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RBSTRACT

Tnils paper :ieports on the answers indicated by
research studies to six questions concerniag instructional planning.
(1) #hen should we bHegin systematic irnstruction? Answer: Grade one or
kindergarten. (2) Houw should the content be organized? Answer: A
structured sequential develonment incorporating activities. (3) How
should schools be organized? Answer: %o conclusions. (4) Does
Indi,idually Prescribed Instruction increase ackievement? Answer: WNo
conclusion. (5) What benzfits come from meaningful instruction?
Answer: Greater r=tention and transfer, increased independence. (6)
What benefits come from modern programs? Answer: No conclusions. (ES)
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Using Research: A Key to Eiementary School Mathematics

PLANNING FOR INSTRUCTION

Js there research to guide us in deciding . . .

. « o When to
begin
systematic
instruction?

e« « « hw tc
organize

the content

for instrnction?

e « « how to
organize
schcois

for instruction?

There is general agreement today that we will begin to
teach mathematics systematically in grade 1, if not in
kindergarten, since it has been shown that children can
and do learn a great deal about number in the early years.

Children can learn through an "activity method,” if activi-
ties are (1) carefully planned to include sequential devel-
oprent of mathematical skills and (2) accompanied by strong
drill programs. However, a program stressing sequential
development with activities incorporated to iatroduce and
reinforce concepts is gener.'lly advocated today. Emphasis
in content organization is ::hus placed on the structure of
mathematics, with considera:ion given to learning levels

of children.

No general conclusion can be drawn from research regarding
the relative efficiency of any one organizational pattern
for mathematical instruction. Neither team teaching nor
departmentalization nor self-contained classrooms nor an:
cther pattern appears i>, per se, increase pupil achieve-
ment in mathematics. Perhaps the most important implica-
tion from various studies is that good teachers are effec-
tive rcgardless of the nature of classroom organization.




Is achievement
in mathematics
increased by a
program of
Individually
Prescribed
Instruction?

Is there research
wvhich identifies
outcomes of
programs of

"meaningful"

instruction?

Is there research
which identifies
outcomes of
"mcdern" or
"contexporary”
prograxs?

No substantial evidence to date supports an affirmative
ansver to this question. When the Individually Prescribed
Instruction (IPI) program of the Oakleaf Project is con-
sidered, achievement cf pupils has generally been found to
te approximately equivalent to that of pupils in non-
individualized programs. The type of research design and
the measuring instruments used undouttedly contribute to
this finding.

Meaningful teaching generally leads to (1) greater reten-
tion, (2) greater transfer, and (3) increased ability to
solve indenendently, Teachers should (1) use more mate-
rials, (2) spend more class time on development and dis-
cussion, and (3) prcvide short, specific practice periods.
Higher achievement in computation, probiem solving, and
mathematical concepts has been found to occur when more
than hal. of the class time was spent on developmental
activities, with the remainder on individual practice.

Generally, "modern" programs are as effective as "tradi-
tional" programs in developing "traditional” mathematical
skills. Evaluation of groups taught with Schcol Mathe-
zatics Study Group (SMSG) materials indicates that these
groups can be evpected to understand mathematical prin-
ciples better than taose using conventional materials. No
significant differences in computational skills were re-
ported, though results zay vary depending on the type of
vest.

It has been suggested that we can become so concerned with
principles and properties that tco little time is spent cn
compurtational practice and applications in social situa-
tions. Such practice and applications must be carefully
planned. . . .

The material included in this bulletin is a product of the "Interpretive Study
of Research and Development in Elementary School Mathematics" (Grant No.
OEG-0-9-480586-1352(010) , sponsored by the Research Utilization Branch, Bureau
of Research, U.S. Office of Education, and conducted at The Pennsylvania state

University.

If you would like more information about the research whose findings are cited
above, contact MARILYN N. SUYDAM, Project Director, 4t The Pennsylvania State
University, University Park, Pennsylvania, 16802.




Using Rescarch: A Key to Elementary School Mathematics

PLANNING FOR INSTRUCTION

Is there research to guide us in deciding . . .

. o o when to Wizh a few exceptions, there is general agreement today that we
begin will begin to teach mathematics systematically in grade 1, il

systematic not in kindergarten. Forty years ago, however, this was a mat-
instruction? ter of great debate. It was argued that formal study should be

deferred "until the child could understaad more and had a need
for using mathematics.” Therefore, until at least the third
grade, mathematics should be iearned "incidentally," through
informal, unpianned contacis with number.

