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PREFACE

The writer of this thesis has always been interested in
improvement of instruction in arithmetic. It is believed that the
present investigation will be quite beneficial in showing what
progress has been made in teaching methods and will serve to direct
the teacher of elementary arithmetic toward a renewed interest in the
best possible instructional procedures. This work consists of a
survey of articles of published research in the field of elementary

arithmetic. They have been classified under many headings to facil-

itate their use,
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CHAPTER I
INTRODUCTION

Many articles are published each year pertaining to elementary
arithmetic. Some of these may very properly be designated "mere
opinion" while others may very properly be classified as "research".
Because of the large number of such articles appearing in print
pertaining to some aspect of aritlmetic, no doubt a service may be
rendered to teachers of the subject by evaluating and classifying
them as research or otherwise. From this situation grew the problem
of thi's thesis, the title of which may be stated as follows:

A Compilation of Published Research in Elementary Arithmetic Since

1931. Suph a guide should be useful to teachers of arithmetic in
classrooms wherever they may be.

Research has been defined in various ways by different inves-
tigators., Whitney defines research as a state of mind--a friendly,
welcoming attitude toward change .1 C. C. Crawford at the University
of Southern California explains research after this fashion: Research
is simply a refined technique of thinking, employing specialized
tools, instruments and procedures in order to obtain a more adequate
solution of a problem than would be possible under ordinary means.,

It starts with a problem, collects facts, analyzes these critically

and reaches decisions based on the actual evidence, It involves

1. Frederick Lamson Whitney, The Elements of Research

(New York: Prentice Hall, Inc., 19L2), p. 1.
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original work rather than exercise of mere opinion. It evolves from
genuine desire to kmow rather than a desire to prove somet;h.’mg.2
According to Webster, it is careful or critical inquiry or examina=-
tion seeking facts or principles, diligent investigation in order
to ascertain sonething.3 Likewise, in the Dictionary of Education
by Good, research is said to be of such a nature that others would

get the same reult."‘

But for the purpose of this study the term
research will be used to mean a study which starts with a problem,
collects facts, analyzes these critically and reaches decisions
based on the obtained facts, It will usually consist of an exper-
iment in which the sample is general enough that others would get
the same results.

This assembly began with the year 1932 because December, 1931,
marks the close of a similar survey by Guy T. Buswell and C. H.
Judd, who published a monograph5 in 1925 based on research in elemen-
tary arithmetic up to that time. Buswell issued seven annual
supplements to the original monograph, bringing the total number of
articles and books reviewed to 697. The final supplement included

research published and reported during the entire year of 1931.

2. Ibido, Pe 20,

3+ A. Merriam Webster, Webster's Collegiate Dictionary
Sth Edition, p. 8L7. d

4. Carter V. Good, Dictionary of Education (New York:
McGraw Hill Book Co., Inc., 1945), p. 36

5. G. T. Buswell, Survey of Research in Elementary Arithmetic
g0

(Chicago: University of Chicago Press, 1925), 212 ppe
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Since that time, Leo J. Brueckner, as well as Buswell, continues to

report through the Elementary School Journal on selected references

in elementary arithmetic, but does not distinguish between research
articles and those of critical .discussion which do not bear the ear-
marks of research. This fact is clearly set forth by a number of

6

authorities in the field.™ The number of non-research articles is
not only increasing, but it is believed that many articles which
have been considered research should not be classified as such,
Buswell challenges the field to recapture the spirit of true research
that we might progress in effective teaching of arithmetic.7

The problem is limited to scientific investigations reported
in the field of elementary arithmetic since 1931, Algebra and
geometry, even though sometimes taught in the elementary school,
will not be included. While completeness is attempted, caution will
be taken to include only those articles which in the opinion of the
author can be classified as research.

The survey method was employed in securing the data. Since
it was not possible to obtain and appraise svery investigation in
the field of elementary arithmetic over such a long period, some

articles were excluded on the ground that the titles suggested they

6. W. S. Monroe and M. D. Engelhart, A Critical Summary of
Research Relating to the Teaching of ArithmetIc (University of
T1Tinois, College of Education, Bureau of Educational Research.
Bul. No. 58. Urbana: University of Illinois, 1931), 115 pp.

7. G. T. Buswell, "Outlook for Research in Arithmetic,”
Elementary School Journal, XLVII (January, 1947), 2k3.
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were not research, The selected references published in the Elemen-

tary School Journal were helpful in discovering many of the citations

in this study. A4lso, the references given in the Education Index

include articles of research together with numerous articles which
did not measure uwp to the desired standard. Other sources and

bibliographies also containing reports were used to complete

this survey.




CHAPTER II
RESFARCH PERTAINING TO ARITHMETICAL FUNDAMENTAIS

More research has been conducted pertaining to the funda-
-mental operations than any other phase of arithmetic. Not only
does the study of the four fundamental operations--addition, sub-
traction, multiplication and division--make up a large part of the
elementary arithmetic curricula, but it is the basis for all other
phases of arithmetic. It is for this reason that it is placed first
in this compilation.

Concepts of Pre=School Children

Children learn quite a few quantitative ideas before they
begin formal study of arithmetic, As these ideas are wvery important
in determining later progress, it is highly necessary that the
primary teacher be familiar with the amount and nature of the child's
understanding of the number system. The following studies reveal
many astounding facts relative to concepts of pre -school children.

Carper, Doris, "Seeing Numbers as Groups in Primary-Grade

Arithmetic,” Elementary School Journal, XLIII (November,
1942), 166~70.

Reports a study of the comparative effectiveness of
counting and grouping in the development of certain
mathematical concepts.

Grant, Albert, "An Analysis of Number Knowledge of First
Grade Pupils According to levels of Intelligence.®
See Correlation with Intelligence.

Koenker, R, H., "Arithmetic Readiness at the Kindergarten
Level," Journal of Educational Research, XLII (November,




1948), 218-23.

Value of arithmetic readiness program together with a
study of child interest in activities based on their
needs and experiences,

Maclactchy, Josephine, "Number Abilities of First-Grade
Children,® Childhood Education, XI (May, 1935), 3LL-7.

Presents evidence on number experiences of pre-school
children.

Mott, Sina M., "Number Concepts of Small Children,™ The
Mathematics Teacher, XXXVIII (November, 1945), 29I=301.

Reports data gathered throuéh individual interviews
regarding forty-four pupils of kindergarten age.

Stotlar, Carolyn, "Arithmetic Concepts of Pre-School
Children," Elementary School Journal, XLVI (February,
1916), 3ha-5.

Experiment testing knowledge of pre=school children
finding wide range of skills.

Addition and Subtraction

Addition and subtraction are very closely related and are
often taught together. It has also been convenient to study the
problems of addition and subtraction together in a number of cases.
The work in addition and subtraction of fractions presents problems
of a special nature and is taken up in a separate section.

Berlund-Gray, Gungorg, and Robert V. Young, "The Effect
of Process Sequence on the Interpretation of Two-Step

Problems in Arithmetic.® See Relative Difficulty

and Errors.

Brownell, W, A., "Borrowing in Subtraction," Journal of
Educational Research, XXXIII (February, 19T0), L15-24.

A review of a larger study in third grade arithmetic.

Brownell, W, A., "An Experiment on Borrowing in Third-
Grade Arithmetic,"™ Journal of Educational Research,




XLI (November, 1947), 161-T1.

Experiment reveals that there are merits to various
methods, but consideration of the value of the
instruction is at stake.

Brownell, W. A., "Study of learning in One Phase of
Arithmetic.," See Problem Analysis,

Grossnickle, F, E,, "The Effectiveness of Checking Sub=-
traction by Addition,"™ Elementary School Journal,
XXXVIII (February, 19387, Eﬁa-ﬁ.

Checking should not be taught with the process, but
after the pupil understands its value.

MacLatchy, Josephine H., "Another Measure of Difficulty
of Addition Combinations,” Educational Research
Bulletin, XII (March 8, 1933), 57-01.

Familiarity with the combinations upon entering
school is a factor in learning.

Smith, Henry lLestern and Merrill T. Eaton, "An Analysis
of Efficiency in Addition," Iwenty-Fourth Annual Con-
ference on Educational Measurements, (Bulletin of the
School of Education, Indiana University, Vol. XII,
No. Li). Hloomington, Indianas School of Education,
Indiana University, 1937, pp. 52-78.

Reports an inverstigation with college students with
various conditions of drill in addition.

Wheeler, Lester R., "A Comparative Study of the Diffi-
culty of the 100 Addition Combination,®™ .2dagogical
EIa (June

Semim% and Journal of Genetic Psychology, 5
i) 9;312‘

Extensive correlations and difficulty ratings expressed,
but recommends further study.

Wilburn, D, Banks, "A Method of Self-instruction for
learning the Thirty-Six Addition Combinations with
Sums from Eleven to Eighteen and Their Corresponding
Subtraction Facts in Grade II,® Mathematics Teacher,
XXXVIII (October, 1945), 2Lé=51.

