
THE EFFECTS OF SUMMER VACATTON

I{ATI{EMATTCAL FACTS

A Thesís

Present,ed. to

the FacultY of Educat'ion

The UniversitY of ¡lanitoba

ON BASIC

In ParÈia1 Fulfil}ment

of the Requirements for the Degree

Mast,er of Education

by

Arthur K" Miki

August 1975



The Effects ofsummer Vacation on

Facts

A dissertution submitted to
the University of M¿¡nitobu

ol'thc degree of

@ 1975

Pe'rissio¡r l¡us bec¡r gra'tctr to trre LTBRARy oF Tlru uNrvr.:R-
srry oF' MANrr.,lrA to rcnd or seil copies of trris dissertatiorr, to
trrc NATT'NAL LTBRARy oF CANAr)A to ¡ricrorìrm this
rlissertation and to rend.r seil copics of the firnr, und uNrvËRSrry
MICROFTLMS to publish an ubstruct of ilris dissertation.

The autlror reserves other pubricatiorr rights, and ncitrrcr ,re
disscrtation nor extensive cxtracts t'runr it 

'ruy 
be printed r¡r .trrer_

wise reproducea without tru uuthor's writtc¡r pcr'rissio'.

Basi c l,lathemati cel

the Faculty of Gracluatc Stu<lies <¡f

in purtial fulfillment of'the requirements

ftlaster of Education

@F mary¡7664
.Ë4¡-+

$/snnnres



ACKNOT{IEDGEMENT

I wouLd IÌke to express my sincere gratitude to

Sist,er CLare O'Neill, chairman of the thesis committee,

for her encouragement, guidance and patience through-

out thìs study; to Dr. Lauran Sandals, member of the

thesis committee, for his statisticaL assistance; Lo

Dr. PhÌlip Husby, also a member of the thesis committee,

for his help and guÌdance

In addition, I am indebted to the students of

Vüayoata School in Transcona for their participation in

this study; to Mrs. Vera Derenchuk. Superintendent of

Transcona-SprÌngfield Schoo1 DivisÌon, for allowing me

to conduct this research.

Finallyr fry sincere appreciation to my wife,

Keiko, and to my chÌldren for their encouragementr Pa-

tience and understanding during this time.



ABSTRACT

The purpose of thÌs stud'y was to investigate the

effect,s of sunmer vacation on the retention of learned'

basic facts in mathematÌcs. Test.s Ìn basic add,ition'

subtraction, multiplÌcation and division facts \Àlere

administ,ered. to stud.ents in grades three, four and f ive

in June. Following the sLlmmer vacation the same tests

vrere read.ministered to the same students -

A sample of two hundred seventy-four students from

l,rTayoaLa Schoo1 Ìn the Transcona-springfield School Divis-

ion #12 was involved Ìn the study.

The paired t-test was employed to determine the

signifìcance of differences in achÌevement between the

June test scores and. the september test scores. The

analysis of Covariance desìgn and the Scheffé test \^lere

applied to determine significance of differences in re-

tention between grade Levels. Four correlat'ion matrices

involving eÌght variables \^Iere formed - one for the total

sampÌe and one for each grade level.

Although the fÌndings \¡rere found t,o be statistical-

Iy signif icanÈ, the resuLts vrere assessed in t,erms of

theÌr educat,ional relevance. Significant differences did

not necessariJ.y imply that a student's loss of the basic

facts would meaningfully affect his performance when

l-



applyÌng the facts to comput,atÌona1 questìons. If a

difference \,üas statistically significant but the actual

difference \¡ras too small in the opinìon of thÌs invesÈi-

gator to have educatÌonal ìmpJ.ications, then it, was not

considered meaningfully sìgnifÌcant.

Tn this stud.y, tlre results showed Èhat differences

in achÌevement, between the June scores and the September

scores Ìvere meaningfully signifÌcant in addit,ion and. in

subt,raction facts for students in grade three, but were

not meaningfully significant for st,udents in grade four

or Ìn grade five. For multÌplÌcation and dìvÌsÌon facts,

d.Ìfferences between the June scores and Sept,ember scores

were meanÌngfully significant, for both the grade three

and the grade four students. This was not true for

students in grade five.

Moreover, the result,s showed that at each grade

Level the retention of the basic facÈs increased with the

grade IeveI. Hovlever, when comparing d.iff erences beÈween

grad.e Levels, it, was shown that reÈentÌon of addition

fact,s \^7as meanÌngfully significaht between grades three

and five, but not between grades three and fourr or bet-

v/een grades four and five. For subtraction facts, there

!ùere no ret,entÌon differences between any pair of grade

leveLs. Dif f erences \¿üere meaningfully signif icant in

Ll-



retention of multiplicaÈion facts between grades three

and, five, and between grades three and. four. This was

not the case between grades four and fÌve. In division

facts, significant differences 'îr\7ere found between each

pair of grade Levels.

The study concLudes that stat'isticaJ-Iy suillmer

vacatÌon has a detri¡nental affect on the retention of

the basic mathematÌca] facts, but, that the results are

not, aIÌùays educationally relevant.

l- l_ l-
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CH.A.PTER 1

INTRODUCTTON

RecogniZing that there is likely to be a decrease

in the mastery of mathematical skills after the summer

vacation, some teachers have mod.Ìfied the curriculum

so that important areas wÏììch have been learned are re-

viewed to overcome thìs problem" This concern reveals

itsel-f in the numerous Ìnvestigatìons beginning Ìn the

1920's on retent,ion of mathematÌcal skills after the

suÍtmer vacation. Several of these studÌes \,,/i11 be dis-

cussed specifÌcaI1y in the following chapter'

In general, past research has srlown that losses

in mathematical skìI1s occur d.uring the suÍlmer vacation.

The result,s of the retention studies revie\,üed are based

on the analyses of st.andardized. and non-standardized

lso*. studÌes which have shown t'hat losses in
mathematical skills have occurred during the sunmer vac-
ation are:

M.A. Garfinkle, "The Effects of Summer Vacation
on Ability in the Fundamentals of Arithmetig, " .'loYrnal
of Educational P'sychology, X [January, 1919) ' 44-48'

"Effects of the Summer Vacat'ion
on tbe Achievement of PupÌls in the Fourttr, Fifthf and
sÌxth Grades," Journal of Educational Researchr xvIÏI
(Návember, 1928

SÌster JosephÌna, "DÌf f erences in Arit'ÏuuetÌc
Performances, rt tÏie: Arithm"t.lI=a"huå, VI (April r 1959) t
152-153.



tests used to measure maLhematical skilts. Generally'

these tests measure computational skills in additiont

in subtraction, in mult,iplication and in division of

whole numbers. Because t,he generality of these tests

covered a variety of concepts and processes, the effect

on a single concept or process \À7as not determined.

MathemaÈics, Bid.we112 claims n has a clear struc-

ture of concepts which is sequential and interdependent.

Thus, if a student is t,o develop a knowledge of a math-

ematical topic, the concepts must be properly sequenced

with each netiü concept properly related to what he al-

ready knows. The more meaningful mathematics is, the

longer it is retaÌned. However, if one or more depend.-

ent concepts is weak, tbe ret,ention of mathemat,ical

skilLs \^fi11 be af f ected. The development of mathematical

competency is dependent on the conceptual understanding

of a skill at each Level of its structure'

The knowled.ge of the basic mathematical facts

whiclr provide a foundation for computational growth is

vÌtal Ìn developing mathematical competency. Previous

2- h! r---l a rluames K' Bidwel'l' ''lLearning
Arithmetic, " Thè. Ariph:lnëtÌê-Tèacher '263-268.

Structures for
XVI (april , 1969) ,



studies by Brueckner3 and cook4 h¿rr" focused on the re-

tenÈion of the basic f act,s d.uring the summer vacation,

but, their stud.ies are lj:nited mainJ.y to addition facts

at the grade two level. While basic ad.dition and sub-

traction facls are introduced and taught in grades one

or two, basic multiplication and division facts are

usually not, introduced. until the grade three level. Be-

cause al1 tþese facts are vital t'o computational com-

petency, this investigator wÌshes to determine how ef-

fectÌveIy facts are retained after the summer vacation

at the grad.e three, grade four and grade five leveIs.

Moreover, this investigator wishes to explore the rela-

tÌonship of the retention of the basic facts among grade

levels.

3r,. J. Brueckner, "Certain Arithmet'ic Ability of
second Grad.e Pupils," ELementary school Journal, XXVÏÏ
(February, 19271, 433-444.

4nrth cathlyn cook, "vacation Retention of Funda-
mentals by Primary Grade PupÌIs, " Eler_ng+tary school
Journ?l, ixllr (December, 1942), 2I4-2I9'



CHÄPTER 2

RE],ATED LTTERATURE

The review of lit,erature will focus on two areas:

fÌrst, the study of retentÌon and forgetting; second.

the researclr st,udies on the retentìon of mathematical

skÌI1s aft,er the summer vacation.

After retent,ìon and. forgetting are defined in

the first section, a discussìon on how different learn-

ing maLerìa1s affeCt the retention curve follows. Fur-

thermore, a descrìptìon of the !úays retention is measur-

êd, and a discussion of the factors h¡hich affect re-

tent,ìon and forgetting are included"

The next sect,Ìon revìews the research studies on

ret,ent,Ìon of mathematÌcaI skÌI1s after the sufilmer vac-

atÌon. A summary of findings based on these retention

studìes concludes this chaPter.

R'ETENTTON AND FORGETTÏNG

Ret,ention refers to the amount of previously

learned material which persists or has been retained by

the subject, whereas foi,ge.tting refers to the amount

whiclu has been 1ost or has not. been retained.l Re-

York: J. B" LiPPincott ComPanY,

f¡ohn r. HaIl, Thê- of- Learnins (New

, $p-. -547-s a a .



t.ention and forgettÌng are different, aspects of the same

process or different \^/ays of viewing the same dat,a. A

retention of 100 per cent implÌes no forgetting whereas

retention of 0 per cent ìmplies 100 per cent forgetting.

Retent,ion is the basis for measuring effective

learning, whìch is defÌned as a change Ìn behavior re-
sulting from experien.".3 This implies an improvement

in performance resultÌng from practice. Thus, Èhe effi-

ciency of a learning situat,ion can be measured by the

d.egree of retention or forgetting experienced by the

learner.

Retentìon Curves

RetenÈion curves vary with the kind of materials

learned. These may be classified. into meaningless and

meanÌngfuL materials.

Nonsense syllables are meaningless material- which

a student learns by rot,e. One of the initial studies

on retentÌon based. on meaningless material was conduct-

a

2

2_--John Ä" McGeogh and Arthur L. Irionr The Psy-
choì-ogy of Human T,earning (New York: David. McKày cô.

3, rr-r -James Deese and Stewart H. Ìlul-se, Thê Psychol-
ogy of Ì,earning (3rd ed.; New York: McGra\^I-HiTEF
@p.380.



ed by H. Ebbingharr".4 He fÌrst invented nonsense syl-

lables in order to have learning tasks free of previous

experience, and then used hìmself as a subject in the

experÌment. He f ound that, forgettÌng \^Ias extensive and

rapid, especially immedÌately after learnìng. Since his

experiment, many simìLar studies in retent,Ìon and for-
get,tÌng support his f Ìndings. Af ter reviewing many

studÌes McGeogh states:

It may be concluded that, over a wide range
of conditions, the course of retention of non-
sense syllab1es may be represented by a curve
which has its most rapid faII during the time
immediat,ely after the cessation of practice
and which declines morè and more slowly with
increasÌng int,ervals. 5

Although some of the studies have shown some variations

from the results of Ebbinghaus, in general, the curve

of retentÌon still conforms to that of Ebbinghaus.6 The

generally accepted retentÌon curve of relatively meaning-

Less mat,eriaL such as nonsense syllables is shown in

Figure 1.

4,_=Hermann Ebbinghaus, Memory, Translated by Henry
A. Ruger and Clara E. BussenÏFr--þ{ew York: Dover Public-
at,Ìons Inc., 1964) .

sMcceogh and lrionr op. cit., pp. 356-357.

waukee: The Bruce
6wi11Ìam a. Ke11ey, EducationaL

Publishing Co.,
(Mir-
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on the other hand, facts and ideas are examples

of meanÌngfu1 materials. Facts have meaning for the

Learner and are Learned by rote, whereas id.eas refèr to
a collection of related facts and contain highly associ-

at,ive values.

Briggs and ReedT conducted an experiment to de-

termine t,he reLat,ionship of Ebbinghaus' curve of reten-

tion wÌth meanìngful mat,erials. The resuLts yielded.

a curve similar t,o t,he curve of retention n but the level
of retention was higher than in studies published for
nonsense mat,erials. Figure 2 shows the reLat,ionship of

the ret,ent,ìon curve for material classified according

to the degree of meaning.

As meanÌng increases, therefore, the material is
more readÌIy retaìned and the rate of forgetting becomes

slower. McGeogh point.s out that comparisons between

different materials cannot, be made legitimately because

the conditions of original learning are not comparable.S

However, he argues that there is good reason for con-

cludÌng that meanìngful materials are usually much bet,ter

Tl,esLie J. BrÌggs and Homer s.
of Retent,ion for Substance Mat,eriâI, "
mer¡tal lsychology, XXXII (June, 1943),

Bl,tcceogh and ïrÌonr op. cÌt., p. 382.

Reed., 'rThè Curve
Journäl of Experi-
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retained than nonsense materials.9

Vrlays' of Measurinq Retention

Another fact,or thât, must be consìdered is the

manner in whÌch retention is measured. The two ways

of measuring ret,entÌon are the d.Ìrect method and. the

in-direct, method.