Opponents argued that such delay was a waste of time. Data to
support this were collected; for instance, Washburne (1928)
found that pupils who began mathematics in either grade 1 or 2
made better mathematics scores in grade 6 than did pupils who
began mathematics in grade 3.

On the other hand, Sax and Ottina (1958) found more recently
that by serenth grade, there was no significant difference in
computatioun scores. Meaning scores were higher for pupils in a

The material included in this bulletin is a product of the "Interpretive Study of
Research and Development in Elementary School Mathematics" (Grant No. OEG-0-9-
480586-1352(010), sponsored by the Research Utiiization Branch, Bureau of
Research, U.S. Office of Education.

The bulletin was prepared by MARILYN N. SUYDAM, The Pennsylvania State University,
Project Director, and J. FRED WEAVER, The University of Wisconsin-Madison, Project

Consultant. Arc by Ed Saffell.

It should be noted that research is variable with respect to its quality; hence,
the same degree of confidence caunot be placed in all findings. An attempt has
been made to take this fact into consideration in preparing this bulletin.
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school in which formal instruction was deferred until fifth
grade. However, with the emphasis today on teaching an in-
creased amount of mathematics at any eariier age, the questicn
of when to begin systzmatic iastruction has not seriously been

reopened.

During the 1930‘s there were many investigations of the effec-
tiveness of "activity progra=ms,” planned to acquaint children
with number as part of the environment. Generally research
showed that mathematics could be learned through an "activity
program,” if (1) carefully planned to incorporate sequential
development of mathematical skills and (2) accompanied by
stroug drill programe (e.g., Wilson, 1930; Harap and Mapes,
1934; Wrightstone, 1935).

For years the work of Washburme (1328) and the Commirtee of
Seven strongly influenced the tsequencing of topics in the cur-
riculum. This group of 3uperintendents and principals in the
midwest surveyed pupils to find when topics were mastered, and
then suggested the order and menta: age or grade level in which
each should be taught.

With the curriculum reform movement which began in the 1950's,
wmuch rzorganization cf content has been suggested. Generally,
various topics and patterns have been "tried out™ to see if
they could be taught at a proposed level: research reflects
many such trials. Gagne has long been working on the develop-
ment of hierarchies of learning tasks. Suppes (1969) is ap-
proaching the problem of organization and sequencing with the
aid of computer-stored data on pupils' responses.

Educators have long searched for the "perfect" organizational
pattern to meet individual pupil needs and increase achieve-
ment. A vast number of studies have beer. conducted to attempt
to ascertain the efficacy or the superiority of departmentali-
zation, team teaching, multi-graded, non-graded, or seli-
contained classrooms. However, attempts to isolate and measure
the effects of any of these is extremely difficult, since fac-
tors such as content organization and teacher background inter-
act with the pattern. The definitions of the various patterns
also tend to overlap--what one person labels team teaching
another defines as departmentalizatior, etc.

It is apparent from a review of the research that no general
conclusion can be drawn regarding the relative efficiency of
any one pattern for mathematics instruction. There appears to
be no one pattern which, per se, will increase pupil achieve-
ment in mathematics. A proponent of any pattern can find
studies that verify his stand. Achievement differences are af-
fected more by other variables such as the mathematical back-
ground of the teacher, than by the organizational pattern.
Perhaps the most important implication of the various studies
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is that good teachers are effective regardless of the nature of
classroom organization (Gibb and Matala, 1962).

No substantial research evidence has been reported to date to
support an affirmative answer to this question. 1t refers to
the groject on Individually Prescribed Instruction (IPI) origi-
nated as a cooperative venture of the University of
Pittsburgh's Learning Research and Development Center and
Oakleaf Elementary School of the Baldwin-Whitehall School
District of Pittsburgh.

In a recent Progress Report on IP1 (1969) it was concluded that
“on standard achiavement tests IPI pupils do as well as non-IPI
pupils.” No claim is made for higher achievement on the part
of IPI pupils. For instance, at the third, fourth, azd fifth
grade levels Fisher (1968) found no significant achievement
differences under three instructional treatments: (1) IPI, (2)
“programmed learning instruction," and (3) "standard classroom
instruction."

In an inconclusive investigation of IPI effects among low,
average, and high abiiity fourth, fifth, and sixth grade
pupils, Deep (196.) questioned the appropriatemess of standard-
ized tests for measuring achievement within the IPI context.
Other assessment problems and instructional factors associated
with IPI have also been studied. Findings from such research
and evaluation have been used to revise the program.

Earlier in this century, it was doubted that children needed to
understand what they learned. It was enough if they developed
high degrees of skill. To take time to give explanations and
develop understanding was deewed wasteful, besides being per-
plexing to the learners.