A study of the achievement of sixty-four pupils with
a method of self-instruction for learming the addition
combinations.




Wilson, Guy M., "For 100 Per Cent Subraction, What Method?
A New Approach," Journal of Educational Research,
XXVII (March, 193L), 503-8.

Shows evidence of many methods of teaching subtractien,
but recommends that we stick to one method to eliminate
confusion of students.

Fractions

Under the heading of fractions is listed research the type
of research studies pertaining to decimals, ratios and percentages
as well as those pertaining to common fractions. It is believed
that this arrangement will facilitate the use of this compilation of
research in analyzing the best methods of classroom instruction.

Becker, Angeline L., "Remedial Work in the Addition of

Common Fractions,® California Journal of Elementary
Education, IX (August, 19L0), L3-L7.

Gives data on types of errors in fractions in a
sixth-grade class, and suggests four methods of
improving teaching of fractions.

Guiler, W. S., "Difficulties Encountered in Percentage
by College Fresimen,® Journal of Educational Research,
XL (October, 1946), 81-95,

Difficulties in percentage encountered b, adults may
be an indication of poor teaching.

Cuiler, W. S., "Difficulties Encountered by College Fresh-
men in Decimals," Journal of Educational Research, XL
(September, 1946), 1I-13.

Analyzes difficulties and errors in decimals.

CGuiler, W, S., "Difficulties Encountered by College Fresh-
men in Fractions,” Journal of Educational Research,

XXXIX (October, 19L5), J0I-1I5.

Large itemized list of difficulties shown by experi-
ment and tells where more emphasis needs to be placed.




Guiler, W, S., "Difficulties in Decimals Encountered by
Ninth-Grade Pupils,™ Elementary School Journal,
XIVI (March, 15L6), 38L=93. :

Shows errors and difficulties that the school should
investigate.

Guiler, W, S., "Difficulties in Percentage Encountered by
Ninth-~Grade Pupils,® Elementary School Journal, XLVI
(June, 19L6), 563-73.

Evidence is presented showing that present methods of
learning fractions lacks retention.

Johmson, J. T., "Are Ratios Fractions?® Elementary School
Journal, XLVIII (March, 19L48), 37L-8.

Studies four concepts of fractions, presenting teaching
methods on the subject.

Johnson, J. Te, "Can Concepts in Elementary Mathematics
be Developed?™ See Problem Concepts.

Johnson, J. T., "Decimal Usage in the Occupational World,"
Journsl of Educational Research, XXXVIII (April, 19L5),
6;3-8.

We need to abandon continued drill on some decimals,
but at the same time appreciate their existence.

Souder, Hugh Cowan, "The Construction and Evaluation of
Certain Readiness Tests,® See Testing Readiness.

Wilson, Guy My and Charles O, Dalrymple, "Useful Fractions,"
Journal of Educational Research, XXX (.anuary, 1937),

A study of frequency of occurrence of fractions,

Multiplication

Only those research studies dealing with the teaching of the
multiplication facts are considred in this section. In view of the

fact that multiplication is a definite part of the long division

process, it is not mecessary to study multiplicaticen as such alone.
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Brownell, W, A., "Rate, Accuracy and Process in Learning,"
See Problem Analysis.

Burge, Lafton V., "Types of Errors and Questionable Habits
of Work in Multiplication,® Elementary School Joumal,
XXXIIT (November, 1932), 185-9L.

Considers sixty-eight types of errors in multiplication
made by 2,577 pupils in grades four, five and six.

Ruch, Ge. M., "Relative Difficulty of the One Hundred
Multiplication Facts with Special Reference to Textbook
Construction,” Elementary School Journal, XXXII
(Janvary, 1932), 369-77.

The difficulties encountered in the learning process
are different from those In the final process,

Division

Division is much more complex than any of the other three
basic operaticns. It not only involves the use of multiplicaticn
and subtraction, which are memory processes, but in long division
it is necessary to estimate the quotient in advance. Since setting
the decimal point is also a part of the division process, the division
of decimals is given consideratiocn in this secticn.

Brueckner, L. J., and Harvey O. Melbye, Phelative Diffi-
culty of Types of Examples in Division with Two-

Figure Divisors," Journal of Educational Research, )

XXXIII (February, I9L0), LOI-1L. \

A good article on relative difficulty of examples
in grades SB and 6A.

Dahle, Casper 0., "The Verbal Thought and Overt Behavior
in Children During Their learning of Long Division.%
See Problem Ansalysis.

Distad, H. W., "An Analysis of the Drill Provisions in
Division of Decimals in Ten Arithmetic Series.® See
Curriculum, Selection of Texthooks.




Grossnickle, F, E., "Classification of the Estimations in
Two Methods of Finding the Quotient in Long Division,®
Elementary School Journal, XXXIT (April, 1932), 595-60L.

A detailed classification and analysis of estimates
of quotients in long division.

Grossnickle, F. E., "Comparison of Achievement of Pupils
Who Are Good and Poor in learning with a Two-Figure
Divisor," Journal of Educational Research, XXXIV
(January, ISLT), 3L&8-B1.

A study of ninety-four children shows no great differ-
ence in the two groups either in native ability or in
eventual achievement.

Grossnickle, F, E,, "Constancy of Error in Learning
Division with a Two-Figure Divisor,® Journal of Educa-
tional Research, XXXIII (November, 1939), 189-195.

A study based on 231 pupils of grade four indicating
the fact that error is not constant,’ but invites further
investigation.

Grossnickle, F, E,, "Cues in Division Problems Given
in Nine Representative Textbooks in Arithmetic," Elemn-
tary School Journal, XXXIII (February, 1933), LS2=8I1.

Listings of cues in division problems are presented
from textbooks for grades three to six,

Grossnickle, F, E,, "Division Facts and Their Use in
Estimation of Quotient with Two-Figure Divisor,”
Elementary School Journal, XLV (June, 1945), 569-Th.

Study shows the importance of the division facts for
use in estimating the quotient.

Grossnickle, F. B., "Estimating the Quotient by Two
Methods in Division with a Three~Figure Divisor,”
Elementary School Journmal, XXXIX (January, 19393, 352-56.

A comparison of the relative accuracy of the apparent
and the increase-by-one method.

Grossnickle, F. E., "An Experiment with a One-Figure
Divisor in Short and Long Division," Elementa
School Journal, XXXIV (March and April, 193L), L96-506,

An experiment which suggests that only the long division
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form should be taught.
Grossnickle, F. E.,, "An Experiment with Two Methods of Esti-

mation of the Quotient," Elementary School Journal,
OAVIT (May, 1937), 668-7T.

There was no appreciative difference in the results of
the two methods used in this experiment.

Grossnickle, F. E,, "How a Method of Scoring a Test in
Division Affects the Score," Elementary School Journal,
XL (January, 19L0), 366=70.

Si:awé that a score for correct estimate is also
necessary for instructional purposes.

Grossnickle, F. E., "Kinds of Errors in Division of Deci-
mals and Their Constancy," Journal of Educational
Research, XXXVII (October, I9L3), 110-117.

Identifies twenty-one different kinds of errors, scme
of which are constant.

Grossnickle, F. E., "Methods of Estimating the Quotient
in Iong Division Used by Teacher-Training Students,®
Elementary School Journal, XXXV (February, 1935), LL8-53.

Investigation shows that some methods are much
preferred over others.

Grossnickle, F, E., "Practice Material in the Estimation
of the Quotient in Long Division Found in Current
Arithmetic Workbooks," Journal of Educational Research,
XXVIII (May, 1935), 668=88.

Extensive study of examples in workbooks shows need
for improvement. !

Grossnickle, F, E,, "Practice Material in the Estimation
of the Quotient in Long Division Found in ?urrent Text~-
books,” Elementary School Journal, XXXIII (October,
1932), 1%0-L1.

Survey study of examples in textbooks.

Grossnickle, F, E., "Some Factors Affecting a Test Score
in Division of Decimals.® See Test Scoring.

Grossnickle, F, E., "Types of Errors in Division of
Decimals," Elementary School Journal, XLII (November,
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1941), 18k-9k.

A study of two hundred pupils in grades six to nine,
showing common errors and how to avoid them.,

Holland, Henrietta, "Difficulties Involved in Long Division
and Some Suggestions for Teaching the Proeess," Elemen=-
tary School Journal, XLII (April, 19L2), 585-96.

Analysis of thirteen sources of difficulty in the lorg
division process with valuable suggestions for the
benefit of the learmer.

Koenker, Robert H,, "Certain Characteristic Differences
Between Excellent and Poor Achievers in Two-Figure
Division." See Correlation with Intelligence.

Morton, R. L., ®Estimating Quotient Figures When Dividing
by Two-Place Numbers,™ Elementary School Journal,
XLVIII (November, 191,7); ILI=LB. ‘

Suggested methods for estimating. Recommends rounding
mumbers for greater meaning.