The dÌrect method consists of an end-test and a

re-test," The end-test is administ,ered after the ces-

saÈion of a learnìng situation, and a re-t,est after an

interval of time. One example of a direct, method of

measurihg retention is recaII, which requires the learn-
er to reprod.uce as much of the material learned as

possible. This method is commonly employed in ret,en-

tion studies.

Recognition is another direct, method of measuring

ret,ention" This method. invoLved t,he ability of the

learner to differentiat,e among it,ems presented t.o him.

Multip1e choice t,ests and true-faLse tests are \^rays of

utiLizing recognition t,o selecL the appropriate anshrer.

For example, if a learner \^rere presented with a list of
words for recaII, then durÌng recall he wouLd select the

10

gltcc"ogh 
and. ïrÌon, op. cit., p. 383.



correct, \¡Iords from a set. of all possible English words;

whereas, in a recognition test, the learner may be asked

to identify the correct \À7ords from a set of limited

alternatives. Retention is more readily evidenced

through recognition than through recall, "because in a

recognition test people make their selection from a

smaller set of alternatives than they do in recalI".10

An indirecÈ method of measuring retent'ion is

through a procedure called savings or relearning. After

a period of time in which no review has t,aken place, the

learner is asked to relearn the original material under

the same conditions and the same specified criterion"

The savings score consists of the difference between

the amount of time requiredr or the number of trials

attempted in the original learning and that needed for

relearning. This score is converted Èo a percent,age

score by using the following formultrll

11

Percent Savings
Score

10o"""" and Ilurse, op.

llrui¿.

Original learning - Relearning
Score Score

Original Learning Score

ciÈ., p. 380.

x 100



Once the savings score has been converted into â pêr=

centage, the retention score may be derived in the

following manner:

RetentÌon Score = 100 - Percent Savings Score

Thus, if a material were learned. in ten trials and. re-

learned in se.ven trials, a savings score of 30 per cent

is obt.ained, or a retenÈion score of 70 per cent.

Usually the indìrect method is used in an experi-

mental or Laboratory setting. The comparison of the

dif ferent measures of retention is shor¡m. in Figure 3.

The d,ifference between the methods is not the amount re-

tained but the effectiveness of the test" o=.d.12

Factors Affectins Retention

No one retains all the material which he learns.

Over a period of time an individual forgets, often re-
gardless of the conditÌons under which that learning took

p1ace. Kelley staÈes:

Forgetting !,/h:lch is a normal, everyday event
denotes the gradual or rapid loss of material.
In early discussions of forgetting the most
corÌImon explanation offered to account for it was
decrease Ìn recaLl due to the lack of use of mate-
rial and. to the passage of time. . Ilorarever,

12

Practice [scranton: Chanð-Ier

r2l,t.y v. seagoe, The Lêarnin Process and School
, p.159.
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disuse and the passage of time are noL suffi-
cÌent " to explain forgettÌng. " There
is a tendency to forget that which does not seem
important or essential; that to which no personal
int,erest is attached and also that which is un-
pleasant. Forgetting may also be a means of
solvÌng some external conflÌcts and likewise of
satisfling important emotional needs.13

Mcceoghl4, Hankinsfs, Deese and Hulsel6 and others

agree that the major cause of forgetting is interference

from other learnings. trühen something being learned is

affect,ed by somethÌng already learned, the effect, is call-

ed proacl.ive; whe.n something already learned is affected

by something learned. subsequently, the effect is called

retroactÌve.
An experimentaL desÌgn for measuring proactive ef-

f ects is as follorrs:

Proaction

Experimental
Group

Control
Group

14

I3x"lr"y, op. cit., p. 22g.

14u.c"ogh, op. cit., pp. 395-406.

15-_*-Norman E. Hankins, Psychology for Contemporary
EducatÌon, [Columbus: Charl . ) ,
pp.-TSFIge 

"

16_*"Deese and Hulse, op. cit., pp" 398-414"

Learn
Task B

Rest

Learn
Task A

Learn
Task A

Recall
Task A

Recall
Task A



In this design the experimental group learns Task B

whiLe the control group rests. Then, both groups learn

Task A followed by a test, of retention for Task A. Fre-

quently when new maÈerials or skills are learned' they

compete with earlier learnings with the result that the

new learning is disturbed.lT This type of interference

which prior learning exercises upon later learning is

called proactive inhibition.

The other form of interference is retroact,ion.

A design for measuring retroactive effects is as follows:

RetroacÈion

Experimental Learn I¡earn Recall
Group Task A Task B Task A

Control Learn Rest RecaLl
Group Task A Task A

Both groups learn Task A to some criterion. Vühile the

experimental group is learning Task B, the cont'roI group

rests. Aft,er, both groups are t,ested f or t'he retention

of Task A. In this design Task B is the interfering

condition which inhibites the recall of Task A. This

condition described. by McGeogh as a "decrement in reten-

tion resulting from activity, usually a learning activity,

15

17x"11"y, op. cit., p. 22g.



int,erpolated between an original learning and a later

measurement of retentiot"rfS is given the name retro-

active inhibition. McGeogh considers the interference

which later learning exerts upon the reÈention of prior

learning as the basic factor contributing to forgetting.

Many other factors influence forgetting. Blair

states some of these factors that determine the rat'e of
19IorgeËËJ-ng.

1" The kind of Èest of retention used makes a
difference. A t,est of pure recall would
show a more rapid drop than a test of rec-
ognition "

The kind of materÌal which is learned affects
the shape of the retention curve. The more
meaningful the material, the less rapid t,he
drop.

The thoroughness of the original learning is
also a factor. Overlearning produces a re-
tention curve of an entirely different shape,
one which may remain at a high level for an
indefinite period of time"

The kinds of activity which occurred after
the original learning partially det,ermine
how rapidly forgetting occurs.

Active involvement of the learner in the
learning situaÈion also retards forgetting"

2.

16

3"

4"

5.

l8la.G"ogh and ïrionr op. cit., p. 404.

l9elurrr, ¡t. B1air, R. st,ewart Jones, and.
Simpson, Uducational PsYêholggy (New York: The
Co" n L962) . p. 27I.

Raymond H.
MacMillan



Summary

Retention refers to the extent to which material

originally learned is stÌI1 retaÌned, and forgetting

refers to the portion which is not ret.ained.

Retentiorx curves vary with the degree of meaning

contained in what is being learned, but tend to resembLe

the curve of retention first established by Ebbinghaus.

In general, the more meaningful the materialn the better

it is retained"

There are three methods of measuring retention:

recalI, recognition and relearning. Recall and recogt-

nit.Ìon are the methods most commonly used in the class-

room"

The major cause of forgetting is the interference

between earlier and later learnings. In proactive in-

hibition, what has been learned interferes with what is

L7

being learned.i whereas, in

is being learned interferes

Some factors which affect retention and forget-

ting that \,vere discussed are the kind of test, t,he type

of maÈerial learned and Lhe thoroughness with which

material is learned. Furthermore, the active involve-

ment of the learner and the type of activity the learn-

er engages in after the orÌginal learning also infLuence

retroactive inhibit,ion, what

with what has been learned.



the degree of retention and forgetting.

The purpose of this section was to provide an

overview of retent,ion and forgetting. The following

section wiLl be devoted to the discussion of previous

studies related to the retention of mathematical skills

af t,er the summer vacation.

STUDTES TN RETENTTON OF MATHEMATICAT SKÏLLS

AFTER THE SUMMER VACAT]ON

Most retention studies in mathematics foLlow a

simple pattern. Towards the end of the school year the

students are tested, and following the summer vacation,

the same students are given either the same test or a

similar test. The firsL test establishes a measure of

achievement at the end of the school year. When the

score from the second test is compared to the first

score, the amount of retention after the Su¡nmer vacation

can be established. Many researchers' interested in

subject areas other than mathemaÈicsn use batteries of

st.andard.ized tests as crÌterion measures. When this

occurs, only the results of the mathematics tests will

be considered.

one of these was conducted by Garfinkl"20 loho

IB
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studÌed the loss of arÌthmetic ability during the sunrmer

vacation for the purpose of locating wealcnesses that
need to be relearned in September. Standard.ized tests
stressing fundamentals Ìn additÌon, in subtraction, in
multiplication and in division were administered. to 747

fifth-, sixth-, and seventh-grad.e pupils. Form I of the

Court,is Test in Fundamentals, Series B was given in Juneo

and Form 2 of the same test was given in September.

Speed and accuracy \^rere the two f actors tested. Except

for addition, there was a slight d.ecrease in speed from

'June t,o September, but there was a decid.ed decrease in
accuracy for al-l groups. Moreover, the loss of accuracy

in some of the skill areas for the seventh gracle pupils
amounted to more than the equivalent of two year's work.

For example, June med.ian for addition was 81 for the

seventh grade pupils and 75 for the fifth grade pupils"

However, the September median for the seventh grade pupils
\^/as 69, which is below the June median for fifth grade

pupils. Similar result,s were found f or muLtiplicat,ion

and subtraction.

ïn another study oix2l investigated summer 1oss

19

21Wi11i.m L. DjJ<, "An ïnvestigation of Vacation
loss, " Eighth- Year'book of t¡.e_lepgrtmen! of Elementary
School ry
@ of the NatÌonal Ed.ucation Association,
L929) , 245-249.



in arithmetic fundamentals

students. They \^Iere given

ment.als test in 'Iune before

on the first day of school

tested, the students \^rere only 0.9 points below the

standard for the sixth grade or about two months below

the norm. However, in September the same students \^rere

2.0 points below the stand.ard. for sixth grade or equival-

ent to a half a year below the norm. The loss was equi-

valent Èo approximately four months in arithmetic skiI1s.
The same experÌment was repeated the following year with

almost identicaL results. The loss f or that group \Àras

2.3 point,s. Further data gave the breakdown of the per-

centage losses in the four basic operations: division
16 per cent," subtraction 15 per cent; multiplication 13

per cent, and.; addition 7 per cent.

Likewise, Patter"orr22 investigated. the effects
of summer vacation on the retentÌon of arithmetic and

reading skiLls, but unlike Garfinkle and Dix, she also

took into account the mental ability of the children"

with about 150 grad.e five

the Woodv-McCall Mixed Funda-

the sunimer recess, and again

in September. lVhen f irst

20

22¡nildr"d V. vü. Patterson, "The Effects of Summer
VacatÌon on Children's Mental Ability and on Their Re-
tent,ion of Arithmetic and Readirg,'o Education, XLVI
(December, 1925), 222-228.



For arithmet,ic skiIls, J-47 students from grades four to

eÌght \,vere gÌven a battery of standardized t,ests in the

middle of June. The students of grades four to six were

given the Vfoody-McCal1 Mixed Fundamentals Test, Form I'

and the

the

gÌven to the same stud.ents by the same person in mid-

students

September.

Mult.i

group each grade into three intelligence groups: Super-

normal, I.Q. 110 and upwards; Normal, I.Q. 90-109; Sub-

normal, I.Q. below 90. All grades from four to eight

showed losses in arithmetic ability. In comparing t'he

Ìntelligence groups, all groups from four to six showed

summer losses, but the supernormal group showed the

greatest loss. For grades seven and eight, however,

the normal and subnormal groups showed losses, whereas

the supernormal group showed gains. Patterson concluded

that summer vacation was detrimental to the student's

arÌthmetic ability. However' assessment of the results

is difficult, because different tests \^7ere used wit'h

dif ferent groups, and. losses \,üere not determined st,atis-

tica1ly.
About the same time K*tm"t23 investÍgated. forget-

of grades seven

licatÌon Test.

The Binet-Simon classificat,ion was used to

and eight were given

The same tests \^lere

2T
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ting of arithmetic skills during Èhe summer vacation

with 150 grade five pupils. Based on the Tllinois

Examinat,ion, student,s \,\rere classified into three equal

abÌlity groups: Group X, I.0. 1,.10 and over; Group Y,

I.Q. 88-109; Group Z, f.8. Less than 88" For Èhe group

of 150, Tramer obtained a median score of 39.7 in June

and a median score of 37 in September resulting in a

loss of 7 per cent. The percentage losses for the abil-

ity groups \^rere: Group X, 5 per cent; Group Y, 4! per

cent,; Group Zt no loss. Kramer stated that the coeffi-

cient of correlation of .79 between the 'June and Septem-

ber arithmetic scores showed a relatively high probability

that a student would retain very nearly the score obtain-

ed in June. According to Kramer, the slight losses \,ùere

insignifÌcant, and t,hey did not conform to the generally

accept,ed theory that there \¡rere dramatic retention losses

over the surrmer vacation. However, these students had

been involved in an intensive remediation program in

arithmetic prior to testing in June.

Sister ïrmina Saelinger's retention stud.yz4 show-

22
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ed a marked loss in rate and accuracy of computational

skills in addition, in subtraction, in multiplication

and in divÌsion during the summer vacation. Approximate-

Iy 1000 students in grad.es two to seven \^7ere involved in

her study. The Munroe DÌagnostic Tests in ArithmetÌc,

Diagnostic Computational Sca1e and the Stanford Achieve-

ment, ArÌthmetic Computation Test. 4 were

of June to test the ability of the students in arithmetic"

The same students \^rere ret,ested in the middle of Septem-

ber and. again at the beginning of October. The October

t,ests \^7ere used to det,ermine the amount of loss that

would be regained in the two week period. following the

mÌd.-September tests. Although all grades suffered loss-

ês, the loss \^ras greater for st,udents in grades tr,'ro,

three and four " Hov/ever, stud.ents in the upper grade

levels showed less po\¡Ier to regaÌn the rate of work ac-

quÌred in June before the vacation. AIso, the amount

of loss d.iffered with the four fundamental operations.