Then came the realization that certain things were to be gained
if content made sense to the learner. When mathematics is
taught according to the mathematical aim, learning becomes
meaningful; when taught according to the social aim, signifi-
cant, Children do not necessarily acquire meanings when they
engage in social activities involving mathematics. Significant
mathematical experiences need to be supplemented by meaningful
mathematical experiences.

Dawson and Ruddell! (1955) summarized studies, such as those by
Swenson, Anderson, Howard, and Brownell and Moser, which were
concerned with varicus aspects of meaning. They concluded that
meaningful teaching generally leads to: (1) greater retention,
(2) greater transfer, and (3) increased ability to solve inde-
pendently. They also suggested that teachers should (1) use
more materials, (2) spend more class time on devalopment and
discussion, and (3) provide short, specific practice periods.

Studies since that date have supported these findings.
Greathouse (1566), for instance, found that groups taught by a




group-oriented meaningful method achieved more than those
taught by individually-oriented weaningful methods, but each
achieved more than a group taught¢ by a drill-computation
method. Miller (1957) found that "meaning" methods were more
effective for most computational areas and for understanding of
the principles of mathematics. The "rule" method, however,
seemed more effective for low IQ children.

To determine how the use of class time affects achievement,
Shipp and Deer (1960) compared four groups, in which 75%, 60Z,
40Z or 25Z of class time was spent on group developmental work
while the remainder was spent on individual practice. Higher
achievement in computation, problem solving and mathematical
concepts was cbtained when more than half of the time was spent
on developmental activities.

In replications of this experiment, Shustcr and Pigge (1965)

and Zahn (1966) used other time allocations. They confirmed

the finding that when the greater proportion of time is spent
on developmental activities, achievement is hizher.

Hopkins (1966) compared two fifth grade groups which spent 50%
time on meaningful activities and 502 time (1) on practice or
(2) in informal investigations of more advanced concepts. No
significant differences between computation scores for the two
groups were found, but significant differences on understanding
measures occurred. Hopkins concluded that the amount of time
spent on practice "can be reduced substantially and still re-
tain equivalent proficiency in arithmetic computation." If
activities are carefully selected, understanding can bhe in-
creased.

Is there research Payne (1965) summarized several studies and reported that
‘ which identifies ‘'uwodern" programs were as effective as "traditional" programs

outcomes of in developing ''traditional" mathematical skills; this is sup-

"modern" or ported by more recent studies. There is evidence that "modern"

"contemporary" materials are appropriate for a wide range of student abilities.
-ams ?

programs: One phase of the National Longitudinal Study of Mathematical

Abilities (NLSMA) compared achievement patterns based on 38
measures over a three-year period, for programs in grades 4-6
represented by six textbook series--three "modern" and three
“conventional” (Carry and Weaver, 1969). The conjecture that
achievement patterns would be more similar within textbook
classifications ("modern" and "conventional") than across clas-
sifications was not supported consistently by actual findings
of the investigation. It was not uncommon to identify subtests
on which large differences in achievement existed among the
"modern" textbook groups and also among the "conventional"
textbook groups. Furthermore, the findings did not agree con-
sistentlv with the hypothesis that "modern" and "conventional"
‘ texts could be distinguished on the basis of achievemeut level
associated with particular subtests--although there was a trend
in support of this conjecture.

pe SRy




Maay persons feel that the School Mathematics Study Group
(SMSG) has had the greatest impact on the curriculum of any ex-
perimental program. Certainly much research and evaluation has
been concerned with the SMSG materials.

Hungerman (i967) and Grafft and Ruddell (1968) compared sixth
grade classes who had studied the SMSG program during grades 4,
5, and 6, with classes who had studied a conventional program.
Grafft and Ruddell reported that the SMSG group understood
princizles of multiplication better than did the conventionally
taught groups, while no significant differences in computation
were found. Hungerman found that achievement data significantly
favored non-SMSG groups on a test of conventional arithmetic,
and the SMSG group on a test of contemporary mathematics. Sev-
eral other researchers reached this same conclusion in studying
other "modern" programs.

Sloan and Pate (1966) studied teaching stiategies, reporting
that more SMSG teachers than teachers of "traditional" mathe-
matics used analysis and comprehension questions, eliciting
spontaneous responses, and developing content. The non-SMSG
teachers used recall and recognition questions to a greater
degree than any of the cther questions they might have used.

One caution is included in several reports: we can become so
concerned with principles and properties that littie or no
opportunity is given pupi.s to practice computation or apply
mathematics in social contexts. S3uch practice and applications
must be planned for. . . .
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