Olander, Herbert T., and Preston E, Sharp, "Long Division
Versus Short Division," Journal of Educational Research,
XXVI (September, 1932), &-11.

Experiment with pupils in grades four to twelve showed
greater accuracy by three-fourths of the students when
long division was the standard method.

Osburn, Worth J., "Levels of Difficulty in Long Division,"
Elementary School Journal, XLVI (April, 1946), Ll1-L7.

A detailed study survey of examples in long division.
Unrich, Louis E., Sr., "A Study of the Process of Trans-
formation with Special Emphasis cn its Application to
the Division of Decimal Numbers,” The Mathematics
Teacher, XL (November, 1947), 3L5-BL. —

Examination of transformations from one unit to another.
Computation, Drill and Review

The question often arises as to the optimum amount of drill

and review, A great deal of research is belng conducted relative to
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these important aspects of instruction. No doubt this was brought
cn in part by the need of the Armed Forces for speedy learning
or review of many fundamental operations.

Bemis, Eaton 0., and W. C. Frow, "Remedial Arithmetic

After Two Years," Journal of Educational Research,
XXXV (February, 15L2), LL5-52.

A follow up study which indicates that remedial work
is of 1little value in many cases.

Boss, Mabel E., "Arithmetic, Now and Then," School and
Society, LI (March 23, 1940), 391-92.

A compariéon of scores on the Cleveland Survey Arith-
metic Test given in St. Louis in 1916, and again in
the year 1938.

Braverman, Benjamin, "Does a Year's Exposure to Algebra
Improve a Pupil's Ability in Arithmetic?" The Mathe-
matics Teacher, XXXII (November, 1939), 301-12.

A study suggesting that algebra helps improve the
arithmetical ability of high school pupils.

Brownell, W. A., and Charlotte B, Chazel, "The Effects
of Premature Drill in Third-Grade Arithmetic,™
Journal of Educational Research, XXIX (September,
1535, 17-28.

Shows that drill does not guarantee child growth for
several given reasons.

Christoffersen, B. O,, and W. A. Wittich, "Navy Statistics
and Mathematics Retention -~ A Challenge to the School,"
School and Society, LVI (November 21, 19L2), 502-OL.

Discusses deficiencies in arithmetic according to tests
in Navy. Proposes refresher course in high school.

Davis, Robert A., and Edward J. Rood, "Remembering and
Forgetting Arithmetical Abilities," Journal of Educa-
tional Psychology, XXXVIII (April, 13L7), 215-22,

Reports the resulis of successive usage of an arith-
metic test during grades seven and eight.

Foran, T. G., "Drill in Arithmetic,™ Catholic Educational

Review, XXXI (April, 1933), 232-L3%
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A sumary of investigations relating to drill as well
as a discussion of the use of drill,

Grossnickle, F, E,, "Practice Material in Estimation of
the Quotient in Long Division Found in Current Text~-
books." See Division.

Grossnickle, F, E., "Practice Material in the Estimation
of the Quotient in Long Division Found in Current
Arithmetic Workbooks." See Division.

Guiler, W. S., and H. B. Hoffman, "Effect of Different
Types of Mathematics Courses on Computational Ability,"
Educational Administration and Supervision, XXIX
(November, 15L3), =6.

Some courses contribute more than others. Recommends
remedial work as part of algebra.

Harding, Lowry W., and Inez P. Bryant, "An Experimental
Comparison of Drill and Direct Experience in Arithmetic
Learning in a Fourth-Grade,® Journal of Educational
Research, XXXVII (Jamuary, 19LL), 321=Z7.

Reports the results of an experiment with various
instructional procedures.

Unrich, Louis E,, Sr., "A Study of the Process of Trans-
formations with Emphasis on its Application to the
Division of Decimal Numbers,®” See Division.

Wilson, G. M., "Basic Considerations for Profitable
Research in Arithmetic,” Journal of Educational Research,
XXXVIII (October, 19hh5

’ Lde

A discussion of errors as a basis for research and an
evaluation of a few research papers.

Wilson, G. M., and Gertrude L. Hanley, "For Basic Drill
in Arithmetic - What Norm or Average is Satisfactory?"
See Test Scoring.

Zyve, Claire, "An Experimental Study of the Teaching of
Arithmetic Combinations,® Educational Method, XII
(October, 1932), 16-18.

Gives rssults of test comparing the effects of black-
board and lantern-slide presentation of arithmetic
combinations.
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Errors and Relative Difficulty

Extensive studies have been made concerning the many types
of errors in the fundamental processes and the implication with
regard to teaching arithmetic in the elementary school. Along
with this is the relative difficulty of the various processes and
how their order in a given situation affects the difficulty.

Berlund-Gray, Gunborg, "Difficulty of the Arithmetic

Processes,” Elementary School Journal, XL (November,

1939), 198203,

The position of a process has a decided influence
on the difficulty of the entire problem.

Berlund-Gray, Gunborg, and Robert V. Young, "The Effect
of Process Sequence on the Interpretation of Two=
Step Problems in Arithmetic,™ Jourmal of Educational
Research, XXXIV (September, 19I0), 21-29.

Subtraction-addition is more difficult than addition-
subtraction.

Brueckner, Ieo J., and Gerold S. Laumann, "The Measure-
ment of Accuracy of Judgments of the Difficulty of
Arithmetic Problems," Bducational Method, XII
(March, 1933), 338-L5.

Describes with reliability a technique to determine
relative difficulty of problems.

Brueckner, leo J., and John H. Snyder, "Constancy of
Errors to Basic Facts in the Fundamental Operations
in Arithmetic,™ Journal of Educational Research,
XXXII (January, 1539), 336-LL.

Errors are more constant in division than in other
operatiens, Important for diagnosis.

Grossnickle, F. E., and Jolm H. Snyder, ®"Comstancy of
Errors to Basic Facts in the Fundamental Operations
in Arithmetic,®™ Journal of Educational Research,

XXII (January, 1939), 336-LL.

Shows how the two types of errors (chance and constant)
are related to various operations as well as to maturity.
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Guiler, W. S., "Computational Errors Made by Teachers of
Arithmetic," Elementary School Journal, XXXIII
(September, 1532), SI-E ’

.

Analyzed the errors made by & group of teachers on a
survey test in computational arithmetic.

Guiler, W. S., "Difficulties in Decimals Encountered by
Ninth~Grade Pupils,” Elementary School Journal,
XLVI (March, 19L46), 38L-93.

A study to show where more stress needs to be placed.

Guiler, W. S., "Difficulties in Fractions Encountered

by Ninth-Grade Pupils," Elemen School Journal,
XLVI (November, 19L5), 1T5=5E.

Borrowing and changing to common denominators proved
to be major difficulties,

Henderson, Kenneth B., "Weaknesses in Arithmetic-
Teaching," Elementary School Journal, XLVI (June,
19'46)’ 579-81c

A brief article based on arithmetical weaknesses
found in the Army Air Forces. Accuracy was the first
glaring weakmess,

Knight, F. Be, "A Report of Four Studies in Aritmmetic.”
See Problem Concept Development.
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CHAPTER III

PROBLEM SOLVING AND THE PSYCHOLOGY OF LEARNING

The analysis and solution of written problems is without
question one of the more difficult parts of the arithmetic program.
This chapter deals with the very nature of problem solving and
then a later chapter will be given to methods of instruction which
will have a bearing both on the fundamental processes and the

solution of written problems.
Psychology and Analysias of Problem Solving

Real problem solving is not a trial and error procedure;
rather, it is a process based on analysis. For this reason it is
necessary for both the teacher and the student to fully understand
the basic operations involved in the solution of the problem.
There are many factors which contribute to the success of the
student in problem solving.

Bromnell, W, A., "Rate, Accuracy and Irocess in learning,”

Journal of Educational Psychology, XXXV (September,
TULL), 37T,

A good article on educational psychology based on
tests and interviews pertaining to learning multd-
plication combinations.

Brownell, W. A., "Study of Learning in One Phase of
Aritmmetic,"® Journal of Genetic Psycholopy, XXIV
(April, 1900); L57=85.

Drawing on data of previous research, this artiole
shows the contribution of the crutch in borrowing in
subtraction.
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Buswell, G, T., "Types of learning and General Conditions
Affecting Learning,"™ Review of Educational Research,
IX (June, 1939), 274-8L.

A review of research on the learning process.

Dahle, Casper 0., "The Verbal Thought and Overt Behavior
in Children During Their Learning of Long Division,®
Journal of Experimental Education, IX (September,
o), 1

’

An elaborate study of the learning process with an
implication in aritmmetic.

Dexter, C. E., "Analysis of Written Problems in a
Recent Arithmetic Series." See Evaluation of Textbooks.

Johnson, Donald M., "A Modern Account of Problem Solving,"
Psychological Bulletin, XLI (April, 19Lk), 201-27.

Identification and description of the essential
processes of problem solving.

Jolmson, Harry C., "Problem-Solving in Arithmetic: A
Review of the Literature," Elementary School Journal,
XLIV (March and April, 19LLJ, =403, L76-02.