Mu1tÌplication suffered the greatest loss, followed by

division, addition and subt,raction.

ïn the same year B=rr.rr"25 investigated the effects

23
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of summer vacat,ion on achievement in arithmet,ic. Sixty-
nine students in grades four, five and six were administ-

ered a battery of Stanford Achievement Tests in May and

again Ìn September. ALthough the sample was smaII, the

resuLts showed that a decided swnmer loss was evident

in computational skìLIs at aLl Levels. Tn both grad.es

four and five, the loss amounted to about a half year's

work while the loss in grade six amounted. to a yearfs

work"

During the 1930's Keys and La\¡rsorr26 compared. the

gaÌns and losses in mathematÌcal skills during the five
summer months, whÌch Ìncluded three months of summer

vacation, te that of the previous seven months of school-

ing. Spring tests \^rere administered in early May and

faII tests three or four weeks aft,er the resumpt.ion of

school in September. The study involved 164 students

from grades four to eight for a period of three years.

The faIl tests were postponed until the child.ren had

become acquainted with their new teachers and class-

rooms and readapted to school tasks in order to provide

a fairer measure of actual retention of previous Learn-

24
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ing. This allowed for consid.erable relearning of skills

which had suffered. from the twelve to fourteen weeks out

of school. Achievement \¡Ias measured by means of Unit

Scales of AttainmenÈ Ìn which arithmetic was one of the

eleven sub-tests. The result,s showed that J-oss of skills

in the fundamental operatÌons in arithmetic amounted to

58 per cent or 4.2 months of the previous winter's gain.

Since the fall tests vrere admÌnistered severaL weeks

after the resumption of school the loss over the surÌÌmer

mont,hs vacatìon might have been greater.

A study determining the extent of forgetting of

arit,hmetic fundamentals during the summer vacation was

reported by Bendet.27 The testing program involved 1592

students from grad.es three Èo eight. In each grade a

standard.ized arithmetic test was given in the last week

of May, 1936. The same test, was given to the same child-

ren when they returned in the first, week of school in

September. The results showed that 11 per cent of the

students neither gained or lost, 53 per cent of the stud-

ent,s Lost and 36 per cent of the students gained in

ariÈhmetic fundamentals.

25
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ïn the late 1950ts Sister Josephina28 conducted

a study in which a non-standardized arithmetic test, con-

sj-sting of thirty computationaL and twenty problem

solving items was admÌnùsÈered to 122 fifth-grade stud-

ents. This test was ad,mÌnÌstered at the end of the school

term in June and again at the beginning of the new school

term foLLowing the summer vacatÍon. The mêan score of
the thirty computational quesÈions d.ropped from 20.91

in June to 15.09 in September. The loss was found to

be statistically significant beyond the one per cent

level of confÌd.ence.

The most extensive stud.y conducted on retention in
recenÈ years was und.ertaken by Parsley and Powell.29 The

purpose of their study was to investigate achievement,

gains or losses during the academic year and over the

sunÌmer vacation. Tnvest,igat,ion of achievement in gains

or losses was made between males and femaLes and. between

adjacent grade levels. The California Achievement Test

26
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Batteries were adminisÈered to 180 students from grad.es

two to seven. Different forms of the test batteries

hrere administered to each student in Èhe spring, at the

end of the academic year, and. again in the faII folJ.ow-

ing the summer vacation period. Six subject areas \^7ere

measured, one of which was the arithmetic fundamentals

test. The Cal-ifornia Test of l4ental Maturity was used

to select students with I.Q.'s from 90-110 for the study.

Students in this intellectual range were used. because

the investigators \^¡ere interested in the performance of

these students, and because the conclusions drawn from

the stud.y could be more widely applied. The data re-

vealed that losses in arithmetic fund.amantals occurred

at most leve1s. Losses did not occur for the grade

seven males and females, and for the grade five females"

The greatest losses occurred at the lower grade leveLs.

Another more recent study was one conducted by

Scott3o. He compared the effects of summer vacation on

the retention of mathematical concepts taught to the

modern mathematics groups with those taught to the trad-

itional program groups. This study was conducted first,

27
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ÌyÌth students in grades one to three, and later repeated

with other st,udents in grad.es three to six. A test
stressing the four basic operations was administered in

June and. again in the first week of September. Some

summer loss in mathemat,ics achievement occurred for
both programs. These losses vrere not analyzed statist.i-
caIIy.

Some studÌes revÌewed \^Iere not concerned direcL-

Iy with Loss of mathematÌcaI skÌL1s during the sumrner

vacation. Ne1son's study3l investigated. the amount of

time required for pupils to regain the knowledge and

skill-s to the level of achievement of the previous spring.

The Courtis Standard Arithmetic Tests, Series B was used.

to test 40 grade five and. 40 grade seven student,s. The

first form of the test was ad.ministered in May just

before the closing of school; the second form in Sept-

ember following the opening of school. A study of the

mear¡ scores sFrowed that the loss during the suÍrmer

vacation for grade seven students was negligible. How-

ever, the grade five students scored 25"3 in June and

19.1 in September, a loss almost equal to two year's

28
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\^¡Ork.

In the fall Èhe same test was ad.ministered three

times at Ìntervals of two weeks each, and a final test
\^ras administered just prior to Christmas holid.aysr aP-

proxÌmately fift,een weeks after ÈÏre commencement of

sch.ool. The resuLt,s showed that, grade seven students

regaÌned the spring level of achievement six weeks after

the opening of school. Grad,e five students, however,

needed fifteen weeks to regain the summer's loss. IÈ

vras expected that the grade five students who lost much

more in arithmetic fundamentals would take a longer

time for recovery than the grade seven students. No

special drill was provÌded for the students because the

teachers \¡Iere not aware that successive tests \^7ere to

be given af t,er the inÌtÌaI test.
ïn another study Motgrrr32 investigated. the effect-

iveness of specÌa1 traìning in preventing loss of math-

ematical skÌlLs due t,o t,he summer vacation. The study

was conducted with two grade sÌx classes designated as

X and Y groups. Both groups \^Iere administered the

29
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May 25, and September 4. The training of the Y group

consÌsted of administering four Èests; on addition¡ oþ

subtract,Ìon, on muLtiplìcatìon and. on division. Once

the weaknesses \^rere diagnosed Èhe Y group received spec-

ia1 training for a period of two weeks prior to suÍlmer

vacation. The X group did not, receive any special train-

Ìng. The resuLts showed. that group X lost 3.69 items

while group Y lost only 2.56 itemsr or a difference of

1.13 iÈems in favor of group Y. In the Y group, thirty-

five pupils lost effÌciency during the vacation, three

remaÌned. the same, while two gained. For the X group,

thÌrty-five lost in effÌciency' one gained and one re-

maÌned the same.

In other studies reviewed emphasis was placed on

a specific skilL area as shown by Brueckner's stud.y.33

Brueckner studied. the loss of basic facts in addition

and subtractÌon during the summer vacaÈion for 224 Grade

IrA pupils, fifteen of whom attended summer school, and

194 Grade IIB pupils, sêventeen of whom attended sunìmer

school.

The pupils Ìn Grad,e IfA were tested on 100 addit-

ion and 100 subtraction facts, the basic work for the

30
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year. Three tests in the basic addition and subtraction

facts were given; the first was given at the close of

schooL in ,fune, the second on Lhe f irst day of school

in September, and the third. two weeks later. The pur-

pose of the third test was to measure the improvement

made during the fÌrst two weeks of school. The results

showed that there \¡iras very little loss in ability for

the regular group in addition during the sufirmer vacation

buÈ a consid.erable loss in subtraction. The scores of

the suilrmer school group \^rere much below that of the reg-

uLar group in both addition and subtraction, the loss

being greater in subtract.ion.

The pupils in Grade IIB hzere tested on 64 addition

facts with sums of 10 or less, and 64 subtraction facts

with minuends of 10 or less, the basic work for the year.

For these pupils, there was almost no loss in ability

durÌng the summer vacaLion for ad.dition and subtraction.

The sunmer school group showed a slight loss in ability

for addition, which was regiained by the time of the third

test, but suffered substantiaL loss for subtraction.

Even after the third test, the summer school pupils scor-

ed. considerably lower than they did in ,fune. Marked dif-

ferences in the scores for individual students in both

groups \^Iere recorded on the three tests. Because of this

31



tendency, Brueckner suggested the use of pre-tests as a

basis for grouping chiLdren according to ability in
arithmetic.

In a similar type of stud.y, Cook34 tested a sma11

group of grad.e two students on 100 addition fact,s before

and after the summer recess. Stud.ents were given d.ri11

sheets and fact, cards to practise ad.dition skiLrs during

the summer vacat,ion. The results showed that stud.ents

who practised addition skills retained. them, but students

who practised. less then three weeks during the sufitmer

vacation lost considerably.

An experi:nent was conducted by Evans3s to deter-
mine the effects of an arithmeÈic enrichment program at
summer camp as a means of counÈeracting the consid.erable

drop in arìthmeticaL abilities during the summer vacation.
ThÌrty boys in the experimental group which received six
weeks of thÌs prograrn $rere paired individually with a

control group which did not. The boys in the two groups

vlere mat,ched on the basis of age, intelligence and arith-
metic scores. The arithmetic scores \^rere based on the

St,anford AchÌeVement Test in AriÈhmetic ad.ministered in

32

?, À."'Cook, Ioc. cit.
35_--Forrest Furman Evans, "The

Camp ArithmetÌc Enrichment Program"
28:163, January 1958.

Effects of a Summer
Dissertation Abstracts,



May. The boys in the experÌmental group participated j.n

115 different. arithmet,ic enrichment, activities aÈ camp"

A daily log was kept by each boy showing the type and

number of activÌtÌes and the computational skil-Is used.

Tt, aLso indicat,ed whether paper and pencÌI were used in
solving the problem. At the end of six weeks, an alter-
nate form of the pre-test, was administered to both groups

as a post-test," The experimental group lost three and.

three-tenÈhs months in arithmeÈic ability, whereas Èhe

control group lost approximately nine months in arith-
metic abÌIÌty.

fwo factors \irere obvious in the research of these

retention studies. First,, all studies \^/ere conducted

in the Unit,ed Stat.es where the summer vacation is approxi-

mat,ely one month J.onger than in Canada. This investigator

was unable to locate Canadian studies relat,ed to Lhe re-

tention of mathemat,ical skÌILs d.urÌng the suilrmer vacation.

Second, a varÌety of approaches statistical and nor¡-

statistÌcaL were used to analyze the dat,a. Because of

this inconsÌstency, definite concl-usions could. not, be

drawn. Better experÌmental d.esìgns and more sophisticat-

ed measures are needed. to examine the effects of summer

vacatÌon on the retention of mat,hematical skiLls.

fn summation, the following conclusions \^Iere

33



drawn from the above review of research studies.

First, ârt anaÌysis of the retention studies re-
viewed reveals that mathematical skills are forgotten

during the suiltmer vacat,ion. A summary of these stud-ies

is shown in Table 2.01. only in studies by Brueckner36

and Kram""37 \¡vere sufltmer losses so slight that they

\^/ere considered. insÌgnif icant. Other stud.ies, such as

NeIson3B, revealed that, up to two years in mathematical

abiliÈy v/ere lost during the summer vacation"

Second, several studies analyzed the retention of

mathematical skills for several grade leveLs in which

comparisons between grade leveLs could be made. Gar-

fink1e39 and Bruerr.40 found that losses in arithmeticaL

ability increased with the grade leveL. On the other

hanc1, Nelson4l, saeLìnger42 and Parsley and powell43

34
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found that, the greatest losses occurred at tlre Lower

grade levels. MeanwhÌIe, Pat,terson44 couLd not distin-

guish any pattern in losses between grad.e leve1s. There

does not appear to be a clear pattern as to whether re-

tention of mathemat,icaL skÌ]Is Ìncrease or decrease with

grade levels.
ThÌrd, only Patterson45 and Kram"t46 catagorized

the samples into groups based on intelligence tests. A1-

though evìdence is limÌt,ed, it appears that the more in-

teIIÌgent, student tends to suffer greater summer loss,

especÌaIIy if he or she Ìs in grad.es four Lo six.

3B

44nu.tturson, 1oc. cit.
45p.tt.rson, Loc. cit.
46xrr*"r, roc. cit.



CHAPTER 3

TIIE TNVESTTGATTON

TTTE PROBLEM

The purpose of this study is t,o investigate the

effect,s of suntmer vacation on the retention of learned

basic facts in addition, Ìn subtraction, in multiplica-

tion and in divÌsion" In so doing, this study is de-

signed to answer the following questions:

1. Do sLudents ret,ain the learned basic mathemat,-

ical facts at the grade threeo grade four and grade five

levels durÌng the summer vacation?

2" Are there differences in retention of basic

mathematical facts wÌth respect to studenLs at the grade

three, grade four and grade five levels?

DEFTNTTTON OF TERMS

Cert,aÌn terms wiLL be used ùhroughout the study

and are d.efined"

ment will be the score obtained by a student on a basic

facts test.
Basic Fact,s Tests: -The t,ests used in this study

Achievement: -For

s¡ere recorded on casset,te tapes with a unÌform time inter-

the purpose of this study, achieve-



vaL bet\,üeen each it,em. The tapes for addition, sub-

Èraction, muJ.tÌplicatÌon and dÌvision \^lere given Ìn two

parts. The first, part, consisted of easier fact,s, the

second of more dÌfficuLt. facts. Each test is described

under the section called "Description of Tests" oÌl page

number 45.

