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CHAPTER I
~IETRDDUCTIOF«’: STATENENT OF THE PROBLEM

Clinieal practlce offers certain asnomslles in the testing
of auditory rote memory. Bublects are often inconsistent in
levels of rote memory for diglt spans, words and sentences;
yet many clinieclans in practice evaluante rote memory in terms of
diglt span alone, )

The memory span Tor dlglts forward test has o rellability
only 1n the sixtlies., This means that a dlglt forward span test
does not measure memory epan wlth a degree of rellabllity., This
type of test also suffers from the fact that 1t does not lend
1tgell to refinements of measurement. In the Terman-Merrill
standardization, for example, an incresse in‘one digit (from 4
to 5) 1s equivalent to two and one-half years of development,

and an additional increase in one digit (from 5 to 6) is'equive-

L

alent to three years of development. Thus, 1f 2 childﬂ&ith o,
"true" memory span of five years were, on one occaslon, to
repeaﬁ one Tewer than this, and on ancther occaslion to renent
one more than this, the ¢linicisn would be forced to resnort an
incrense in nemory span from four and one-half to ten rears,
Suech changes are to be expected frequently so long ns the test
haes o relisbllity in the sixtles, -

Bernreuter 1is now undertaiking the develoymgnt of memory
span testing materisls, and 1s studylng the relisbllity of new

teatlng moterials., He concluded that a memory snon test con be

1
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constructed using two forms of a number test and two forms of
a letter iest, vhich 18 rellable énd sufficiently diéériminatory
to be used in individuzsl diagnosis,

The hypothesls is that there 18 no significant difference
between the performance of sixth grade students and Bern-
reuter's fourth grade students. The sixth grade students will
perforﬁ better on number tests and lelter tests than they will
on syllable tests., Also, the combining of number tests and
letter tests will further increase thé reliability of a
memory span test. Syllables will have-little or no effect on

the reliabllity of a2 memory span test.




CHAPTER IT
REVIES OF THER LITERATURE v

Before discussing the results of this investlipgation, one
must first look to others who were Interested in memory snan.

fen such as David Hartley and Thomas Brown were interested
in memory and contributed to the existing theories concerning
memory. Both were conceorned wlth memory o8 an associative
process, but 4did little to attempt to;maa&ure this process,

James Mills, in his Analysis of the Phenomena of the Human

Mind, published in 1829, reduced all the laws of ,asociatian to
contirulty in experience., He stated that memory in the form of
recognition 1s an idea or imnge of an ebject‘p;us awareness of
earller exnerlences,

It wag not until the late elghteen hundreds that new
meteriasls snd procedures for measurlng memory span wers @e&iaed.
In the monograph, Memory, Ebbinghaus brought to light the
results of his five years of self-study., Ebbinghaus invented
and used nonsense syllables in a study of his own memory
nrocesses. He used nonsense 8yllables - combinations of three
letters, such as rof, gulz, bap, rilk, tid. Among the nany arens
he investipated were those of meaning and rhythm, He found
that meaningless materiesl was nine tinmes as "difficult to learn
a8 meaningful, In the area of rhythm, he found that no one
type of rhythm 18 necessarily best for all individuals, because

individual differences are pgreat.
3




He also found that 1f a memory tesk is made longer its
learning time inereases. IEbbinghaus discovered that he could
recall seven or elpght nonsense syllables by reading them once,
To learn ten syllables requlred thirteen readings,., The recuired
time for each new iten and for the whole list inecreassed, but

not provortlonately, His findings aopear in the following

table,
TABLE It ‘
Ebbingheus' Findings on how the Time
For Learning Syllables Incrensses
Alth each Triasl

Length Humber Time for Average Tinme
of of Lists in per .8yllable
List Reedings Seconds in Seconds

7 1 3 A

10 13 52 5.2 Ll
12 17 32 6.8 *
16 ' 30 196 12,0

24 44 422 17.6

36 55 792 22,0

These are Just a few of the problems investiganted by
Ebblnghaus in the fleld of memory. The other aspects of remory
Investigated by him are overlearning, spaced and unspaced

learning, whole versus part methods, and the curve of forgetting.

lHerman Ebbinghaus, Memory, Trans, by Henry Ruzer and
Clara E. Bussenus, (llew %brh, 1913),