An important summary of the varicus methods of
probler solvinge.

Johnson, J. T., ®"On the Nature of Problem=Solving in
Arithmetic,"” Journal of Educational Research, XLIII
(October, 19L9), 110-15.

A study of the various factors contributing to
problem-solving ability.

Mitchell, Claude, "Problem Analysis and Problem-Solving
in Arithmetic,” Elementary School Jourmal, XXXII
(February, 1932 ),_EBIFEE.H

Study of improvement of 117 pupile in grades seven
and eight when problems were rearranged.

Monroe, W, W,, and Max D, Engelhart, "The Effectiveness
of Systematic Imstruction in Reading Verbal Problems
in Arithmetic," Elemen School Jourmal, XXXIII
(January, 1933)) 77

Experiment in fifth grade to determine the value of
specific training in reading verbal problems.
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Schaaf, Willism L., "A Realistic Approach to Problem~
Solving in Arithmetic," Elementary School Journal,
XIVI (May, 19k6), L9L-7.

Identifies nine Sspects of problem-sclving ability.

Sutherland, Ethel, "One-Step Problem Patterns and Their
Relation to Problem Solving in Elementary Aritimetic,®
Teachers College Record, XLIX (April, 19L8), L92-93.

An analysis of 15,000 verbal problems in terms of
the thought~patterns involved.

Willey, Roy D., "Arithmetical Processes Needed by Children,®
Elementary School Journal, XLII (March, 19L2), 52L-27.

A study to determine which of the fundamental pro-
cesses were needed most in solving functional problems.

Development of Concepts

The development of concepts is an essential part of the
problem solving technique, It consists of the original knowledge
of quantative data together with formation of mental pictures of
the essential elements in the problem at hand.

Bramhall, Edwin W., "An Experimental Study of Two Types
of Arithmetic Problems," Journal of gzgrimental
Education, VIII (September, 1939), 36-30.

There is no significant difference between the effec-
tiveness of the conventional type and the imaginative

type problem.

Friedman, K. C., "Time Concepts of Elementary School
Children," Elementary School Journal, XLIV (February,
19hh), 337- .

An extensive study showing that time problems should
be based on the out-ocf-school experience of the
children.

Gunderson, Agnes G., "Number Concepts Held by Seven-Year-
Olds.® See Readiness Tests.
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Hall, Jack V., "Solving Verbal Arithmetic Precblems

Without Pencil and Paper," Elementary School Journal
XLVIII (December, 191:7),’212-17. y

Shows great need for oral work at various levels
of difficulty.

Johnson, J. T., "Can Concepts in Elementary Mathematics
Be Developed?® School Science and Mathematics, XLIV
(February, 19LL), 1L6-5L.

Common fractions should be limited to halves, fourths,
and eighths and increase emphasis on decimals.

Knight, F. B., "A Report of Four Studies in Aritmmetic,”
Journal of Educational Research, XXX (January, 1937),

Experimental study of the relative perceptual value
of concrete number situations in primary grades.

Van Engen, H., "An Aspect of Mea in Arithmetic,"
Elementary School Journal, XLVI (January, 19L6),
575'77-

Central ideas in teaching problem-solving must be
developed.

White, Helen M., "Does Experience in the Situation
Involved Affect the Solving of a Problem?" Education,
A study based on one thousand sixth-grade children.
Shows value of experience.

Improvement and Generalization

The pupil's ability to generalize plays a very important
part in the successful solution of problems. Along with this the
student needs to learn to use various aids and devices to help him
in problem-solving. Practice in these will no doubt bring improve-
ment in the solution of written problems.

Brownell, W. A., "Two Kinds of Learning in Arithmetic,"
Journal of Educational Research, XXXI (May, 1938), 656-6L.
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Mastery of arithmetic calls for learning by both repe-
tition and insight. Shows need for understanding aids
to learning.

Conner, William L., "What Materials Are Most Useful to
Children in Learning to Solve Problems?® Educational
Method, XIIT (April, 19L43), 369-70.

Results on Stone Reasoning Test show that best problem-
solving material comes from children's own environment.

Conner, William L., and Gertrude C., Hawking, "What
Materials Are Most Useful to Children in Learning to
Solve Problems?" Educational Method, XVI (October,
1936), 21-29.

An experiment to discover a means of improving the
problem-solving ability of upper-grade pupils,

Dickey, John W., "The Value of Estimating Answers to
Arithmetic Problems and Examples," Elementary School
Journal, XXXV (September, 193L), 24=31.

Experiment shows practice in estimating improves
results.

Ebert, Reuben S., "Generalization Abilities in Mathe-
matics," Journal of Educational Research, XXXIX (May,
1946), 671-B1.

A condensed article reporting reactions to fifty-
four generalizations in aritmmetic.

Hall, Jack V., "Oral Aids to Problem-Solving," Elemen-
tary School Journal, XLIII (December, 1942), 220-24.

Grades five and six reports analyzed for rapid,
average and slow pupils.

Hensen, C. W., "Factors Associated with Successful Achieve-
ment in Problem Solving in Sixth-Grade Ar%thmetic,"
Journal of Educational Research, XXXVIII (October,
OLLY, 1

» =ale

lists many factors and discusses the age range in which
they are the most pronounced.

Hendrix, Gertrude, "A New Clue to Transfer of Training,"
Elementary School Journal, XLVIII (December, 1947),
7-20 .




A review of the nature of generalization and the need
for more study in this field.

Karstens, H., "Effective Guidance in Problem=Solving,"
Mathematics Teacher, XXXIX (April, 1946), 172-75.

Shows that guidance in problem-solving is a requisite.

Klugman, Samuel F,, "Cooperative Versus Individual
Efficiency in Problem Solving," Journal of Educa-
tional Psychology, XXXV (February, I9LL); 91-100.

Children working together were more successful in
problem solving than were control children working
alone.

23
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CHAPTER IV

CORRELATION WITH OTHER ABILITIES

Ability in arithmetic is closely associated with other
Imowledge and abilities. For instance, a child who comes to school
with experience in number concepts is able to do much better work
than the child who has had limited experience in numbers. Likewise,
general intelligence is a primary factor in determining ability to
do good quality work in arithmetic.

General Intelligence

For efficient instructional and scoring purposes, it is
desirable to correlate the material with the general intelligence
of the students. There is also a close reiationship between this
concept and readiness testing. Students learn best with material
of optimum difficulty, so it is necessary for efficient instruction
to understand the general abllity'of the students.

Grant, Albert, "An Analysis of Number Knowl :dge of

First-Grade Pupils According to Levels of Intelli=

nce,® Journal of Experimental Education, VII
September, 1538), 63-06.

The responses of a large number of first-grade pupils
in a test of number kmowledge.

Grossnickle, F, E., "Comparison of Achievement of Pupils
Who Are Good and Poor in Iearning with a Two-Figure
Divisor.® See Division.

Koenker, Robert H., "Certain Characteristic Differences
Between Excellent and Poor Achievers in Two-Figure
Division," Journal of Educational Research, XXXV

(April, 1947), 578-88.
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Analysis of responses of 180 pupils on situations
in division.

Stevens, B. A., "Problem Solving in Arithmetic,” Journal
of Educational Research, XXV (April-May, 1932); 253-50.

Considers the interrelations of ability in silent
reading, power in the fundamentals, problem solving,
and general intelligence.

Vocabulary of Arithmetic

This unit deals with the vocabulary of elementary arithmetio
used by pupils and teachers. It shows that there is a positive
correlation between vocabulary or experience and ability to under-
stand and solve arithmetic problems.

Brueckner, leo J., and Harvey O, Melbye, "Relative Diffi-
culty of Types of Examples in Division with Two-

Figure Divisors,”" Journal of Educational Research,
XXXIII (February, 19L0), LO1-1l.

An extensive attempt to determine relative difficulty
with recognition of previous studies,

Ellsworth, Elmer E., "Number Experiences of 390 Children
from Grades III-VI in an Urban Area," Education,
IXI (April, 19L1), L85-87.

Classified 1list of seventeen arithmetic. 1 functions
in the daily lives of children.

Foran, T. G., "The Reading of Problems in Arithmetic,®
Catholic Educational Review, XXXI (December, 1933),

Report of difficulty of arithmetical terms.

Gorman, Frank H., "The Arithmetic Vocabulary of the
Elementary School Teacher," Elementary School Journal,
XXXVIII (Januery, 1938), 373-79.

A comparison of arithmetical vocabularies of atudente
and teachers.
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Johnson, H. C., "The Effect of Instruction in Mathematical
Vocabulary upon Problem-Solving in Arithmetic; Abstract
of Doctor's Dissertation,” Journal of Educational
Research, XXXVIII (October, I9LL), J7-110.