Summer Vacation:-Thìs is a period during which

school Ìs closed for the summer. This varies slightJ-y

Ìn d.ifferent, locaLities. Summer vacation, for this

study, Ìs the two-month period of July and August, 1973-

uhÌs same term when used in the retention studies re-

searched is approximately a three-month perioil.

Grade Three, Grade Four, Grade Five:-A1though aJ.I

the student,s wiLl have moved to the next grade level

durÌng the course of this studyr êhY reference to a stud.-

entrs grade level will be t,he grade leve] of that student

in June rather than his grade leve1 in Sept,ember.

MeanÌnqfullv siqnificant:-This term will be used

40

Lo describe a dÌfference in scores which are both educa-

tionaLly and statistically significant'.

ASSUMPTTONS

Although cont,roLling the type of mathematical

experiences that a stud.ent may encounter during the



su¡nmer vacat,ion Ìs not possÌble, it wiLl be assumed that

¡¡hatever experiences Students receive related to the

basic facts wilL be randomly balanced for all grade Ievels"

The sampLe of st'udents in this study wilL have

received ÌnstructÌon from t,eachers \,üith varying mathemat-

ical experiences and background,s as well as d.iffering

teaching abilities. If these factors affect, a student'rs

d.evelopment in mathematÌcaJ. ski]Is, it \,üi11 be assumed

that, these differences Ìúi1"1 be randomJ.y balanced for all

grade levels.

STATEMENT OF T{YPOTT{ESES

This study investigates the followÌng hypot'heses

under four headings: Addition, Subtraction, Multiplicat-

ion, and DivisÌon. The hypotheses are stated in the

"nuII Ïrypotheses" form.

AddÌtion

41

1. The groups will be equal in achievèment beÈween

June scores and September scores as measured by t'he Addi-

tion Fact,s Test for students in grades three, four and

five. Each grad.e wilL be treated as a discrete group.

2. The groups \^Ii11 be equal in the retention of

the basic addit,ion facts between the grad'e three, grade



four and grade five leve1s.

Subtraction

3. The groups wÌLl be equaJ. in achievement between

June scores and September scores as measured by the Sub-

tractÌon Facts Test, for students in grades three, four and

f Ìve. Each grade wÌL1 be t,reat,ed as a d,Ìscret,e group.

4 " The groups \^rÌLl be equal in the ret,entÌon of

the basic subtraction facts between the grade three, grade

four and grade five Levels.

Mult.iplication

5. The groups wÌL1 be equal in achievement, between

June sdores and September sdores as measured by the Multi-
plicatÌon Facts Test for students in grades three, four

and five" Each grade wÌII be t,reat,ed as a dÌscrete group.

6. The groups will be equal in the reÈentÌon of

basÌc muJ.tÌplicat,ion facts between the grade three, grade

four and grade five leveLs.

DivisÌon

42

7. The groups \^riLL be equal in achievement between

June scores and Sept,ember scores as measured by the Divi-
sion Facts Tèst for student,s in grades three, four and



fÌve. Each grade wÌI1 be treated as a discrete group.

B. The groups wÌlI be equal in the retention of

basic dÌvisÌon facts between the grade three, grade four

and. grade five LeveLs.

SAiqPLE

The sÈudents in the sample aÈÈended Vüayoata School

which is an urban eLemenLary school sÌtuated in Transcona'

ManÌtoba. This schooL, with a populatÌon of approximately

750 students from kindergarten to grade six, has self-

contained clasSrooms as WeLl as open area spaces. Of the

329 st,udents in grades Lhree, four and five, the sample

used in the study consÌst,ed of 274 students from both the

self-contained cLassrooms and open area spaces" The re-

maining 55 sludents were excluded from the study because

theÌr scores vlere noL avail-able for all the basic facts

test,s in June and September due to absences or moving to

other schools during the sunmer vacation. The breakdown

of the sampJ-e according to grade levels and sex is shown

in TabLe 3.01.

LTMÏTATTON OF THE SÀM.PLE

43

The sample was limiùed to one school within the

schooL division, and might not be represent,ative of the



TABLE 3.0].

BRE.A.KDOVüN OF SA}4PTE ACCORD]NG TO GRADE LEVET'S AND SEX

Grade T,evels

3

4

5

Ma1es Females

44

43 45

42 43

57 44

Tot,aL

B8

B5

1ô1



t,otal population. The varÌabLes of socio-economic status

and int,eIIÌgence have noL been controLLed. Because of

these restrictions any generaLizations Èhat, are made or

any concLusions that can be dravm must only be confined

t,o the student,s of lrüayoata SchooL.

DESCRTPTTON OF TESTS

Since the tesÈs vrere to be admìnistered on two

different, occasions to each of the eLeven cl"asses, the

possibility arose of variat,ions in scores due to change

in delivery [for example, voice inf]-exion) and tÌming.

To avoìd thÌs source of varÌance a tape recording of the

tests was used. A descript,ion of each test foLlows:

pendix

items

whole

Addit,ion Facts Test: -ThÌs test r âs shown in Ap-

45

A, involved tlre oraL present,ation of fifty-five
in the form "a and, b", where rrarr and I'brr are

numbers from 0 to 9. The thirty easier addition

contaÌned addends from 0 to 5, whereas the twenty-facts

five

from 6 to 9. The f act,s hrere arranged in random order,

each separated from the next, by a response intervaL of

four and one-half seconds. The oral presenÈation con-

sisted of a nurùcer of Èhe Ìtem foLlowed by the item. For

example, the test began Ìn the folLowìng manner: "Number

more diffÌcult addiLion facts contained add.ends



one, zero and zeyo (4 sec.), number two, one and threet

ll

Subtraction Facts Test: -Tlris t'est, âs shown in

AppendÌx B, involved the oral presentation of fifty-five

items in the form "a from btt, wlrere 'ta'r and' rrbrr are

whole numbers. The thirty easier subtraction facts had

mìnuends no greater than nine, whereas the twenty-five

more difficult facts had minuend's from L0 to 19. The

facts ìrere arranged in random order, each separated from

the next by a response interval of six seconds- The

oral- presentation consisted of the number of ttre item

followed by the item" For example, the test began in

the folLowÌng manner: "Number one, three from nine e6

sec.l, number t\'ilor zero from eight, . . ."

Multiþlication Fact,s Test:-This testr âs shown

46

i:r Appendj-x c, Ìnvolved the oral presentation of f if ty-

five items wÌth the form "a brs", where rrarr and rtbrr are

whoLe numbers. The twenty-eight easier mult'iplication

facts had factors no greater than fìve, whereas the

tlrtenty-seven more d.Ìfficult multÌplication facts had

factors no greater than nine. The facts \^7ere arranged

in random order, each separat,ed from the next by a res-

ponse interval of six seconds. The oral presentation

consisted of the number of the item followed by the



item. For example, the test began in the following man-

ner: "Number one, three twos (6 sec.), number two, zeto

sixes, . . ."

pendix D, involved ÈIre oral presentation of fifty-four

it,ems of the form "ars in b", where I'arr and "brr are

whole numbers and rtbtr is not z,ero. The twenty-seven

easier d.ivisÌon facts had. divisors no greater than four.

whiLe the twenty-seven more diffÌcu1t division facts

had dÌvisors from 5 to 9. The facts \^7ere arranged. in

random order, each separated from tlre next by a response

Ìnterval of six seconds. The oral presentation con-

sisted of the number of the Ìtem followed by the item.

For example, t,he test began in the f ollowing manner:

"Number one, threes in three [6 sec.), number two, fives

in fifteen, . "

ADMTNTSTRATTON OF TESTS

Tests in basic ad.dition, subtraction, multiplic-

ation and division facts \ô¡ere adminisÈered to all stud-

ents in grades three, four and five during the last two

weeks of June, 1973. The same t'ests \^lere ad.ministered

to tlre sarne students during the first two weeks of Sept-

ember, 1973. Tests in June and September were given in

DivÌsion Fact,s Test:-ThÌs testr âs shown in Ap-

47



tli\to sit,t,ings:

Test in the first sÌttÌng;

nivision Facts Test in the

of each sÌtting \^las approxjmatel-y twenty-f ive minutes.

All testing was heLd in self-contaÌned cLassrooms.

Prior to the f Ìrst set of test,s, the purpose of

the study was outlÌned to Èhe students. Each student

\'üas provÌded with an ans\¡rer sheet similar to the one

shown in Append,ix E on whìch to record his responsesf

and was t,old to respond. to each problem by recording only

the ans\^/er. An example of how the problems wouLd be pre-

sented to the students was given before each test. Care

\^/as Laken to ensure that, directions accompanying the

t,ests \^Iere closely folLowed. Vühen the tests lvere com-

p1eted., the ans\^ler sheets were coLLected and scored by

tlre investigat,or. The testing procedure and test admÌn-

istrator \üere the same for both June and SepLember tests.

TREATMENT OF SAI4PLE

The first area Ìnvestigated was to determine if

there were signÌficant differehces in achievement bet-

\¡Ieen the June scores and the September scores of the

basic facts tests for student,s in grades three, four

and five. The t-test for the d.ifferences between cor-

related means was used t,o analyze the mean June scores

Àddrtion I"acts Test and Subtraction Facts

MultiplÌcation Facts Test and

second sìtting. The length

4B



and the mean September scores at the .05 level of signi-
ficance. The data was analyzed wÌth the use of a com-

puter program calIed. the Paired Student's t-Test.1
This program was used for aLl Èhe tests"

Tlre second area ÌnvestÌgated was the reÈention

of basic fact,s between grade Levels. PrevÌous sÈudies
)researched- showed that, d.ifference scores \^rere utilized

to det,ermine ret,entìon af ter the suiltmer vacat,ion. !Iow-

ever, Kerlinger states t,hat

One of the most dÌfficuLt, problems that, has
plagued and intrigued researchers, measurement
specialists, and stat,Ìsticians is how to study
and. analyze such difference, or change scores

. difference scores r r . are usually less
reliable than the scores from which they are cal-
cul-ated.

The generally recommend.ed proced.ure is to
use so-caLled. residualized or regressed. gain
scores, which are scores calcuLated by predict-
ing the post-test scores from the pre-test scores
on the basis of the correlat,ion between pre-test
and post,-test, and then subtracting these predict-
ed scores from the post-test scores to obtain the
residual gain scores. . . " 1 The effect of the
pre-test scores is removed from the post-tesÈ
scores that Ìs, the resÌd.uaL scores are post-test
scores purged of the pre-test influence. Then
the significance of the d.ifference between the
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means of these scorès is tested. All this can be
accomplishedrby using . the analysis of covar-
Lance" .

Recent studies4 show that the analysis of covar-

iance has been used in statistical designs involving

pre-t,est, and post-test scores. For this stud.y t,he June

scores wouLd be the pre-test, scores or covariaÈe while

the SepÈember scorès would be the post-te.st scores.

To test differences in retention the one-way

analysis of covariance design $Ias employed. with three

levels and a sÌngle dovariate. The data \^rere analyzed

by a computer program, nameJ-y ttre Simple Covariance Pro-
Ëgram.' Arr aposteriori procedure, Scheffé test was ap-

plied to the adjusted mean scores in ord.er to locate

significant contrasts. Tlre analysis of covariance and.

.,
"Fred Kerlinger, Foundat,ions of Belravioral Research,

(Toront,o: HoIt, Rinehar

-̂Two studies cited where the analvsis of covariance
design was employed involving pre-test and post-test scores.

Fletcher R. Norris, "Student Mathematical Achieve-
ment as Related to Teaching Inservice lVork, " Mathematics
Teacher, LXII (Apri1, 1969), 32I-327.

Roland F. Gray and Donald E. A1lison, "An Experi-
mental Study of the Relationship of Homework to PupÌ1
Success in Comput,ation with Fractions," School Science and
Mathematics, LxXl (apri], 1971), 339-346-

50

Ssa"ti"tÌca1 Packager op. cit. pp. 39-41.



Scheffé t,est usìng Èhe .05 leveL of signif icance \^7ere

used each time for ad.dÌt,Ìon, subtraction, mulÈip1Ìcation

and divÌsion.

The final stat,Ìst,ica1 treatment, \Àlas the correLat-

ional anaJ-ysis of the data. The main purpose of this

treatment was to determÌne whether the June scoïe \^¡as a

true predictor of the September score. Thus, the greaÈ-

er the correlaLion coefficient the more accurate is the

predictÌon of the September scores from the June scores.

The scores from the tests \,üere analyzed by a computer

program, namely

matrix for the sample and one for each grade level \¡Iere

constructed. Each matrix \^tas based on the eight varia-

bles involving the June and Sept,ember scores for the

ad.dit,ion, subtraction, multÌplication and division tests.

the Simp1e Corre1atior,"- ¡togtg*.6 A

51

6rbÌd., pp. 45-46.



CHÄPTER 4

AN.A,LYSIS OF DATA

The purpose of this chapter is to present detail-

ed results of the stud.y described in the preceeding

chapter. More specificaLly, the hypotheses set out in

Chapter 3 were either accepted or rejected. To facilì-

tate reportÌng, the results are presented under five

headings: Addition, Subtractìon, Multiplication, Divi-

sion, and. Correlat,ion Matrìces.

ADDITTON

Ïlypothesis I stated that there would be no dif-

ference Ìn achievement between June scores and September

scores as measured by the

ents at each grade level.

to examÌne the dÌfference

and mean September score.

need.ed for significance aÈ

Results for each grade level are shown in Table 4.01.

