o R A ‘

etic Test for - ¢ y N A : o ' o

Total -test: - - 355 ness - . : R A

Applicationst <17 . 2234 s,

O%éf‘at'iqﬁfé‘f‘:» ".1.68 LY © ' nes.
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O " ‘Studv by T’fasl;,{ 1973

g R Test ‘ Data:- Means

kY

L, . . -Computation tést Materials. ~  Symbolic - , S . - '

i Y o (Experiménter- T S . . . ‘ , ! . 5
A oo . constructed) ;164,90 . 16.14 .765 s, &t ‘
A T < T A : N
. : . - 24 items- : - : . . o - . ) o
i : o . r = .8048 (KR) . ' v “ : - .o :
- . . _ - , . ]’ - . * . . + - ' - ) R "

. - . . ) o — - e
P : ©- ' - . / S i . - - T .
S . - © R = = v - - - P e :
L o R ~ Application test ’ ‘ ! ' - . R o i L
5.0 S o s (Extperimenter= L ) v ' . . ) Ptk
F B ‘ : constructed) T 6.73 7.14 405 n.s. R ’ . ' _
7 : ' o - - / . R ‘ o L
T 16 items . - , . / - o
. o ¢ . ‘ , . “ I . . . . . . r‘;j o
: o ‘ r= ;9061 (KR) - . ! . : \ . . N T A
- S - . . S : : o
B 3 = -~ I . > ’ -
i R . W] 3 -

¢ .
i . -
o - L ' . N . P '/ ) o 7 =
/] , . l . ¢ - P .
&t é/ . . . . . L £ :
T - . .

— 1 O ~ - 4
Do H b - _ i = = = .
B N 1*’)’ : . ) - ' . . Ve -
PR 4 e Total test .,21.63 23.14 .580 n.s. P
C‘FL"“ . § el PR - . - L . . ) . ~ N R
: : . 40 items® - o e : - :
: N . . . ; , 8
: A ' L. . R
) ° . . e
‘ . _ r = .8923 (KR) ) ( e e Vs .
:' L - ’ . ’ . . ‘} ) ’ " - )
- S ? . : “ v ¢
. HEN . e . ‘ t /
§ - X ,
+ ¢ % 4 ‘.{L g P ;v — - . .
B P - e L ’
P . e 2 y * . ) N .
. > . . o L ' - :
y, AN ’ = ‘ ,
N 7 - . ¥ / . , . ¢

e Q - - . : : ot . . .
N - ‘. . - 5 . R R .
|- OEmmem , C . : ! - - . "

e i

.
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_Study by-Weber; 1970. - A

.
.
-

Test - .~ Data:
o i . » ]

Metropolitan . °  Means. (pre) Materdals “Paper-pencil ‘ ‘ S

Reddiness Tese~ . . = \ 4 N T o
" Arithmetié¢ . - -Mid SES, 44:,02 Y BNV S . N o L
v LU 7 ) . .. . . P
-~ . * qu ‘SES » '« 48‘::476 . '443 86‘ M . ) ) T N ’,,«, . ’
, ¢ R B 37, . N : .

N Meén ‘dif- - \, l?v' \ ¢ —— P Lo \‘__“:‘\ s

ferences - _ . - : c T

o . ,'(p;é+QQStX . ~°_ .Methods, .492° Ty -

1 N, "\ - . . aRa: 025 - 7 ’ .

c . Mid\SES 2,78 . 2.4s/ SES, (025 7 n.s. :
) a Y o o A Interést, .003 * - C
e . /Low SES .  2.82 ' 2.5 s . . , T

-l . . \\ . . * * . v 7 v N . N - , - N

R , e B 1 . - o

. . ”:I \ . . N . ;, ) a ["13(} )

PS AN ; x 2 . A% I

o e \ IS

= - ~ s 7 Y H o = ] A ]
‘Oral Teét/gf : number S N . . ; R
~ Understanding., - corréct 901. 656 .. : . ) . v
(interview). N . - - . T ) ; R -
. . S s e ﬁumyer ' ) ° . . . oy [ - - -
B g :’ ’ . & -- inc?rrect 155 : 301 - N €\§ .- L‘ R ,
e L . FR B : A - Yo * / R " IS s

] 5 . : , percent ’ . . Chi square = i o o
o . . . . correct: .853 * <685 - 80,6233 oo .00y Cea
* S . - - [ LY
t . . percent \ . ' o . ’ | o ,
b oo incorrect ' . 147 . . .31 : Co el
a h N co y ¢ P ’ ’ . ¢ 2 ’( ’ ’ ' ) . , . . - * +

2
] ! .o:’ .
- () \ ' | ' 1 b .
1 - - - .
v . A
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