Value of vocabulary toward the improvement of problem-
solving ability set forth,

O'Rourke, Everett V., and Cyrus D. Mead, "Vocabulary
Difficulties of Five Textbooks in Third-Grade Arith-
zetic," Elementary School Journal, XLI (May, 1941),

83‘910

A study of vocabulary difficulties in certain textbooks,

Pressey, L. C., and M. K. Elam, "The Fundamental Vocabu-
lary of Elementary-School Arithmetic,™ Elementa
School Journal, XXXII (September, 1932), L&-50.

A study of the social usefulness of the arithmetic
vocabulary in four investigations.

Russel, Ned M., "Arithmetical Concepts of Children,"
Journal of Educational Research, XXIX (May, 1936),
BL7-83.

Experiment shows important evolution of concepts at
various age levels, pre-school and primary.

Willey, Roy DeVerl, "Vocabulary of Arithmetic in Elemen-—
tary Grades," Elementary English Review, XIX (February,
1942), 6L-66.

Arithmetic terms used in seventy-seven classrooms
in California with frequencies of each .ork.

Wilson, Dorothy W., "Teaching Denominate Numbers and
Measures," Educational Method, XVI (January, 1937),
177-81.

Gives data showing lmowledge of various units of measure.
Based on a group of 2,819 children and adults.

Arithmetic in Reading Material

Another important aspect of instruction is the correlation

with other formal subjects such as reading. In this way opportunity
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is provided for learning arithmetic in a more natural situation.
Several studies have been conducted to determine how much oppor-
tunity for learning arithmetic concepts are provided in the reading
material of elementary school children.

Gunderson, Agnes G., "Nature and Amount of Arithmetic in

Readers for Grades I and II,"™ Elementary School Journal,

A study of aritimetical vocabulary in reading textbooks.
Shows need for more correlation.

Semmelmeyer, M., "Extensional Methods in Dealing with
Abstractions in Reading,™ Elementary School Journal,
L (September, 19L49), 28-36.

Meaning in arithmetic suggests actual significance of
work and also the immediate social setting. Reading
is very important in solving arithmetic preblems.

Stemens, B, A., "Problem Solving in Arithmetic.," See
General Intelligence.

Treacy, J. P., "Relationship of Reading Skills to the
Ability to Solve Arithmetic Problems," Journal of
Educational Research, XXXVIII (October, 19Ll;), 86=96.

A very good research article on the need for reading
skills.

Wheeler, lester R., and Viola D., "An Experimental Study
in Learning to Read Numerals," The Mathe: itics Teacher,
XXIIT (January, 1940), 25-31.

An experiment showing why children can learn to read
numbers very quickly in the first grade.

Woody, Clifford, "Nature and Amount of Arithmetic in Types
of Reading Material for the Elementary Schcols,"
Educational Outlook, VI (May, 1932), 199-217.

Reviews related studies and presents the resultis of
analyses of books and materials assigned in Grades ITI-VIII.
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CHAPTER V

METHODS OF INSTRUCTION

There are a number of outstanding methods of teaching
certain aspects of arithmetic, each of which has its owmn merit.
Several methods have been studied recently in an effort to improve
instruction., A review of the various methods of the past with
their weaknesses together with an understanding of the prevailing
methods of today should be of considerable worth to any teacher of

mathematics.
Analysis of Teaching Methods

The many methods of instruction are compared in this section
together with some methods that cannot be classified in the few
major divisions following. This also includes some of the history
of methods of instruction.

Brownell, W, A., "Frontiers of Educational Research in
Arithmetic." See Weaknesses in Teaching Methods.

Brownell, W. A,, "The Flace of Meaning in the Teaching
of Arithmetic," Elementary School Journal, XLVII
(J&m!ary, 19‘47)9 2%3;.

A study of the development of meaning in arithmetic
and its value to the child,

Dickey, John W,, "Arithmetic and Gestalt Psychology,™
Flementary School Journal, XXXIX (September, 1938),
L8-F3.

An interpretation of the significance of Gestalt
psychology for the teaching of arithmetic.
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Dickey, John W,, "Readiness for Arithmetic,"” ¥lemen-
tary School Journal, XL (April, 1940), 592-98.

A presentation of the research on readiness in the
light of the methods of instruction.

Knipp, Minnie B., "An Investigation of Experimental
Studies Which Compare Methods of Teaching Arith-
metic,” Journal of Experimental Education, XITI
(September, 19LY), 23-30.

An analysis of sixty-four experiments reported be-
tween 1911 and 1940 pertaining to methods of teaching
arithmetic,

leBaron, W. 4., "Study of Teachers Opinions in Methods
of Teaching Aritimetic in the Elementary School,"
Journal of Educational Research, XLIII (September, 19L9),

Opinions of teachers about fifty percent in agreement
with research and judgment of experts. A valuable study
for determining need for study in workshops and similar
undertakings.

Spitger, Herbert F., "Abacus in the Teaching of Arith-
ﬁtigl’." Elementary School Journal, XLII (February, 19L2),
8- .

The abacus is useful in exploring number meanings and
was an indispenable part of the equipment of arithme-
ticians for over a thousand years.

Willey, Roy D., "Functional Arithmetic, 1893-19L0; A
Review of Typical Theoretical Discussiun and the
Theory to Which It Has Led," Journal of Educational
Psychology, XXXIII (February, 1942), 105-17.

Shows decline of drill and the rise of arithmetic
as a social study.
Self Instruction

A number of aids and devices have been used to make it possible

for the student to learn certain habits in arithmetic without the

constant aid of an instructor. Among these are special rules for
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learning the fundamental combinations in addition and subtraction,
Workbooks offer another opportunity for the student to work under
his own power.

Andreen, Earl P., "A Study of Workbooks in Arithmetis,”
Journal of Educational Research, XXXII (October,

15387, 108-22.

An analysis of seventy-three workbooks in arithmetic
followed by an extensive bibliography.

Brownell, W. A., "The Flace of 'Crutches' in Instruction,”
Elementary School Journal, XXXIV (April, 193L), 607-17.

A timely article on the use of “crutches®, Foints
out both valuss and dangers in the use of such
devices.

Orossnickle, F, E,, "Practice Matarial in the Estimation
of the Quotient in long Division Found in Current
Arithmetic Workbooks,” B8ee Ilivision,

Wilburn, D, Banks, "A Method of Self-Instruction for
learning the Easisr Addition and 3ubtraction Combi-
nations in Orads I," Elementary chool Journal,
XLII (January, 1942), 37I-80.

A limited experiment with saventy-two puplls in grade
one. Bhows value of a simple method of salf-
instrustion,

Boclal Utility Method of Inmtruction

It 18 commonly belisved that students are more inteorestsd
in problems taken from their own envirorment than Lhey are in thome
which seem to have no meaning to them., Howsver, it is not eanily
deterained just what constitutes meaningfulness Lo chlldren, AL the
seme Lime thers must nol only be meaning but motivation, For this

reuason & few sxpariments have been conducted Lo determine how much

sucisl arlthaetin is desirabls,
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Bramhall, Edwin W., "An Experimental Study of Two Types
of Arithmetic Problems." See Development of Concepts.

Brownell, W. A., "When Is Arithmetic Meaningful?® Journal
of Educational Research, XXXVIII (March, 19L5), LBI-9B,

A presentation of the meaning theory in arithmetic,
followed by an answer to some objections to teaching
for meaning.

Brueckner, Leo J., "Social Problems as a Basis for a
Vitalized Arithmetic Curriculum," Journal of Experi-
mental Education, I (June, 1933), 320-22.

Presents a list of problems from the field of social
science to be used in courses of study in arithmetic.

Conner, W, L., and G. C, Hawkins, "What Materials Are Most
Useful to Children in Learning to Solve Problems?"
Educational Method, XVI (October, 1936), 21-29.

Problems that children select are most useful.

Gorman, Frank H.,, "An Experiment in Integrating Seventh
and Eighth Grade Science and Mathematics,™ Science
Education, XXVII (December, 19L3), 130=3L. ~

A comparative study of effectiveness of teaching inte-
grated mathematics and science. Little difference noted.

Grossnickle, F, E., "Concepts in Social Aritimetic for the
Eighth-Grade Level," Journal of Educational Research,
XXX (March, 1937), L75-88.

Examination of business concepts used in thirteen
textbook series, These concepts were not adequately
provided for.

Maclatchy, Josephine H., and Eugene Hummel, ®Arithmetic
with Understanding," Educational Research Bulletin,
XXI (November 10, 1942}, 227-38, 2LB.

A lower grade experiment in isolating number experi-
ences and giving them preference over social uses.

Riess, Anita, "The Meaning of the 'Meaningful Teaching of
Arithmetic'," Elementary School Journal, XLV (September,
19Lk), 23-32.

Very good to increase the child's insight into the
problem.
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Wahlstrom, Ebba L., "The Computational Arithmetic of
Soclal Experiences of Third-Grade Children," Journal
of Educational Research, XXX (October, 1936), 175=83.

Indicates that the arithmetic now taught in grade
three exceeds the child's needs for addition and that
subtraction covers most of the needs at this age.