The differences in means for grade three and for grade

four trrrere significant at the .05 and .01 levelsr rê-
jecting the null Ìry'potheses at these grade leve1s. How-

ever, tb dÌfference in means at grade five leve1 was

AddÌtl.on Fact's Test for stud.-

The paired t-test was used

between the mean June score

The tabled critical value

.05 leve1 was 2.00 for 60 df.



TAB]-,8 4 " 01

COMPARÏSON OF MEA}T JUNE SCORES AIüD MEAN SEPTEMBER SCORXS

TN ADDTTTON FACTS TEST

52.7 6

49.18

September

GRADE 3

Difference

53 .31

51.s4

53

September

GRADE 4

**significant
*Significant

Value

53"97

53.72

GRADE 5

t=7 " 72**

d.f=8 7

at
at

2.13

2.16

.01 level (t.0f=2"66)

. 05 level- ft . nU=2 
. 0 0 )

t=3. B7**

df=8 4

t=l. 21

d.f=l0 0



not, signÌf icant at, . 05 leveI, and t,he null hypothesis

\^Ias accepted.

Hypothesis 2 stated. that there would be no signifi-
cant difference in the retention of the basic addition
facts between the three grade levels. The summary of

the analysis of covarìance treatment is shown in Table

4.02. Because the tabLed F value needed for significance

at .05 leveL was 3"04, the F value shown in the table
\^/as signÌf icant. at, . 05, rej ectÌng the nuII Ïrypothesis.

Also, the F value exceed.ed the .01 leve1 of confÌd,ence.

Ttre computed F value showed that there \^rere significanÈ
d.if ferences between grade levels, but it does not ind.icate

where these d.ifferences occurred..

An aposterìori procedure, the Schef fé met,hod, \^7as

applied. to locate significant differences in retention

between pairs of grad.e leve1s. For the Scheff6 method,

the value Fr was derìved from the formuLa Fr = (k-I)Fo

whe.re Fo was 3.04 for 200 df at the .05 level of confi-
dence. Therefore, the critìcaL Fr val-ue needed. for sign-

ificance at the .05 leve1 is 6.08 where k = 3. Then, the

F values for each paìr of grade levels \,üere d.erived. from

the following formula:1

54

l*George A. Ferguson, Sta't,istical Ahalysis in
Psychology and EducatÌon [3r HiII
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TABLE 4.02

A}üA],YSTS OF COVARTANCE SUMMARY TABÏ.,8

FOR ADDTTION FACTS TEST

Source of
Variance

Between

wJ-tnr_n

Total

Sum of
Squares

**Significant at
*Significant, at

531. 53

3544.97

407 6. 50

df

55

2

270

272

.0L leveL (F

.05 level (r

Mean
Square

265.7 6

13.13

14. 19

. Or=4. 71)

.nU=3.04¡

F
Value

20.24**



F=t2=

ïn this formula, S,:,2 is the adjustment of the adjusted'b7

within group variance est,imat,e2, xI and f, are ad.just.-

ed mean scores and n, and n, are the size of each group"

The. June and September test scores and the adjusted mean

scores for each grade Level and for each basic facts

test, are shown in TabLe 4.03. If the F value is great-

er than or equal to Ft, then ttre mean difference is signi-
ficant.

The resuïts of Scheffé tests are shown in Table

4.04, and signÌfÌcant, differences are ind.icated by aster-
isks. Significant dìfferences at the .05 level \^rere

found between all paÌrs of grade levels with retention

differences between grades three and fìve, and. between

grades Èhree and four exceedÌng the .01 Level of conr

fidence.

st2l¡I ht*rz ) / nlnz

56

2- - --.-In using an aposteriori procedure, t,he Scheffê
test wÌtlr the anaLysis of coyariance design, adjustmenÈs
to the adjust,ed within group varÌance must be made.
This adjustment is given by the formuLa for average ex-
perimental error per unit shown on page 786 of B. J.
hlinerIs book StatLstÌual PrincÌp1es in Experimental- De-
sJ-g:n.



JUNE

AND

Addition

A}TD

THE

Tå,BLE 4.03

SEPTEMBER TEST SCORES

ADJUSTED MEA}ü SCOP"ES

Subtraction

Grade

June
Test

Scores

3

4

5

Multiplication

52.7 6

53.31
53. 97

September Adjusted
Test Mean

Scores Scores

3

4

5

DivÌsion

57

49 .63
50.85
52.7 6

49.18
51. 54

53. 72

3

4

5

49. 14

47 "75
51. 08

46.23
50. ô8

52. 07

49.7s
51. 60

53.17

3

4

5

45.47
44.86
48.65

39.95
44.66
4e.81

47 .BB

50.42
50.35

38.44
40.72
48.30

40.20
46"10
48.39

39.29
42 .09
46.40



Comparison

TABLE 4.04
¿

SC}TEFFE TESTS FOR ADDITION FACTS

Grade
and

Grade

Grade
and

Grade

Grade
and

Grade

Ad.justed
Mean

49.75

51.60

51.60

53.17

49.75

53. 17

*Significant at .05 leve1
**significant, aÈ .01 level

Difference

58

1.85 11.06**

F
Value

1.57 8.39*

(F'.05=6"08)
fF' . ot=9.42)

3.42 41. L5**



HypothesÌs 3 stated that there would be no signi-

ficant d.Ìfference in achievement between the June scores

and the Sept,ember scores as measured by the Subtraction

Facts Test. The results of the paired t-test for grades

three, four and five are shown in Table 4.05. The tabled

crÌticaL value needed for significance at the " 05 1evel

\^ras 2.00 for 60 df . The differences in means \^rere signi-
fÌcant at the .05 level for all grade levels, with the

difference in means for grade three exceeding the .01

level. The nuLl hypothesis for each grade level \¡ras re-
j ect,ed.

ÌIypothesis 4 stat,ed that there would be no signi-
ficant d.ifference in the retention of the basic subtrac-

tion facts between grade Levels. The tabled criÈica1

F value needed. for significance at the .05 leve1 was

3"04. The summary of the analysÌs of covariance treat-
ment shown in Table 4.06 reyeals that the F value was

sìgnÌficant at both the .05 and .01 levels, rejecting
the nuLl hypothesis.

Using the adjust,ed mean scores, the Scheff6 method

was appJ-ied to locate significant, differences in retention

at the .05 level between paÌrs of grade leveIs. The F

values Ìüere computed. in the same manner as outlined. for

SUBTRACTTON

59



COMPARTSON OF

T.A,BLE 4.05

MEA}ü JUNE SCORES AND MEAN SEPTEMBER SCORES

TN SUBTRACTTON FACTS TEST

September

49. 63

46.23

September

GRADE 3

Difference

5.28

7.76

50.85

50.08

60

GRADE 4

**Significant,
*significant

3.56

4 .67

t Va1ue

52.7 6

52 .07

GRADE 5

t=6.46**

df=87

at
at

the
the

.01 level (t

.05 level ft

t=2.13*

df=84

.Or=2.63)

. nU=2.00)

t=2 " 55*

d f=l0 0



TABT¡E 4.06

AN.A,LYSTS OF COVARTANCE SUMMARY TABLE

FOR SUBTRACTTON FACTS TEST

Source of
Variance

Between

WTËNAN

Tot,al

Sum of
Squares

**SignÌficant at .0L LeveL (F=4.71)
*Significant at .05 leve1 (F=3.04)

353.25

3758.40

4L11. 65

df

6L

2

270

272

Mean
Square

176. 63

13.63

15.12

F
Va1ue

12.69**



addÌtion. The result,s of the Scheffé method. are shown

in Table 4.07, and, significant dÌfferences are indicat-
ed with asterisks. Significant differences in reten-

tÌon between grades three and fÌve, and between grades

three and four at, the .05 and .01 LeveJ.s are Ìndicated

in the tabLe. Ilo'wever, no signÌf icant dif f erence \^ras

found between grades four and fìve.

MULTIPTÏCÀTTON

HypothesÌs 5 stat,ed that there would be no signif-
icant difference in achievement between the June scores

and the Sept,ember scores as measured by the Multiplica-
tion Fact,s Test,. The result,s of the paÌred t-t,est for
grades three, four and. five are shown in Table 4.08.

The tabled criticaL value needed for sÌgnificance at
the .05 leve1 was 2.0ô for 60 df. The differences in
the means lvere sÌgnÌficant at both the .05 and . 01 leve1s

for aLl grades. The nuLl hypothesÌs for each grade level
was rejected.

IlypothesÌs 6 stated that there would be no sign-
ificant d.ifference in the retention of the basic multi-
pIÌcation facts between grade IeveIs. The tabled

critÌcaL F value needed for sÌgnÌficance at the .05 Level

vras 3. 04. The summary of t,he analysÌs of covariance

treatment slrown Ìn Tab1e 4. 09 reveals that, the F val-ue

62



TABLE 4.07
t

SCHEFFE TESTS FOR SUBTRACTTON FACTS

Comparison

Grade
and

Grade

Grade
and.

Grade

Grade
and

Grade

3

4

4

5

3

5

Adjusted
Mean

47.88

50"¿2

50"42

5Ò. 35

47. B8

50.s5

**SÌgnificant
*Significant

Difference

63

at
at

2.54

.01 level

.05 level

F
Value

0.07 .02

(F'
(F'

19.00**

2.47

.Or=9"42)

. nU=6. 08 )

19.71**



TABLE 4.08

COMPARTSON OF MEAII JUNE SCORES AND MEAN SEPTEMBER SCORES

TN MULTTPTJTCATTON FACTS TEST

49.14

39.95

September

GRADE 3

Difference

7 .86

10.73

47.75

44.66

64

GRADE 4

**Significant
*sÌgnifÌcant

t Value

7 .37

6 .16

51. 08

49. B1

GRADE 5

t=11.92**

df=87

at
at

. 01 level (t. 
Or=2 . 66 )

.05 level (t.0S=2.00)

6. 09

6.92

t=5.54**

df=84

t=3.4I**

df=I0 0



TABLE 4.09

A}TALYSTS OF COVARTANCE SUMMARV TABLE

FOR MULTTPI¡TCATTON FACTS TEST

Source of
VarÌance

Between

I¡üithin

Total

Sum of
Squares

**Significant, at
*Significant, at

3266.26

7893.46

1l-15 9 .7 2

df

65

2

274

272

. 01 Level (F. 0I=4. 71)

. 05 leve1 (F 
. OU=3 

. 04 )

Mean
Square

1633.13

29.24

41. 03

F
Value

55.86**



\^ras significant, at botlr the .05 and .01 levels, rejêct-
ing the null hlpothesis.

An aposterÌori Scheffé method, using the adjust-
ed meah scores, \¡ras employed to Locate signif icant dif -
ferences between pairs of grade Levels. The procedure

outlined for addition was used in computing the F vaLue.

In Tab1e 4.10, significant, differences in retention are

indÌcated wÌth asterisks. SìgnÌficant differences between

all pairs of grade LeveLs v/ere found. at .05 level; differ-
ences exceed,ing the .01 leveL were found between grades

three and fÌve, and between grades three and. four"

DTVTSTON

Hypothesis 7 stated thaÈ there wouLd be no signif-
icant difference Ìn achievement between the June scores

and the September scores as measured by the

66

Fact,s'Test. The

grade level are presented in Tab1e 4.11. The tabled

crÌtÌcaI val-ue needed for sÌgnificance at the .05 Level

\^/as 2.00 for 60 df . The null hypothesis was, rejected

for grad.e three and for grade four because the differences

between the means \^rere sÌgnÌfÌcant at the . Ò5 and .01

l-eveLs. No signif Ìcant dif f erence \Àras f ound f or. the

grade five students, thus the null hypothesìs was ac-

scores as measured by the oivision
result,s of the paired t-tesa ,"" .".n



TABLE 4.TO
a

SCHEFFE TESTS FOR MUITTPLICATTON FACTS

Comparison

Grade
and

Grade

Grade
and

Grade

Grade
and

Grade

3

4

4

Adj usted
Mean

40.20

46.10

46.10

48.39

40.20

48 .39

**significant
*SignifìcanÈ

Difference

67

at
at

5.90

Èhe

the

F
Value

.01 LeveL

. Õ5 leve1

2.29 g. t2*

8.19

50.50**

(F'
(F'

.Or=9.42)

. OU=6.08)

106.02**



TABT,E 4.11

COMPA,RTSON OF MEAI{ JUNE SCORES AND I{EA}ü SEPTEMBER SCORES

TN DTVTSTON FACTS TEST

September

45"47

s8.44

September

GRADE 3

Difference

8.99

10.93

44.86

40.72

September

68

GRADE 4

**Significant at
*Significant at

7.24

8"30

VAIUE

48"6s

¿8.30

GRADE 5

t:8. 42**

df=8 7

. 01 leveL (t. Or=Z . e S )

. 05 Level (t. OU=e. OO)

s.95

7 .02

L=7 " 33**

df:8 4

t=0. 69

df=I00



cepted.

Hypothesis I stated. that there would be no signif-
Ìcant, difference in the retention of the basic division
facts between grade leveLs. The tabled critical F value

needed for sÌgnÌficance at the .05 level was 3.04. The

suilrmary of the analysis of covariance treatment shown

in Tab1e 4.I2 reyeals that the F vaLue was significant
at both the "05 and .0L Leve1s. The nuLl hypothesÌs was

rejected "

Using t,he ad,just,ed mean scores r ån aposteriorÌ
Scheff6 method was applÌed to locate significant d.iffer-
ences in retention between pairs of grade levels. The

procedure out,lined for additÌon was used in computing the

F value. In TabLe 4.13 signÌficant differences in re*

tention are indÌcated by asterisks. SignifÌcant differ-

ences between all pairs of grade levels rlrere found at

"05 LeveL; differences exceedÌng the .01 level \^rere

found between grades three and fiye, and between grades

four and five.

