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ABSTRACT e __

In this brxef revxew, research on vary:ag types of

1nstructxonal meter1als is summarized. The evidence indicates that
the texthook 1s the mbst wzdely used 1nstruct16nal material, and few

achievement; an& appear to_ Ee ‘essential in_ provxazng a firm

foundation for developing mathematical ideas. While textbooks_ an&,,,,

tests shape the curriculum, stud’es indicate that the match of topics

between the two cannot be taken for granted. While most children &t

all grade levels have access to or own calculators, few teachers
actually use them in the mathematics classroom. Nevertheless,
achievement scores are as high or higher when calcuiators are used

for mathematics instruction as when _they are not used. The usefulness
of computers is accepted; but the task of - 1ntegrat1ng them into the-

curriculum hus_just started. Each of the findings is discussed, with
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illustrative references cited. (MNS)
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O Research lnstructro I Matenals for Mathematics

Textbooks and tests predommate
Amount of Use

- Research evrdence. gamered from observrng teachers and

class'rooms and from- asking teachers;- indicates- that most
teachers use one-instructional material: the- - textbook (e.g.,

Weiss, 1978). in a survey. by Scott (1983}; few teachers in
one district reported using any other materials more than
five times a year. :

. Furthermore, the use of . non‘textbook matenals pea&s in
gradei -and the -percentage decreases -as -grade-level-in-

creases. By the intermediate grades, few teachers use other

materials; and by grade 7 the:percentage is practically zero.
-And-yet teachers respond-to questionnaires in ways that

indicate that they believe that the use of manipulative ma-
terials is |mportant' .

Manipulative Materials )
The evrdence on the value of the use of mampulatuve

mcreaslng achievement, and appear to be essential in’ pro-

viding a firm foundation for developing mathematical ideas.
Suydam and Higgins {(1977) reported from an analysis-of a

large number of studles that lessons using. manrpulatwe

mathematrcal achrevement than do Iessons in Wthh such
materials are-not used. This appears to be true- across a
variety of mathematics topics,-at every grade level,-at every

achievementlevel; at every abrlrty level. Later research (e:
g Canny; 1984} continues -to: provide support for_this find-
ing.-Stanley(1984) stated-that “mathematics materials and

practices played a sxgmfrcant role in the |mproved student
achievement: that--occurred" in- his comparison-of more-ef-

fective and less effective-schools. In scores of other articies,

the- need to develop mathematical ideas with matenals is
underlined. - ————— - -

-1t appears possrbh that havmg chrldren mampulate ma-
terials themselves may not be -necessary for some topics.
Watching-the feacher-use materials-in-a demonstration mode
was sometimes: at least as effective: may be that at times
it is easier to direct children's -attention to important points
when the teacher is-in contro! of the materials.———— - —.

- Many of the studies provide at least partial support for

the-use of materials in stages-progressing from concrete

to pictorial-to abstract or  symbolic.. The use -of.either. or

bothphyslcal end prctonal ards results in srgmﬁcantly higher
velopmental ievel of the learner needs to be considered, but
there is evidence that students:-can profit from the use_of
materials for many topics-right through- senior-high school.

The material needs to fi t the mathematlcal idea — and the
learner's needs. - -
Varymglevels of cogmtwede»elepmentexrst in an}class-

room:-Most elementary school gupils; and- mary secondary
sd‘-ool students, cea! well only with symbols that are closely
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tred to their parr‘epttons Thus. they need to see concretely
that 2/3 of 2/3 is 4/9, not just move numerals. Moreover,

a major reason for patterns of errors in using paper-anrc-
béi'ibll brot:édurés rs that rnamp'unatwé matérrals aré aba'n':

by the leamer
- Manipulative matenals must be. used at tr'e nght nmeand
m the right-way if they-ara-to- be eifective {(e.g..-See-Clay.

1985). Materials must be selected with the mathematical
purpose clearly in mind.-Children's attention-must be focused
on the objective,- and-they must- beencouraged {o- “think

along" as they use materials. The steps in the progression
from use of materials to-use of symbols-must be linked.
with- meaning-developed through bridging from-concrete-to

abstract. Thus, manipuiatives are used to ‘‘mirror’’ or model
what is done with symbols; and discussion on how manip-
ulatives relate-to. symbols must be encouraged. As Campbell

indicated; 'Young children have differing.interpretations of
pictures--and -may -hot- perceive- the- mathematical -relation-

ships which are depicted. The transfer from concrete objects
to pictures and from pictures to numerals must be tau:ght;
it cannot be assumed’ (1984:16).