Willey, Roy DeVerl, “A Study of the Use of Arithmetic in
the Elementary Schools of Santa Clara County, Cali-
fornia,® Journal of Educational Research, XXXVI
(January, 19L3), 353=85.

Attempt to improve teaching by making it interesting
and putting it in life situations.

Willey, Roy D., "Use of Arithmetic in the Out-of-School
Iife of Children," The Mathematics Teacher, XXXV
(January, 1942), 23-28,

A story of the evolution of arithmetic in the out-
of-school 1life of children beginning with the work
of Binet in 1890.

Wilson, Guy M., "Criteria of the Written Problem in
Arithmetic," Education, LIV (April, 193L), L57-60.

A good article showing the absurdity of many written
problems,

Wilson, Guy M., "The Social Utility Theory as Applied
to Arithmetic: Its Research Basis and Some of Its
Implications," Journal of Educational Research, XLI
(Janvary, 19L48), 321-37.

Social utility theory defended as a method of
teaching arithmetic.

Instruction Through Co-curricular Activities

Just as there is evidence to support the social utility
method of instruction, there is justification for teaching some
aspects of arithmetic through the activity program. It is
believed that a good teacher must reap the good from all these

methods as they apply to the situation at hand.
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Harap, Henry, and Charlotte E. Mapes, "The learning of
Decimals in an Arithmetic Activity Program," Journal
of Educational Research, XXIX (May, 1936), 685-53.

A continuation of a very favorable experiment on
learning decimals in socially real situations.

Harap, Henry, and Charlotte E., Mapes, "The Learning of
Fundamentals in an Arithmetic Activity Program,"

Elementary School Journal, XXXIV (March, 193L),

Presents the results of a study showing that funda-
mentals in fractions are efficiently learned when
they arise in activity units in a random order without
further practice.

Passehl, George, "Teaching Arithmetic Through Activity
Units,® Peabody Journal _c_>£ Education, XXVII No. 3
(November, 19L9), 1L3=52%

A classroom study showing that children can learm
the fundamental operations in an informal atmosphere
such as the activity program.

Wheeler, lester R., "A Comparative Study of the Diffi-
culty of Iearning the Multiplication Combinations,"

Pedagogical S and Journal of Genetic Psychology,
IIX igeptember, ), 185-206.

Study of 3L2 children in the third grade who learnmed
multiplication by playing & game.

Weakness in Teaching Methuds

The above studies have all been of a positive nature and
classified accordingly, but in this section entitled "weaknesses"
an attempt has been made to include those studies which emphasize
the low qualities of some methods. In this way it is possible to
present a better view of the facts pertaining to methods of
instruction.

Grossnickle, F. E., "Illustrations in Arithmetic Text-
books," Elementary School Journal, XLVII (October,
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There is need for more functional pictures with more
problems accompanying each illustration.

Guiler, W, S., and Vernon Edwards, "An Experimental Study
of Methods of Instruction in Computational Aritlmetic,®

Elementary School Journal, XLIII (February, 19L3),
3 .

A controlled experiment of L12 pupils in the upper
grades showing abilities in which they are weak.
Individualized group instruction is more effective
than conventional group instruction.

Henderson, Kenneth B., "Wealmesses in Arithmetic
Teaching." See Computation, Drill and Review,

Maclatchy, Josephine H., "Seeing and Understanding in
Number,® Elementary School Journal, XLV (November,
19hk), 1LL=52.

Shows that early deficiency in number continues
unless pupils are definitely taught the facts and the
processes of number.

Swenson, Esther J., "Difficulty Ratings of Addition
Facts as Related to the learning Method," Journal of
Educational Research, XXXVIII (October, 19LL), B1-85.

The method of teaching has a very important part in
the learning process.

Tyler, Ralph W., "What the Schools Can Learn from the
Training Programs of the Armed Forces," Elementary
School Journsl, XLV (May, 19L45), L95~502%

Points out that the schools need to have clearer
objectives for the students.

Wilson, Dorothy W., "Teaching Denominate Numbers and
Measures," Educational Method, XVI (January, 1937),

Shows that usual method is time wasted.
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CHAPTER VI

CURRICULUM AND COURSES OF STUDY

Under the above title are gathered together those reports
of research which deal with the evolution of the textbook showing
the trends of emphasis and the best arrsngement of materials.

In earlier chapters materials and methods have been stressed, but
in this chapter the emphasis is on content and arrangement to
facilitate instruction in the classroom.

Trends on Emphasis in Textbooks

Through the years and in different schools of thought,
emphasis has been placed on different parts of the arithmetic
curricula. As these trends are carefully studied, we should
arrive at a reasonable balance of stress on various topics.
These studies cover a long period of time, in some cases going
back as far as the textbooks of 1790, so the errors of the past
should be quite evident. With this continucd follow up, the trend
should be more easily seen,

Metter, Harry L., "Irends in the Emphasis on Various

Topics in Arithmetic Since 1860," Elementary School

Journal, XXXIV (June, 193L), 767-7‘5’.““‘3z R

Iists items receiving more or less attention in f£ifty-
five textbooks between 1860 and 1933.

Nyberg, Joseph A., "Arithmetic Now and Ten Years Ago,"
Journal of Business Education, XXV No., S (January,

» r':lo

An intsresting plece of classroom research showing the
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need for a practical arithmetic course for those students
not going beyond high school, p

Smith, Henry L., and Merrill T. Eaton, "Analysis of Arith-
metic Textbooks (First Period—1790 to 1820)," Bulletin
of the School of Education, Vol. 18, No. 1, Bloomington,
Tndfana: Indiana University, 1942, 56 pp.

. (Second Period—1821-1850, and Third -Period--1851-
1880), Vol. 18, No. 6, 19L2, 112 pp.

(Fourth Period--1881-1910), Vol. 19, No. L, 1943, 62 pp.
(Fifth Period—1911-19L0), Vol. 19, No. 6, 1943, LS pp.

Smith, Henry L., Merrill T. Eaton, and Kathleen Dogdale,
"One Hundred Fifty Years of Arithmetic Textbooks,"
Bulletin of the School of Education, Indiana University,
Vol. XXI, No. 1, Bloomington, indiana: Bureau of Coop-
erative Research and Field Service, School of Educa-
tion, Indiana University, 1945, 15L pp.

The best available factual data for a history of the
development of arithmetic textbooks in America during
the past 150 years. The present publication is culmi-
nation of a series of previous investigations.

Wheat, H. G., "Change and Trends in Arithmetic Since 1910,"
Elementary School Journal, XLVII (November, 1946), 13k~
Ly

A good discussion of the trend toward "meaning" for
the child,

Yorke, Gertrude C., "Three Studies on the Effect of Com~
pulsory Metric Usage," Journal of Educational Research,
vaI (Janual'y‘, l9hh), Eug—;I‘

Review of three studies, one her own, on the extent
of usage of metric system in countries where it is
legally compulsory.

Grouping and Grade Flacement of Materials

Another important aspect of teaching arithmetic consists
of grouping the material in such a way that it is easily under-

stood. Some processes being much more complex than others,
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curriculum designers and textbook writers should arrange the material
according to the maturity of the pupils. As the responsibility
falls back on the teacher to arrange the material in the best poassi-
ble order, teachers will find this contribution vital to improved
instruction.

Brownell, W. A., "Readiness and the Arithmetic Curriculum,®
Elementary School Journal, XXXVIII (January, 1938),

Describes three sources of research supported by a
lengthy bibliography.

Brueckner, L. J., "Typical Research Relating the Curric-
vlum to Child Development," Elementary School Journal,
XL (January, 19L0), 3L8-65.

A study of the kinds of research on child development
as applied to curriculum building.

Johnson, J. T., "Evaluation of Research on Gradation in
the Field of Arithmetic," Journal of Educational
Research, XXXVII (November, 19L3), 16313«

A review and a very extensive discussion of some of
the results of research on grade placement in
arithmetic.

Osborne, Raymond W,, and Harry O, Gillet, "Mental Age Is
Important Factor in Teaching Arithmetic," Nations
Schools, XII (July, 1933), 19-2L.

Shows optimum placement of topics.

Raths, louis E., "The Grade-Flacement of Addition and
Subtraction of Fractions," Educational Research
Bulletin, XI (January 20, 1932), 29-38.

Determined mental age at which seventy~-five percent
of children mastered certain processes.

Ruch, G M., "Relative Difficulty of the One Hundred
Multiplication Facts with Special Reference to Text-
book Construction,” See Multiplication.
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Ulrich, Robert P., "Grade Placement of Computational
Topics in Arithmetic," Elemen School Journal,
XLITI (September, 19i1), 50-

Topics of several textbooks classified,

Washburne, Carlton, "One Reason Children Fail in
Arithmetic: A Committee of Seven Investigation,"
Progressive Education, IX (March, 1932), 215-223.

Investigation shows failure is due to introducing
material before children are ready for it.

Washburne, Carlion, "The Teaching of Linear Measure,
Square Measure and Time,® Elementary School Journal,
XIXXIX (March, 1939), 509-23.