C ORRE],ATT ON M.A,TRTCES

Correlat,ion matrÌces representing the total sam-

p1e and also each grade Level appear in Tab1es 4.14,

4.15, 4.16 and 4.I7. EÌght varlables from the study

69



TABLE 4. ].2

ANALYSTS OF COVARTANCE SUMMARY TAB],8

FOR DTVTSTON FACTS TEST

Source of
Variance

Between

WiÈhin

Total

Sum of
Squares

**SìgnificanÈ at .01 level (F=4.71)
*Significant at .05 Level (F=3"04)

2343.60

10001.39

1234 4.99

df

2

270

272

70

Mean
Square

1171. B 0

37. 04

45.39

F
Value

31. 63**



Comparison

TASLE 4.13
/

SCHEFFE TESTS FOR DTVISTON FACTS

Grade
and,

Grade

Grade
and

Grade

Grade
and

Grade

Adjusted
Mean

39.29

42. 09

42.A9

46.40

39.29

46 .4A

3

5

**Sìgnificant at .01 level
*SÍgnificanÈ aL .05 leve1

Difference

71

2.80 8.91*

F
Value

4.31 22.56**

(F'¡.01=9.42)
(F'.05=6.08)

7.11 62.52**
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\^/ere int,ercorrelated in order to examÌne relationships

between the June and September scores at the d.ifferent,

grade leveLs and also between the skill areas for June

and f or Sept,ember. These variables are the June Ad.d.ition

Facts Test. scores, the SePtember

scores, the June Subtraction Fact,s Test scores, the Sept-

ember Subtractìoyr- I'act.s' Test, scores ,

tion Facts Test scores, the

Test scores,

September

\^rere signifÌcant at

value of r exceeded

efficÌents reLevant

the June DÌvisÌon Facts Test scores, and the

oÌvÌsion Facts Têst, scores. All correlations

Addit,ion Facts Test

September
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the .05 level because the obtaÌned

.2l-7 for B0 df. The correlation co-

to t,hìs study are circled.

the June Multiplica-

l[ultiplication Facts



CHAPTER 5

DISCUSSTON AND CONCIUSTONS

The purpose of this chapter is to state the limit-

at,ions of this study, to dÌscuss the staÈisticaL findings

and to interpret, t,he results. Implications of this study

are present,ed and consid.eratÌons for further research are

offered. The chapt,er ends wittr a sufltmary and conclusions.

elthough the findings of this study may be sÈatist-
ically sÌgnifÌcanL, further exploration of the data is
necessary. Because of the large sample, the statistical
procedures may reveal a significanL difference even Lhough

this difference may not substantially affect a change in
a studentts behavior. For example. the difference bet-
ween the mean June scores and the mean September scores

may be st,atistically significant at a prescribed. level
of significance, but the actual difference in ttre mean

scores may be so small that it would not affect the stud-
entls competency. when the use of the basic facts is in-
volved" A loss of this degree may be attributed to chance

errors, and in the opinion of this investigator would not

be consÌdered meaningfully significant. Each hypothesis

wilL be considered for its statistical, meaningful and

educatÌonal inferences.



LTMTTATIONS OF THE STUDV

Generalizations from the results of this study are

limÌted by the test,Ìng instrument used. The test required

the student, to respond Lo each problem within a given time

IÌmit and dÌd not provide any opport,unity to attempt miss-

ed. problems. Also, the test \À/as presented audìbIy so

that students were not given a visual representatÌon of

the problem thereby makÌng the student totally dependent

on Ìris auditory skilIs. The format and organization of

the test d.id not consider conceptual complexities of the

various skiI1s.

A further Iìmìtatìon \ÀIas tlrat other independ.ent

variables were not used. It may have been that listening
skÌI1-s, attention span or even reaction time in respond-

ing to each problem may be a contributÌng factor to a stud--

entts achievement,.

DTSCUSSTON OF FINDTNGS

In this section the findings will be discussed

under four headings: Ad.dition, Subtraction, Multiplica-
tion and Division.

Addition

Because student,s begÌn learnÌng ad.dition skills
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in grade one| st,udÌes by Bruecknerl and, Cook2 showed thaÈ

retention losses durÌng the surnmer vacation by the end of

grade two were slight. However, Ìn this stud.y the results

of Èhe paÌred. t-test showed that significant differences

between the mean June scores and mean September scores

\^/ere f ound not, only in grade three, but also in grade

four. From the results of previous studÌes, it wouLd. be

expected. that significanL losses in retentÌon would not

occur by the end of

ing the result,s of

ment. that is used

ed. The students

not, expected to complete each Ìtem on the. test within a

given time interval. Tn this study a student was expected

to answer each ìtem on the test, within the alloted time

int,erval, and because the items were presenÈed orally,
the student was unable to go back and complete any of the

missed. items. Although ìÈ is quìte possible that some

students knew some of the facts they missed, tlrey hrere

prevented from scoring higher because of the time restric-

tion. ThÌs may have been responsible for the significant

grade tlrree and grade four. In compar-

prevÌous studies the testing instru-

Ìn gathering the data must be consider-

in Bruecknerts and Cookrs studies r^rere
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difference Ìn achìevement especially at the grade three

leveL.

The significant difference Ìn achievement found

at the grade four Level needs to be examined furtlrer.
The actual difference in the means between the June

scores and September scores was I.77. A difference of
I.77 represent,s a retentÌon loss of approxirnately four
per cent of the. June addition facÈs. In a practical ap-

plicat,Ìon of the add.Ìtìon facts, a loss of this degree

would not, significantly affect the efficiency of a stud.,

ent I s computationaJ. skiLl ìn ad.dition. Therefore, the

loss at, the grade four level cannot be considered mean-

ingfully significant

Because the Addl-tìon facts Test was the same for
both the June and September sìttÌngs, a hÌgtr correlation
between the June scores and. September scores could be

expected. Surprisingly, Lhe correlation matrÌces for
eaclr level revealed that the correJ-at,ion coefficients in
addition of .63 for grade three o .52 for grade four and

" 54 for grade five \^rere the lowest of all the operations

tested. The lower correlation coefficients imply that.

only thirty to forty per cenÈ of the information needed.

for the perfect, predÌct,ion of the September scores rlras

known. Because the remaining sixty to seventy per cent
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remained unexplained, factors other than surTrner vacation

might have influenced the September scores. The Addit-

ion Facts Test was the first test administered. both in
June and September. The unfamiliarity of the test pro-

cedures might have had an effect on the correlation co*

effÌcÌent at, all grade Ievels, and thus could have low-

ered the correlation coefficient.
Significant, difference in retention of the addition

facts \^ras experienced. between students in grad.es three

and f ive. ThÌs resuLt. \,vas consistent wÌth expect.ations

because a grade fìve student would have the advantage

of two years experience in using addÌtion skilIs, and

thÌs would assist Ìn the retent,ion of the basic facts.
Although sÌgnificant, d.Ìfferences Ìn retention were found

between grades three and four, and between grades four

and f Ìve, the d.ata showed that the actual d.ifferences in
the adjusted mean scorès t^rere 1.85 and 1.57 respectively,

represent,ing retention dÌfferences of approximately four
per cenL between pairs of grade Ievels. This need not

result in a grad.e three student performing educationally

dÌfferent,ly in addition skills from a grade four student,

or a grade four student performÌng meaningfully differ-

ent,ly from a grade five sÈudent. Therefore, the differ-

ences in retent,ion between grades three and four. and
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between grades

ficant.

Subtract,ion

statistically significant, differences in achieve-

ment between the mean June scoïes and mean september

scores \dere found. at all three grade revels. However,

the data shows that the actuar mean differences between

the June and September scores \^rere .77 for the grad.e

four students and .69 for the grade five students. These

differences represent retentìon rosses of less than two

per cent. of the June subttraction facts, or differences
too smaLÌ to have any signif,icant effect on a studentrs

comput,ational skill Ìn subtraction. The Losses at, the
grade four and the grade five LeveLs were not meaningfur-

Iy significant.

The correlation coefficÌent as shown by the cor-
relat,ion matrices were higher for subt,raction than addit,ion

for all levels. A correLation coefficient of "zB for the

tot,ar sample indicat,es that sixty per cent of the informa-
t.ion ne.ede.d to make a perfect, prediction of the september

scores was known. ThÌs implies Èhat summer vacation had.

more influence on the sept,ember scorès than other factors.
Therefore, the retentÌon loss at the grad.e three 1evel

four and five !üere not meaningfully signi-
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might have been, in all LÌkeLihood, affected. by t.he summer

vacation.

rn determining retention differences beÈween grad.e

levels, signif icant, d.if ferences vrTere found betwe^en grad.es

three and f ive, and. between grad.es three and four. But
the dÌfference of 2.47 in the ad.justed mean scores bet-
\À/een grade.s three. and five, and a difference of z.s4 bet-
ween grades three and four signify that there was less
than five per cent difference ìn the adjusted scores bet-
\^reen the two grade LeveLs. A dif ference of t,his d.egree

wourd not substantiaJ.ly favor one grade lever over the
other in solving subtraction quest.Ìons. Although statis-
ticar d.if ferences \iüere found between grade revels, for
educatÌonaL relevancy there are no meaningful differences
in ret,ent,Ìon between any of the grad.e 1eveLs.

observation of the data shows that the adjust,ed

mean score of 50.42 for grade four was slight,ly higher
than the adjust,ed mean score of 50.35 for the grade

five student. As shown by the subtraction content in
the currÌcurum, it is expected that grad.e five studenÈs

wilL have at.tained mastery of the subtraction process,

and, that Less t,ime is allotted for this skilr. The high-
er mean score at. the grade four Lever is the refrection
of the degree of emphasis praced on subtraction in the
currÌcuIum"
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Multiplicat,ion

Significant d.ifferences in achievement between the

mean June scores and the mean September scores occurred

at all grade levels. CorrelaÈion coefficients of .74

for grade three and .72 for grade four \,\rere obtained.

These correlat,ion coefficÌents imply that Tnore than fifty
per cent of the information needed for the perfect pre-

dÌct,ion of the SepÈember scores was known, whereas 1ess

than fifty per cent, remained unexplained and may be at,-

tributed to other factors. Thereforef summer vacatÍon

appears to have infruenced tlre differences in achievement

more than other factors.
For the grade five students, the actual d,ifference

between the means of the June and September scores was

1.27 r or a retention loss of about three per cent of the

June scores. A loss of this degree wourd not have detri-
mental effect on a student,'s ability t.o compute multipli-
cation quesÈions. Although the difference was statisti-
caIly significant, for its practical application, the

difference is not meaningfully significant.
It should be noted that the mean ,June achieve-

ment score \¡ras 49.14 for grade three st,udenÈs as com-

pared to 47.75 for the grad.e four students. Mult,ipli-
cation is usually introduced in grade three, and much em-
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phasÌs is placed upon learning the basic facts during

the lat,t,er parÈ of the school term. It is thus under-

standable that the June scores for the grade three stud.-

ents \,vere higher than the scores obtained by the grade

four student,s. This margin of 1.39 was short-Lived, as

the mean score of 39.95 for t,he grade three stud.ents in
SepÈember \¡ras considerably Lower than the mean score of
44.66 for the. grad.e four stud.ents. This resulted in a

difference of 9"19 for grade three as compared to 3.09

for grade four" The concentrated practice on learning
the mult,iplicatìon facts at, the end of grad.e three was

not suf f icÌent, for stud.ent,s to retain the facts. Mean-

wlriLe, student,s in grade four derived practice by apply-
ing Èhe basic facts to other multipJ.ÌcatÌon procêssesf

and as a result ret,ained more facts than the grad.e three
student,s. The re.sults ÌmpJ-y that retention may be more

effective when facts are appJ-ied rather than just memoriz-

ed or that the fact.s may take longer t.o assimilate.
As \iüas mentioned, the basÌc multiplication facts

are learned in grade three, while in grades four and

five emphasis is praced on the apprÌcatÌon of the basùc

facts in developÌng multiplicat,ion processes. The cur-
ricuLum allots greater tj:ne for muLtiprication in grad.es

four and fÌve than Ìn grade three wìth the result that
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significant d.ifferences Ìn retention \¡Iere found between

grades three and four, and between grades three and

five. The d,ìf ference Ìn ret,ention between grades f our

and five was not meanÌngfully significant, and might jrn-

ply that, the most effective learning period for multipli-
cation facts is in grade four in our present curriculum

st,ructure.

DivisÌon

As Ìn multiplicatÌon, sÌgnificant differences in
achievement between the mean June scores and mean Sept-

ember scores for the Division Facts Test \^rere found for
stud.ents in grad.e three and. grade four. The correLation

coe.fficients of .71 for grade three and .78 for grade

four Ìmply that more than flfty per cent of the variance

in the September scores may be attributed to tlre June

scores. Thus, dÌfferences in achÌevement appear to have

been influenced more by summer vacation than by other

factors.

As in multìplication, tlre grade three students

achieved. a higher mean score in ,ïune on the Division

B6
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the mean score of 38.44 for grade three and 40.72 for
grade four resulted in mean differences of 7.03 and

4.14 respectively. LÌke the multiplication facts, d.ivi-

sion is usually int,roduced in grade three, and receives

concentrated attention near the end of the school term.