Textbooks and Tcsts -
__There is little doubt. thal textbooksandtests shage the

curriculum. Freeman et al. (1983) analyzed the extent to
which the-same topics-are emphasized in four textbooks
and- five- standardized- tests-for grade 4. All materrals dealt

with. computation -and ‘geometry, but there_the similarities
ended.- Of 385 topics identified in-the materials, only 9-were

common toall tests; while 19 weare represented in all four

textbooks. (it is: important to_note. however; that this set
of -common--topics received- a - great-deal of attention —

approximately 50%_, to 60% of the textbooks: ) Gnly six topics

were emphasrze m,all four textbooks and on all flve tests

desrgn of standardized tests make it unreasonable to expect

a-one-to-one correspondence between content- covered-in
textbooks and tests’ (p. 508)..Tests include only 2 sample
of the content However the toprcs ’tested y.ere not alwavs

‘‘suggest that drversrty rather than consensus is Irkely to
charactenze the mathematxcs curncuja (p 51 1) Furthnr-

and content tested standardrzed tests underestl-nate stu-

dent achaéVéméht (p 511) Thus any companson or s:m-

achrevement tests must consrderihe mat"h between content
taught- and -content -tested” {p. 512).

- These findings are supported by other studres, for in-
stance. Rogers {1981) compared one state's minimum com-
petenicy-ol ives andperlormance indicators to the content
of two textbook series for grade 3-8. Twelve performance
indicators. received: no textbook instruction, and many in-
dicators-received-little practice.—-—— —- -—

Surprrsmgly. there is little evxdence on how textbooks are
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terviews. observatnons and guestlonnarres ot teachers ef

geomatry-and second-year algebra. They used. special fea-
tures_of the textbook infrequently. The: textbook was never-
theless followed very closely. and teachers rarely presented

topics not.in the textbook: The major objective tended to
be to complete:the exercises: at_the end of each -section.
Thus - mathematics, - Brown- states. “‘was- resolved- into- a

sterile sequence of homework-discussion-naw hcmework.”

How students learn from-textbooks has -also rarely been
explored Neves (1982) used a computer program.to analyze

examples in an algebra textbook, developing conjectures
and demonstrating how-it is possible to-go from-novice-to

expert-vehavior-through -experience with examples; how

examples with skipped steps can be learned:from:- how it
is possible to learn from examples -embedded -iri-other ex-

amples;-and-s0 on, This type of computer technique may

prove helpful in the development; as well as the analysis;
of curricular materials.

Caloulators
—-National- assessment data mdncate that most chldren at

all grade levels have access to, or own, calculators. While
many -teachers -indicate that they believe that calculators
should be-used-in-schools,-far fewer actually use them (Reys

et al;; 1980). Moreover, the arguments that have persisted
since the mid-1970s; when caleulators -first-becarme viable

for-use in-schools as -prices dropped, are still with us. Many

people are_still -afraid. that-calculator use will-mean loss of

p’aber-a'nd-p'ehcll computation skills thowever little those are

actually used. in real life). . -
ever 150 studles on the effects of calculator use were

had one goal to ascertam whether usmg calculators would
harm students’_matheratical achievement. in all but a few
instances,-achievement scores-were-as l'ngh or higher when

calculators were used for mathematics instruction as when

they were not used. Hembree {1985), reviewing 79-studies,

confirmed-that (except-at one grade lgvel) use of calculators

improved students’ basic skills with paper and pencil. More-
over; better attitudes toward -mathematics-and-an especially
better_self-concept in. mathematics. were found: .

- it -has also -been found that calculators are partlcularly
helpful- in teaching - many mathematical ideas. Problem-solv-

ing -achievement, for instance. is enhanced, and different
strategtes and: solutron methods are used The calculator

in developmg counting, computatlon. estumat|0n and other
matematical skills.

Computers e

Computers have been used m schools since the 19605

but of course -attention today is focused on.the use of

microcomputers. Surveys indicate that-microcomputers are
found -in--well- over -half of our-schools, -and-their use in

mathematics classes accounts for a Iarge proportlon of thelr

ematics — and most mathematics educators — taklng the
position that no longer-should the mathematics teacher-be
largely concerned with teaching cormputer-programming and

computer literacy. We know from research:that computers
can be used effectively for problem solving, drill and-practice.
tutorial - instruction- (CAl), -management, games, program-
ming; and simulations: The focus for mathematics teachers

is now. on ways ’o mcorporate comouter appllcatmns more
meaningfully into mathematics instruction. . -
---The-impact-on-the curriculum- and-on- insruction_of. tech-

nological tools has yet to be feit. Moveover, concern has -

increased about the role of textbooks and tests. Togethm

s0- that _the - mathematics currlculum can keep pace wnth

changing societai needs, is the concern of several groups,
most notably the National Council of -Teachers -of- Mathe-

matics and the Association for Supervision and Curriculum

Developmenit: _
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