An attempt to determine the mentel-age level at
which pupils may understand certain topics in
aritmmetic.

Wetherington, Julia, "Grade Flacement of the Content of
Arithmetic," Elementary School Journal, XXXVIT
(September, 1935), E—Eé.

An analysis of ten courses of stiudy.

Evaluation of Textbooks

Textbooks are often scrutinized in an effort to determine
the books containing the best qualities. On the other hand, it
may be desirable to analyze a given series of textbooks to deter-
mine to just what extent various functions are taken care of without
reference to comparison with other books. The studies which follow
are therefore of varying nature, but all bear upon an analysis or
evaluation of textbooks.

Andreen, Earl P., "A Study of Workbooks in Arithmetic,"
See Self Imstruction.

Brueckner, leo J., and James A. Irving, "A Technique for
Comparing the Difficulty of Problems in Textbooks
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in Arithmetic,”™ Elemen School Journal, XXXIIT
(December, 1932), 283-85.

Gives a measuring device for textbook committees on
relative difficulty of problems.

Dexter, C. E., "Analysis of Written Problems in a Recent
Aritmetic Series," Education, IXV (April, 1945), L488-90.

Experiment showing that many problems in textbooks are
pointless.

Distad, H. W., "An Analysis of the Drill Provisions in
Division of Decimals in Ten Arithmetic Series,"
Journal of Educational Research, XXVII (March, 193L),
509-23-

Analysis of ten series of texts published between
1925 and 1930. Gives relative amount of space given
to each type of problem.

Grossnickle, F, E,, "Concepts in Social Arithmetic for
the Eighth-Grade Level.," See Social Utility Method
of Instruction.

Grossnickle, F. E., "Cues in Division Problems Given in
Nine Representative Textbooks in Arithmetic.™ See
Division.

Grossnickle, F. E., "I1lustrations in Arithmetic Text-
books.® See Weakness in Teaching Methods.

Gunderson, Agnes G., "Measurement in Arithmetic Text-
books for Grade Three," The Mathematics Teacher,
XXXV (March, 1942), 117-21.

Analysis of twelve textbooks for space given to
measurement.

Jaffee, Philip, "Technique for Evaluating Arithmetic
Courses of Study," Journal of Experimental Education,
V (June, 1937), 351-55.

Statements supported by research for setting up
program.

James, Grace E., "A Study of the Isolated Problems of
Four Aritimetic Test Series,” Educational Method, XVI

Shows that many problems have little permanent value.
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O'Rourke, Everett V., and Cyrus D, Mead, "Vocabulary Diffi-
culties of Five Textbooks in Third-Grade Arithmetic."
See Vocabulary of Arithmetic.

Stadtlander, Elizabeth, "Arithmetic Theories, A Btate

Course of Study and Textbooks,” Elemen School
Journal, XLI (February, 19)1), L438-53,

Analyzes five textbooks in relation to four prevailing
theories of instruction.



CHAPTER VII
TESTING AND TESTING TECHNIQUES

Testing is being given much more consideration in the schools
today than formerly. We have come a long way with the testing pro-
gram, but much remains to be accomplished in this field. A wise
teacher will want not only to experiment for finding better
methods, but will want also to keep up with the results of research
in this important program. It is believed that the citations
following will be of great help to teachers in improving testing

techniques,
Readiness Tests

Testing for readiness is one of the newer concepts in the
testing program. It consists of determining the relative difficulty
of various items and then correlating this with the mental and
educational age of the pupils. Preliminary work in this field is
already done by the textbook writers and couv ‘ses of study, but
with increased individual differences and other variable factors it
is always necessary for teachers to comsider readiness testing.
Suggestions are presented here for devising and using readiness tests.

Brueckner, L. J., ®"The Development of Readiness Tests in

Arithmetic,® Journal of Educational Research, XXXIV
(September, 19L0), 15-20.

TNlustrates procedures employed in devising and
validating a readiness test.

Brueckner, L. J., "Development and Validation of an Arith~
metic Readiness Test," Journal of Educational Research,




XL (March, 1947), L96-502.
Detailed analysis of a good readiness test.

Dickey, John W., "Readiness for Arithmetic." See Analysis
of Teaching Methods.

Gunderson, Agnes G., "Number Concepts Held by Seven-Year-
Olds,"™ The Mathematics Teacher, XXXIII (January,
1940), 18=2L.

A study of the concepts which children recall. Useful
in determining readiness.

Koenker, R. Hs, "Arithmetic Readiness at the Kindergarten
level," See Concepts of Pre-School Children.

Olander, Herbert, and others, "Predicting Arithmetic Achieve-
ment," Journal of Educational Research, XLIII (September,
19199, B&=73.

Examination of several types of readiness tests together
with the relationship between predicting success in
arithmetic as compared with other subjects,

Souder, Hugh Cowan, "The Construction and Evaluation of
Certain Readiness Tests in Common Fractions,®™ Journal
of Educational Research, XXXVII (October, 19L3Y, 127-3k.

Readiness tests proven to be valuable in instruction.

Wittich, Walter A,, "A Number-Readiness Test," School
Executive, IXI (March, 1942), 11-13,

Describes test for first grade for determining
readiness for items.

Wulfing, Gretchen, "Maturation as a Factor in Learning,"
California Journal of Elementary Education, IV

(February, 1936), 1L3-5L.

First half deals with reading and last half with arith-
metic readiness. Review of studies and bibliography.

Methods of Scoring

Scoring is certainly an important part of the total testing

program. It has been shown that the method of scoring makes a
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decided difference in the results to be obtained. Unless the score

is as nearly accurate as possible and we can interpret it, our
testing program is worthless. For this reason experiments have
been conducted to help make the score more meaningful.

Grossnickle, F, E,, "How a Method of Scoring a Test in
Division Affects the Score." See Division.

Grossnickle, F, E,, "Some Factors Affecting a Test Score
in Division of Decimals,” Journal of Educational
Research, XXXVII (Janvary, 10LL), 330=52.

Test items should be arranged and relatively easy.
Wilson, G. M., and Gertrude L, Hanley, "For Basic Drilll

in Arithmetic, What Norm or Average is Satisfactory?"
The Mathematics Teacher, XXXII (April, 1939), 175~768.

Drill work must be perfect in order to be of value
to the student. Norms are unreliable for this work.

Measuring Understandings

This phase of measurement is quite new and is as yet not
fully developed. It would certainly be wonderful if teachers of
mathematics could be able to determine to what degree pupils
understood and appreciated certain idees in ar. thmetic. Often-
times accuracy and other factors come between understanding and
the test score.

Spache, G., "Test of Abilities in Arithmetic Reasoning,”
Elementary School Journal, XLVII (April, 1947), LL2=h5.

Analysis of a test for measuring the child's ability
to reason. Correlation is positive between reasoning
and other mathematical skills.

Sueltz, B. A., "Measuring the Newer Aspects of Functionsl
Aritimetic," Elementa% School Journal, XLVII

(February, 19L7), .




Improving the program in aritimetic by showing that
old formal tests do not show the child's appreciation
for the subject.

Reliability of Tests

Too often teachers give tests and assume that the results
are infallible. While there are a large number of standardized
tests on the market, it is often more practicable to give a good
teacher-made test. Teachers then should be familiar with methods
of determining validity and reliability of their tests.

Beattie, Louise, "Standardized Tests in Arithmetic,”
Educational Method, XVI (January, 1937), 175~76.

An analysis of several good arithmetic tests.
Brueckner, B3 J «y "Persistence of Error as a Factor in
Diagnosis.,” See Remedial Measures.

Individual Differences and Achievement

Arithmetic is a subject in which individual differences is
most pronounced. If children fail to see a given process, they are
from that time on retarded. This makes it chal.enging to a teacher
of arithmetic to see that the needs and abilities of all the pupils
are cared for.

Cruickshank, W. M., "Arithmetic Ability of Mentally

Retarded Children,"™ Journal of Educational Research,

XLII (November and December, I9LB8), 161-70, 279-00.

I. "Ability to Differentiate Extraneous Materials

from Needed Arithmetic Facts."” Retarded students of

a given mental age are inferior in problem solving
to nermal children.

II. "Understanding Arithmetic Processes.” Shows that
mentally retarded children of a given mental age are




not consistent in their solutions.

Eaton, M. T., "Survey of the Achievement in Arithmetic of
ﬁ’BhB Sixth-Grade Pupils in 1486 Schools in Indiana,®
diana University School of Education Bulletin, XX
h, TOW), 162

Extensive tabulation of results of Stanford Intermed-
late Arithmetic Test when given to about a quarter of
the sixth-grade enrollment of Indiana.,

Engelhart, Max D., "The Relative Contribution of Certain
Factors to Individual Differences in Arithmeticel
Problem Solving Ability," Journal of Experimental
Education, I (September, 1932), 19-27.

A good article of ability of varying kinds.