This effort prod.uces a short-lived retention as shown

by the large drop evidenced by the grade three students"

The grade four studentsr or the other hand, experience

more practice in using the basic facts to solve easier

division questions. The application of the facts Ín

solving computatÌonal questions in dìvision seems to

assist sÈudents in mastering the facts so that tÏre loss

during the suilÌmer vacatÍon is less than the loss experi-

enced by grade three students"

The difference in retentÌon between grade

levels occurred between all pairs of grade levels. Un-

like muJ.tìplicat,ìon, the least difference Ìn the adjusted.

mean scores \¡Ias found between grades three and four.

This suggests Lhat greater growth of division facts for
retention occurs at the grade fÌve l-evel rather than the

grade four IeveI. AIso, this mÌEbt imply that the under-

standing of the division process may be more complex than

the multiplicatÌon process, and that the mastering of
division facts is depend.ent on the multiplication facts.
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GENERAL COMMENTS

Although the hypotheses \,vere tested. under specific

head ings I many rel*ational trends \^Iere aLso explored .

Figure 4 shows a graph of the adjusted. mean scores for
ad.dÌt.Ìon, subtraction, multiplicat,ion and division. As

\úas expected, the d.ata shows that as the grade leveL in-
creases, the achievement, leve1 or the number of basic

facts that, a student has J.earned increases. Furthermore,

the graph in Figure 5 shows th€ difference scores between

the mean June scores and mean September scores for the

four skill areas which indicates that the degree of re-
tention increases as the grade leveL increases.

Also, the d.ata reveaLs that a trend exists in the

adjusted. mean scores for the different skÌIls. Figure 6

shows in a graph thät the adjusted. mean scores decrease

from addition to subtraction to multiplication and to

d.ÌvisÌon for all grade Levels. Generally, in grade one¿

the learning of add.ition is followed by the learning of

subtraction because the two skills are interreLated.

However, the difficulty of the process must be consider-

ed. The concept of addÌtion is based upon a single modeI,

the union of dÌsjoÌnt sets; subtraction is based upon

three modeLs, the missing addend., the removaL of a subset

from a given set and the difference between two sets. In
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considering the complexity of the two skiIls, it was ex-

pected. and was shown by this study that stud.ents achieve

a hÌgher mean score in addition.

SìmÌlar to addit,ion, the concept of multiplication

ìs based upon a single modeL, the union of equivalent

sets. On the other hand, d.Ìvìsion is based upon two mod-

els: the quot,itive and the partitive. Tn the quotitive

model, the student finds the nunber of equivalent sub-

sets in a given set whereas Ìn the partitive model, the

student finds the nurnber of elements in eaclr equivalent

subset of a gÌven set. Thus, the complexity of the div-
ision concept is refLected in lower achievement scores.

Because mui-tiplication Ìs relat,ed to additìon, and

d.ivision is related Lo subtractìon, both multìplicat,ion

and division are Ìntroduced to the stud.ent,s after learn-
ing add.ition and subtraction facts, usualJ.y in grade

three. The t,ime dif f erence in the Ìntroduction of the

different skilLs has an effect on t,he achievement scores.

The advantage of two yearsr experÌence in add.ition and

subtraction is a benefit t,o the st,udent when comparÌng

the achievement scores Ìn addition, subtraction, multi-
plication and d.ivision. This is reflected in t,he adjust-
ed mean scores. Therefore. the differences in the ad.just-

ed mean scorès may be attributed to the complexity of
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learning a skiLr and to the experience a student has with
a skÌII.

An interesting observation is the high correLation
coefficient for alL grade levers between the Multiplica-
tÌon Fact,s Test scores and the

for both the June and septeinber sÌtLings" The correla-
tion coefficient,s between the June rnurtipricatÌon and

d.ivision scores \^rere . BB for grade three , .g4 for grade

four and .79 for grad.e five whereas the september scores

showed correration coefficient,s of .93 for grade three.
.7L for grad,e four and .74 for grade five. Because

multÌplicatÌon and division test,s !üere adminisLered in
the same sitting, the interreLatedness of the two skilrs
may have contributed to the high correlation coeffìcients.
This suggests that a strong relationship exists between

murtipricat,ion and division scoresr ând that the know-

led.ge of one skill assÌsts the other in the tests.
A high correLatÌon coeffÌcÌent would be expected

between the ad.dition test scores and subtraction test
scores because the two skÌLls are arso interrelated and

both tests r¡¡ere admÌnÌstered at the sane sit,ting. The

correratÌon coefficients betwe.en the June addition and

subtraction test scores \^rere .63 f-or grade three, .53

for grade four and .41 for grade five. This represents
a weak relationshÌp between the two test scores. How-

DiVision Fb,Ct's TeSt scores
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ever ' as vras stated earrier, the ad.ditÌon f acts test was

the first test ad.ministered in this stud,y. Because the
procedure and the test r¡rere new t,o the students, this
might have af fect,ed th,e correlation coef f icients. The

correLation coefficients for september hrere somewhat

hÌgher with .71 for grade three, .70 for grad.e four and

.63 for grade fÌve. Horrever, thÌs d.oes not compare to
results for muLtiplicat,ion and division. Again, these
t,est,s ¡¡/ere the fÌrst administered after the ret,urn to
school in september. The adjustment t,o school routines
after the summer vacatÌon inight, haye affected. the correl-
ation coefficients.

A further observatÌon of the data reveals that there
is an overlap of the achievement scores among the grade

levels in the various test,s. using the resul-ts of the
June and september MulþLpric?tÌor-r FagtP- Test, t.he graphs

in FÌgure 7 and Figure I show the overlap in the test
scores for students in grade three, grade four and grade

f Ìve. The d.at,a for the graphs are found in Appendix G and.

Appendix H respectively.

Figure 7 shows that .56 of the students in grade

three, .45 in grade four and .73 in grade five had scores
in the 51 to 55 range for the June multipi-icat,ion test.
sÌmilar results rnrere found for scores in other ïanges.
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Also, Figure B shows that t,here is an overlap of the scores

among the grade leve1s for the various ranges of scores.

ThÌs suggests that, there are students at, each grade 1evel

capabJ.e of handling murtÌplication facts to the same leve1

of compet,ency. A more effectìve approach of teaching

mathematical skÌlLs might be to group stud.ents according

t,o their mathemat,ìcaI abilÌties, and thereby reduce the

large range of abilitÌes found in a graded structure.
Also, Lhe grapTr in FÌgure 7 shows tbat the great-

est number of the students in each grade. Ievel- for June

\^¡as in the 51 to 55 range. However, in Figure I the

peak representÌng the greatest number of students had.

shifted to a lower range of scores for both the grade three

and grade four students whereas the peak for the grad.e

five students remained stationary. This suggests that the

students in grade three and grade four forgot more of the

mulÈiplicat,ion facts than the stud.ents in grade five.
Finallyr the graplr Ìn Figure 7 shows that tbe range

in scores of the difference between the highest and low-

est scores was the least for the grade three in ,fune. ït
appears that a more ÌnÈense concentrat,ion on the multi-
plication facts during the latter part of Lhe school term

might have lÌmÌted the range whereas in other grades em-

phasis was likely placed upon other skitls. Hotuever, in
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September the range in scores for the grade three was the

largest among the grade levels. It suggests that the

grade Èhree students \^rêre probably more affected by the

sutnmer vacation than the other grades, and thus a larger
range in sdores may have resulted.

TMPLTCATTONS AND FURTT]ER CONSTDERATTONS

Although surmrrer vacatìon affected the retention
of the basÌc facts at tTre grade three level, and. to some

degree at the grade four leveI, the study shows that
grade five students retaÌn the learned basic facts for
all skiIls. As expected the retention differences for all
tests except subtraction were sÌgnificant between grades

three and five, whÌle the least differences in retention
occurred. between grades four and. five for all tests except

division" Several ÌmplÌcatÌons for element,ary teachers

of mathematics arise from these findÌngs.

The study suggest,s that a steady growth in the

learning of the basic facts occurs as the grade 1eve1 j_n-

creases. Vüith the Ìncrease in grade levels, there is a

trend towards a great,er level of achievement of Èhe tests
as well as greater retention during the sunìmer vacation.

This implies that, growth may be enhanced. through apply-

ing the basic facts in solving computational questions,
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rather than mastering the facts and then 1earning Èhe

computatÌona1 processes. Learning the basic fact,s through

applicatìon seems more reLevant, to stud,ents and wi1l pïo-
babJ.y be more easÌJ.y ret,ained.

Also, the stud.y suggests that the differènce scores

or the retenLÌon l-eveLs ìmprove as the grade. level increas-
es for all basic fact,s tests irregardress of the achiêve-

ment Level-. This trend is shov¡n by a grapb. in Figure 6.

.A,ccordìng to eiaget3, the chÌld's perceptual de-

velopment may be ident,ÌfÌed by four dÌst,inct stages; the
sensory-motor stage¡ pre-operat,ìonal stage, the concrete

operatìons stage, and the formal operations stage. It, is
not untÌI the ages of eleven or twelve that an indÌ¡¡idua1

enters the f ormal operat,Ìons st,age, a stage Ìn which a

child can think in abstract terms. ThÌs Ìs the stage that
a studenù may begin to adequat,ely perform menÈal opera-

tÌons.

Because the test used Ìn this study presented. the
basic fact,s abstractly - the student, had to perform ment,-

al operat,Ìons within a given tÌme LÌmit - the intellectual
deveJ.opment of the student would have an affect on the re-
tention of the basÌc facts. The results of this study

showed that grade five students [ages ten and ereven) dis-
played a hìglr retent,ion Level, and that retentÌon leve1
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increased wiLh grade level and age. The ìmplication of

this would suggest, to t,eachers that the mental process

involved in learning the basic facts is not fully develop-

ed by grade three and. eyen grade four, and would account

for the higher dÌfference scores. These stud.entsr âccord-

ing to Piaget, are Ìn the concrete stage. Because their
abilÌty to think abstract,ly Ìs not, fully developed, the

teacher, at this st,age, should make the greatest use of
manipulatÌve or concrete materiaLs.

A further implication is that teachers should not

assume thät what a student knows in June is what he wiLl
know Ìn September. The data shows that there is a sub-

stantiaL drop in achieyement, for the grad,e three stud-

ents in both rnultipJ-Ìcat,ion and divÌsion f,acts tests
from the June sëores to the Sept,ember scoïes. Ne1son4

recoilrmends that a t,eacher-made dÌagnostic test be admÌn-

istered at the begÌnning of each scTrool yêar to assess

t.he studentrs mathematical strengths and weaknesses, and

to det,ermÌne th-e nature and extent of remedial work. This

wouJ.d give the teacher some criteria t,o group students for
cont,Ìnuous d.eveLopment, and t,o provÌde a more ef fective
approach 

fo 
neetÌng indìvÌdual need,s. Attempting t,o teach
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more advanced skiLLs on a poor basic facts foundation

wil-I Lead to confusion.

Although the grade five sÈudents retained the learn-

ed basÌc f act,s during the sulnmer vacation, the LeveLs of

achìevement, for multipJ.Ìcat,Ìon and dìvÌsion \^lere not com-

parabJ-e to that of addÌtion and subtracLion. As was in-

dÌcated before, thê knowJ.edge of the basic facts improves

as st,uilents gain more experience in utÌlizing the facts

to soLve ot,her computational questions. A dÌagnostic

test, may reveal which basic facts are weak and prograrns

may be devÌsed to strengthen these facÈs.

In fuÈure studÌes the naÈure of the testing in-

strument must be more closely analyzed. In this st,udy

the basic fact,s \^¡ere presented audibly to the students

with an uniform tj,rne Ìnten¡al be.tween each ìtemr and

only answers \^Iere recorded. ThÌs dìd not alLow students

a second opportunity to ansrder any missed items or allow

some student,s suffÌcient time to answer aLL the questìons.

.Another factor that, was not considered in this
study was the differences in conceptual complexit.ies re-
lated to the different processes. AdditÌon, as vras

mentioned previously, is based upon a sÌngle model, and

may be represented by the equat,ion forms;

I0I

:+2=[ 2+:=n



A student, would respond by finding the sum of 3 and 2.

vfith the knowledge of the commutatÌve property of addition,

a student would realÌze that the second equation form

would have the same sum as the first form.

However, subt,ractÌon, which is based on three

models ¡ rrây be represent,ed. by dÌf ferent equat.ion forms

for the same set of numerals. Some of these forms are:

2 +[=

fl +: =

5

5

5

5

The complexÌt,Ìes of the subtractÌon equations require

greater ment,aL fLexÌbÌIìty, as is shown by the variety
of locations that a mìssing numeral may be placed. The

test,ing ìnstrument in thÌs stud.y utilÌzed. only the simpl-

est, of the subtract,ion equation f orms:

!=
[=

J

2
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5-J=
5:2=

l
x

3

2

!-
[-

Thus, to measure a conceptual underst,andìng of subtraction

facts a test,ing device using the varÌor¡s forms of the sub-

traction equat,ion should be included. Such a test would

allow for greater dÌffêrènces in retent,ion between grade

levels.

|=

5-3=[

J-

5-2=n



Mu1tÌplicatÌon, LÌke addÌt,Ìon, is based. upon a

sÌng1e model and has two equation forms:

Tlre response to both equations Ìs the sanê because of
the commutative property in rnuLtÌplicatìon.