Long, louis D., and Livingston Welch, "The Development of
the Ability to Discriminate and Match Numbers,"

Pedagogical Seminary and Journal of Genetic Psychology,
TIX iﬂecemﬁer, 1'9&;,777-8'7. o

An experiment showing that ability to discriminate
and match numbers increases with age.

Olander, Herbert, and others, "Predicting Arithmetic
Achievement.® See Readiness Tests.

Wilson, G. M., "A New Incidence of Learning for the
Fundamentals of Arithmetic," Journal of Educational
Research, XXXIII (February, 1940), L25-33.
Distribution of scores on the Wilson Addition Process
Test,

Diagnostic Testing

Among the many kinds of testing is diagnostic testing, which
consists of giving a test that is so especially designed that one
is capable of discovering specific weaknesses not determined by

ordinary means,

Brueckner, Leo J., "Persistence of Error as a Factor
in Diagnosis,” Education, LVI (November, 1935), 1L0-kl.
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Shows that pupils do not make the same errors repeatedly
gr;a the same test; therefore, one test is usually unre-
ble.

Brueckner, leo J., and Mabel J. Hawkinson, "The Optimum
erder of Arrangement of Items in a Diagnostic Test,"
ementary School Journal, XXXIV (January, 193L)
3 1- 7. 3’ b b

Tests should consist of four or more items of each
type arranged in rows.

Brueckner, Leo J., and Mary Elwell, "Reliability of
Diagnosis of Error in Multiplication of Fractions,"
Journal of Educational Research, XXVI (November,

1932), 175-85.

Shows that at least three examples of each type is
necessary for reliable diagnosis.

Olander, Herbert T., "The Need for Diagnosis Testing,"
Elementary School Journmal, XXXIII (June, 1933),
T36-15.

Discusses effect on the score by method employed in
problem solving.

Shores, J. H., "Why Children Dislike Arithmetic," Educa~
tional Administration and Supervision, XXXII

(September, 1916), 357-63.

Review of previous research on this important question,
with recormendations.

Williams, Claude L., and Ruth L. Whitaker, “Diagnosis of
Arithmetic Difficulties," Elementary School Journal,
XXXVII (April, 1937), 592-500.

A general report of individual diagnosis tests given
in the upper grades,

Remedial Measures

After difficulties are located, it is necessary to take

remadial measures to correct the deficiency. Sometimes that work

comes in the form of review and drill in the fundamentals while on
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other occasions it is special training which seems to lead to more
indirect results. There is a difference of opinion as to the value
of this work. No doubt this is an area in which more work needs
to be done in order to show appreciable results.

Bemis, Eaton O., and W. C. Trow, "Remedial Arithmetic
After Two Years," Journal of Educational Research,
IXXV (February, 19L2), LL3-52.

Reports that remedial work is of less value than
usually supposed.

Blair, Glenn Myers, "Remedial Arithmetic in Senior High
School," The Mathematics Teacher, XXXVI (December,
1943), 3L6-50,

Discusses the subject on the basis of a previous
research study in 166 high schools.

Christoffersen, R. 0., and W. A. Wittich, "Navy Statis-
tics and Mathematics Retention,® See Computation,
Review and Drill.

Guiler, W. S., and Hs B, Hoffman, "Improving Computa-
tional Habits of Ninth Grade Pupils,® Educational
Administration and Supervision, XXIX (September,

3

Experiment on remedial needs of a large number of
students.

Jacqueline, Sister Mary, 0. P., "An Experiuwent in
Remedial Teaching in Arithmetic," Elementary School
Journal, XLI (June, 1941), 7L8-55.

Remedial work should be interesting and very beneficial.

Randall, Joseph H., "Corrective Arithmetic in Junior High
School," Educational Method, XVI (January, 1937),
182-85.

Results of experiment in remedial arithmetic in the
junior high school.
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CHAPTER VIII

GENERAL RESEARCH

This chapter contains reports of research which are either
general in scope so that they could not be rightfully classified
under any special topic in the field of arithmetic as well as those
dealing with research itself. Many of the titles listed below are
those of the nature of this compilation excel;t that they cover
only a very limited period of time or a special aspect of teaching
arithmetic, A few of these studies proved useful to the author for
the purpose of securing information about other research articles
which were unavailable for review for this compilation. Several
bibliographies contain a large number of titles which have been
classified as quite important even though they do not fall into the
category of true research. Should the reader be interested in some
of those titles, they may be easily obtained from the following
reports.

Brownell, William, "Frontiers of Education.l Research
in Arithmetic,® Journal of Educational Research, XL

(January, 1947), 373-80.

A history of research with list of problems and needs
yet to be studied.

Brownell, William A., "Teaching of Mathematics in Grades
I Through VI,® Review of Educational Research, XV
(Octover, 19L5); 276-88,

Classified review of eighty-two studies of the
previous three years.

Brownell, W. A., and F. E. Grossnickle, "Teaching of
Mathematics in Grades I Through VI," Review of Educa-
tional Research, XII (October, 1942), 386-LOL.
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A review of 142 articles and books of research and
otherwise,

Brueckner, leo J., and others, MArithmetic,™ Review of
Educational Research, VII (December, 1937); L53-63«

A review of research over a three year period.

Brueckner, lLeo J., and others, "Special Methods and
Psychology of the Elementary School Subjects: Arith-
metic,” Review of Educational Research, VII (December,
1937), L53-83; Arithmetic-5Lo-L7.

Fifty titles in arithmetic considered over a three year
period,.

Buswell, Guy T., or Leo J. Bruecknmer, "Selected References
on Elementary School Imstruction: III, Arithmetic,™
Elementary School Journal, XXXIV—-L (November, 1933-L9).

This annual report, usually by Buswell, carries a good
bibliography of research and critical discussion
related to instruction. While this is a very select
list, the emphasis is on material to improve instruc-
tion and is not all true research.

Buswell, Guy T., "Outlook for Researc(:h in Aritmle;t:;c,“
Elementary School Journal, XLVII (January, 1947),
m“ﬂ. e

Shows that much inferior material is coming out and
challenges the field to recapture the spirit of true
research,

Douglas, H. R., and others, "Mathematics,"” R view of
Educational Research, II (February, 19327, 7-2C.

A review of a few valuable studies in mathematics,
grades seven to twelve.

Grossnickle, Foster E., "Still More Ac(lo About Zero,';
Elementary School Journal, XXXIII (Januwary, 1933),
358-8L.

An analysis of previous articles by Dickey and Wheat
regarding zero.

Knipy, M. B., "An Investigation of Experimental Studies
which Compare Methods of Teaching Arithmetic," See
Methods.




Moser, Harold E., "Teaching of Mathematics in Grades
VII and VIII,"™ Review of Educational Research, XV
(Octover, 19L5), 298-300. )

A bibliography and review of twelve studies.

Schribner, Margaret, "A Summary of Arithmetic Research,”
Educational Administration and Supervision, XXXIV
{October, 19L8) , 368-72. Part 2 of WUndergraduates

Interpret Educational Research," by Lois Ada Wilson,
365~76.

A number of ideas are covered, ranging from order of
difficulty of fundamentals to curriculum and social
utility methods.

Wilson, Guy M., "Bibliography Written Problems in Arith-
metic," Education, LIV (April, 193L), L80-83.

Unannotated bibliography of eighty-five references.

Woody, Clifford, "Nature and Amcunt of Arithmetic in
Types of Reading Material for the Elementary Schools."
See Arithmetic in Reading Materials,

Woody, Clifford, "Arithmetic," Review of Educational
Research, V (February, 1935), 1L-30.

The literature published from October 1, 1931 to July
1, 1934 is reviewed.
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CHAPTER IX

CONCLUDING SUMMARY AND RECOMMENDATIONS

The number of articles appearing in print each year pertaining
to arithmetic is increasing rapidly, but in spite of this fact, the
number of these articles which bear the earmarks of research is by
no means increasing. It has been discovered in reviewing numerous
articles for this compilation that almost without exception the
majority of the titles listed in the bibliographies bear dates
prior to 1930. This fact indicates that fewer contributions of
significant worth are appearing as well as the fact that the few
studies which otherwise might be of real value are unnoticed amid the
large volume of material of lesser importance.

* It is believed that this present compilation should serve the
purpose of keeping before the reader those experiments and findings
which are new and of value to all concerned. While a detailed
analysis of each piece of research is left to be accomplished by the
coming generation, it is firmmly believed that t} s present prelimi-
nary classification is of utmost importance to teachers and others
interested in securing the best information regarding certain
aspects of arithmetic. Since a large majority of the experiments
covered in this stud& were conducted in the classroom situvation, the
results lend themselves most readily to classroom teaching.

It is the contention of the writer that compilations of this

nature in other fields of endeavor should likewise be made. It is

also believed that future study in the field of elementary arith-
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metic would be justified. While completeness is striven for, it is

many times impossible for the examiner to bbtain and review all the
articles which appear in less well known periodicals., For this

reason the writer welcomes further research along these lines. At

the same time, future study could keep the index current.
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