Division may bê represênted by many dif.ferent,

equation forms for the sa$e set of numerars. These forms

are:

zx3=[ 3xz=[

2x

Ix
6+
6+

[=
)-

n=
!=

6

6

Because the various equat,ions requÌre greater flexibÌIity
Ìn the mentaL procêss, division is more complex than

multÌprication. Tn order to assess the conceptual under-

standìng in division facts, the various equations shourd

be represented in the Èesting Ìnstrument.

The testing instrument, used in thÌs study was

limited Ìn scope and d.ìd not, evaluate the concepÈuaI

unde.rstanding of subtractÌon and divÌsion facts. Tn fu-
ture studies, the differences Ìn the complexities of the

processes should be considered.
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2

3

6+J=
6 + )=

l
n

3

2

!+
[+ ?-

3Tt
2)-6-

å=[

$= [



Ànother method of measuring the retention of the

basÌc mathematical facts would be Èhrough the apprication
of Ètrese fact,s Ìnvoïving more compJ_ex computational

questions. specific facts may be isoLated from the test
problems wit,hout knowLedge of th€ students and providing
a score refLecting theÌr knowledge of the facts. This
wourd enabLe Èhe investÌgat,or t,o determÌne the effects of
summer vacatÌon under more realistÌc cond.Ìtions. Arthough

the-re may be more dÌffùcuLty ìn deveroping an adequate

measuring devÌce, the resuLts wouLd be more reLevant, to
educators where mastery of computatÌonar skirls in addi-
tÌon, subtraction, mult,Ìplication and divìsion are de-
pendent, on the applÌcation of these facts.

Although dÌfferences ìn retentìon between grade

levers \¡/ere compared in tir-is study, other factors could

have been considered. studies simÌlar to patte"=o.rS and.
/

Kramero in which students r,rêre grouped according to abil-
ìty or intelligence would be relevant and usefuL. Such

groupings may be de.termined by nathematicaL achievement

test,s, Ìntelligence tests or a conbÌnation of both Èests.

Groupings related to sex d.Ìfferences as in the study by

Parsley and PoweLlT wourd be another possibÌrity. Future
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studies Ìnvolving abÌlity groups, intelligence groups and.

sex differences would. provÌde add.ítional information into
the effects of surTlmer vacation orr the basÌc mathemaÈical

facts. "4, Factorial Ana1ysÌs of Coyariance design may be

used to analyze several varÌables.

In concLusìon, there are many facets of mathematic:

cal d.evelopment, that need to be explored and re-explored.

The mastery of the basic mathemat,Ìcal fact,s is only a

smaLl portion of mathematical development, and yet essent-

ial for the growth of other related skills. Further

studies wíth greater emphases in the testing procedures,

instruments and groupÌng arrangements would add to the

information generated by this st,udy" Thus, furtlrer rê-
search is needed before definitÌve sLatements can be made

about the effects of summer vacation on the. basic mathe-

matical facts and ways to prevent loss during the suïtmêr

by adjusting curriculum content and mèthods of presentation.

SUMMARY AND CONCT,USTONS

Tlre adminÌstration of the Basic Facts Tests in ad-
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dition, subtraction, multÌplÌcation and division in June,

1973 and September, 1973 enabled. tlris invesÈigator to

determine the effects of sufirmer vacation on the retention

of the basic mathematÌcal facts.



The paired t-test was used to determine signific-

ance differences in achievement aÈ all grade leve1s bet-

ween the June scores and September scores for aLl Èests.

When the data was anaLyzed and found to be significantly
dìfferent, the actual differences in the mean scores

\^rere considered Ìn terms of Ìts meaningful and realistic
effects.

For additÌon and subtractlon fact,s, differences

\Àrere mearrÌngfulIy sÌgnÌficant only at, the grade three

Ieve1. For multiplÌcatl.on and divÌsÌon facts, differ-
ences rüere meanÌngfuJ-1y signÌfÌcant at the grade three and

grade four leve1s. However, student,s in grade five show-

ed no meanÌngfuL or stat,Ìstical dÌfference in ach-ievement

between the June scores and Sept,ernlber scores for any of

the basic facts tests.

The analysis of covariance t,echnique !üas used. to

d.etermine whether differences in retentÌon existed. bet-

r^/een grade levels. In regard to the analysis of covari-

ance results, the null hypotheses for addÌtion¡ subtras-

tìon, multiplicatÌon and d.ìvision \^rere rejected.

The aposterÌorÌ Scbeffé test showed Lhat d.iffer-
ellces Ìn retention for additÌon facts trerê meaningfully

signifìcanÈ between grades thcee and fiye on1y. For sub-

tractÌon f acts, meaningful dlf f erencês \^rere not found bet-
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vrèen any of the grade Levels. Dif f erences in ret.ention

for the multiplication facts ürere meaningfully significant
between grades three and five, and between grades three

and. four, while dÌfferences Ìüere meanÌngfu1ly significant
between all pairs of grade levels for division facts.

Although thÌs ìnvestÌgator deliberateJ-y studied the

effects of the summer vacaÈion for add.ition, subtraction,
multiplicat,ion and dÌvision separately, the conclusions

are presented Ìn more generalÌzed terms. The stud.y found

that achie.vement and retention of the basic facts during

the summer vacatÌon increased for all skills as ttre grade

level ïncreased. Also, the level of achÌevement and re-
tentìon varÌed. wÌth each skiLl. AddÌtÌon showed the high*
est achievement and retent,Ìon levels followed by subtrac-
tÌon, multÌplicatÌon and division. This result was con-

sistent for all grade Ievels, and could. be at,trÌbutecl to
the experience of a student with a skilL and to the vary*

ing conceptual cornplexities within a skilI" Although

loss in retent,ion occurred at the grade three level, this
decli¡red as the students moved up in grad.es.

The stat,Ìstrcal- analysis of the d-ata indicated

that t,he retentÌon of the basic mathematical facts \^rere

seriously affected by the summer vacation. ÌIowever, as-

sessing the educationar Ìrnpliclations of the clata, the re-
sults l^7ere not always found to be relevant.
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Easy

L.0and0
2.land3

3. 2 and 5

4" I and B

5" I and 0

6.1and6

7" 2 and 2

B. 4 and 3

9.5and0

10" 2 and, l
11" 5 and I
12. 3 and 5

13. 0 and 9

14" 2 and 6

15" 7 and 0

16" 4 and L

17. 0 and. 6

18. 7 and 2

19. I and I

20. 2 and 3

APPENDTX A

BASÏC ADDÏTÏON FACTS TEST

2I. 4 and 4

22. 0 and L

23. 4 and 2

24. 7 and L

25. 3 and 3

26" 0 and 4

27. 6 and 3

28. 2 and 0

29. 0 and 3

30. 4 and 5

Hard

1"6and8

2"7and5

3"9andB
4.7and4

5. 9 and. 9

6.Band2

7. 9 and 7

8. 5 and I
9.3and9

10. B and, I
11. 5 and I
12" 7 and 6

13. 5 and 5

14" I and 6

15. 6 and 6

16. 9 and 1

17. B and 3

18. 4 and 6

19. B and 4

20. 5 and 6
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21" 3 and 7

22. 4 and I
23" 7 and I
24. 2 and 9

25. 7 and 7



Easy

1. 3 from 9

2" 0 from I

3. 7 from 7

4. 5 from I

5. 9 from 9

6. 7 from I

7" L from 7

8. 0 from 4

9. 2 from B

10. 3 from 5

11. 5 from 6

12. 7 from 9

13. 2 from 7

14. 0 from 2

15. I from 5

16" 3 from 3

L7. 2 from 6

18. 3 from 4

19. 5 from 5

20" I from 2

APPENDTX B

BASTC SUBTRACTTON FACTS TEST

21. 4 from I
22" 0 from 6

23" 1 from I

24. 2 from 4

25. 0 from 0

26" 3 from 6

27. 5 from 9

28. I from 3

29. 4 from 7

30. I from 9

Hard

1. 7 from 1l
2. 5 from 12

3. I from 17

4. I from 14

5. I from 10

6. B from 13

7. 6 from 15

B. 5 from I0

9. 3 from 11

10. 9 from 12

11. 4 from 13

12" I from 16

13. 7 from 14

14. 6 from 12

15. 2 from I0

16. 9 from 18

17. 6 from 11

18. I from 16

19. 6 from 10

20. 7 from 15
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21" 5 from 14

22. 8 from 12

23. 6 from 13

24. 7 from 10

25. 9 from 11



Easy

1. 3

2. 0

3. 4

4. I

5" 4

6" 2

7" 5

8" 9

9" 2

10" 1

11" 0

12" I

13" 6

14" I

15" 2

16" 3

L7" I

18. 2

19" I

20" 7

APPENDÏX C

BASTC MUI¡TTPTJTCATTON FACTS TEST

twos

sixes

ones

seven

zeros

sixes

twos

zeros

2L.

22.

23.

24.

25.

26.

27"

28.

SEVENS

threes

zeros

fives

one

eight,s

threes

IIard

1. 2

2. 7

3. 4

4. 5

5. 3

6. 5

7.3

8. 4

9. 6

10. 5

11. 4

12" 7

13. 6

14. I

15. 7

16. I

17.6

18. 9

19. 8

20. I

ones

five

twos

three

ones

zero

fours

zeros

nine

t\^Ios

ones

zeros
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eights

threes

fives
nines

eights

sevens

sixes

SEVENS

fours

fives

nines

SEVENS

fives

threes

sixes

twos

eights

sixes

fours

sevens

5 zeros

2r.

22"

23"

24.

25.

26"

27"

nr-nes

fours

eights

sixes

fives

nines

eights



Easy

1" threes in 3

2. fives in 15

3" nines in 0

4. ones in 1

5" twos in I

6. twos in 6

7" ones in 0

APPENDTX D

BASTC DTVTSTON FACTS TEST

21. threes in Lz

22. eights ín 0

23. fives in 5

24" sevens in 0

25. twos in 4

26" fours in 0

27. ones in 4

I " sevens in 7

9. threes in 0

10. sixes in 0

11" twos in I0

L2. sevens in 14

13 " fives in 0

f4" ones in 2

15. ones in 6

16" twos in 12

17 " nines in 9

18. twos Ín 0

19. threes ín 9

20. ones in I

Hard

1. fives in 2A

2. sevens in 35

3. nines in 72

4. sevens in 49

5. nines in 81

6. eights in 64

7. nines in 36

8. threes in 21

9. eights in 48

10. fours in 32

11. eights ín 16

L2. fives in 30
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2I. fours in 24

22. sevens in 28

23. sixes in 36

24 " tr^Ios in 18

25" fours in 16

26. fives in 25

27. sixes in 18

13. eights in 56

14. nines in 45

15. sixes in 54

16. eights in 24

L7. sixes in 42

18. sevens in 63

19. fives in 40

20. threes in 27
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score
t
2

3

4

5

6

7

I
9

10

11

T2

13

14

15

J-6

T7

1B

19

20

2T

22

23

24

25

26

27

2B

29

30

score

APPENDTX E

I
2

3

4

5

6

7

I
9

10

11

l2
13

14

15

16

T7

J-B

19

20

2T

22

23

24

25

26

27

28

29

30

score

Name

I
2

3

4

5

6

7

I
9

L0

11

I2
13

14

15

16

T7

18

19

20

2I
22

23

24

25

26

27

28

29

30

score
1

2

3

4

5

6

7

I
I

Sitting
score

Date

I
2

3

4

5

6

7

I
I

10

11

T2

13

14

15

16

t7
18

19

20

2l
22

23

24

25

26

27

28

29

30

10

11

12

13

14

15

16

L7

18

I9
20

2T

22

23

24

25

26

27

28

29

30



APPENDTX F

,JUNE MUTTTPLTCATTON TEST SCORES

FOR GRADES THREE, FOUR AND FT\rE

Range of
Scores

Grade Three

51-55

46-50

41-4s

36-40

31-35

26-30

2r-25

16-20

11-1s

6-10

>J(t
çr
c)
5
ot
()
u
Ftt

>ro()Þs'-f O
{Jã
rú CfrtO
Otr
P4 q-l

49

14

11

5

3

Grade Four
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Þ',
o
Ê
o
5tt
o
lt
tt{

.60

.17

.13

.06

.04

>J
OU>g,.1 O
1J1
rúE
-1 4)()$r
Ê4 qJ

3B

L9

T8

4

3

Grade Five

Þt
o
É
c)
átt
cl
$r

F-t

¿tr

.22

.2I

.05

.04

>tooÞÉ.r1 Q).lr 5
rü þrrt Cl
O${úc+

74

13

5

6

I
1

12

I

"73

"13

"05

"06

"01

.01

"01.02

.01



APPENDÏX G

SEPTEMBER MUT,TÏPLÏCATÏON

FOR GRADES THREE, FOUR

Range of
Scores

Grade TÏ¡ree

51-55

46-50

41-45

36-40

31-35

26-30

2L-25

16-2 0

11-15

6-10

x
o
É
o
átt
o
$J
h

TEST SCORES

A}üD FTVE

>roo
ÞÉ,t{ O
{JÞ
rú ttilq,og
F4 F'.t

L0

L8

23

T7

10

2

2

Grade Four

h
o
É
o
átt
og
h

t19

.12

.2L

.26

.20

.L2

.02

.02

>t
OU
ÞÉ-Á a)ÐÞ
fú tt
-tOog
ú ltl

19

23

17

19

6

I

Grade Five

>r
o
Ê
o
tt
og
Fr{

.22

.28

.20

.22

.07

.01

3

Þ.tooÞs,rl 0)PF
fd tt
r{ (J
O$rú f'¿

2

64

15

13

I

5

3

.03

.02

.63

.15

"13

.01

.05

.03