In 1871, T. L. Bolton conducted a research nroject to
mensure the memory spen for digits, Fifteen hundred subjects,
most of whom ranged in age from nine years to Tifteen yenrs,
cooperated in the study: A few of the sublects were hlgh school
students, Each sublect was plven twelve sets of tests., The
tests conslisted of a five-place, a slx-ploce, a seven-nloce and
an elght-ploce number span. Three sets of tests were nresented
orally at one sitting to the subjects. Tﬁe digits were nd-
ministered at the rate »of two numbers per five seconds of time.
After the experimenter read each number, the subject was re-
culred to give imrediate written reproduction. It was
concluded that the memory span incresses with ag?_rather than
with the growth of intelligence, as determined by the tests used
in promoting pupila from one grade to another,2 1

The answer to the question "How laerge a quantity of a;gi%@n
sort of materlal can be reproduced perfectly after one prefien-
tation?" was answered by Jacobs (1827). He devised a method
using dlglt s?an serles from three digits to twelve dliplts.
J-~obs Instructlions are similar to those used in the Stanforde-
Binet = |

"1 %111 say some numbers; when I have finished,

you are_to repeat the numbers in the same
order,"3

27, L, Bolton, "Growth of Memory in School Children,"
American Journal of Psyehology, (1371), IV, 362-330,

33, Jacobs, Ameriean Journal of Psvehology, (1923), Lv,
PP 2@5'290¢




The score in thils exveriment is the length of the list
whieh the subjlect can recall and recite perfectly after-only one
nresentation,

Jacobs, in his research, found that 1) individual methods
of groupling are used in nmemory span tests for the longer series;
2) attention span is & term which satisfactorily deseribes the
immediate reproductlon of separate descrete units; 3) a brief
inspection indleates littls'difference iﬁ test results whether
digits are presented in haphazerd or-serfal order; 4) attention
span, for most individuals, is short enough to ecause grasning
of units after the nuwber five hos been passed; 5) the attention
span ranges from 2,5 to 8, while the memory span renges Trom
6 to 3.5. .

Oberly's study dbrings out the fact that the individual
nemory span 1s not a fixed quantity, but veries from trisl to
trizl, The following graph showe that the subjecta of Obéyiy's
experiment reslted perfectly memory span lists of two digita,ﬂ
three diglits, four dliglits, and five digits, but after a span of
£ ve dipgits, the percent of those able to give perfect resnonses

declined gradually o8 the memory span lists were lengthened.?

4H, S, Oberly, American Journal of Psychology, (1923),
KXXV, ppe 295-302,




TABLE II

#

Propress of Mewory Svan Recall .

100

80
70
60
50
40
30
20
10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

>

Length of List, Diglts

An experiment was performed By Woodworth and Poffenberger,

using lists of ten dipglits to determine percentage of errors in
4

nemory (serial) learning. The lists were read aloud by the

experimenter, after whieh the group of twenty-six subjects

wrote their recollections of each list presented, The Tewest

errors oceurred in the first serial position.?

Testlng euditory memory 1s also a major part of the

Revised Stanford-Binet, as was 1% in the original Binet Scnle,

5R, 3. Woodworth and A, T, Poffenberger, Textbook of
Experimental Psychology, Mineog. ed., (New
P 71"72 .

oriz, 1020),




According to Terman, the auditory memory for diglits test do

not meaaure'pure memory because 1t 18 imposeible to i8dlate any
function for separate testing. In any test, general ability

is operative,

In the S8tanford-Binet, a digit span test first appears at
the two year-slx month level. This is a span of two digits,
Three digits are attained by the average person at the three
year level, Four digits are repeated successfully by the
average person of four years-six months and five dlglte by the
average seven year old, The additlon of .one number to the
Tive diglt span tesl on the Binet-is equal to three years of
mental development, 7

The diglt span test has been retalned in the Binet in
spite of its tendeney to arouse negativism in some c¢hildren.

It has a very good increase in the‘parcent of children pa§gim5
from one age to the next and its correlation with the camp&éite
score is ,62, |

The method of administration in the S8tanford«~Binet ls for
the examiner to say, "I am goling to say some numbers, and when
I am through, I want you to say them Just the way I do, Listen
oarefully'and get them just right.," The digits should be pro-
nounced distinetly and with perfectly uniform emphasis, at the

rate of one per seﬂonﬂ.5

OLewis ¥, Terman, ZThe MNeasurement of Intellirence
Haughton MAfflin aompany,-raambridge, ¥nss, 190 S,




Unlike the Stanford-Binet method, ¥Wechsler, in his
intelli@enaé tests, has grouped thevdigit spen tests, This
was done for two reasons, One wans becouse of the Limited
range of them when talken separately. On memory syan for dlplte
forward, = score range of only four polnts includes about
ninety percent of the adult populstion, snd about the same
percentage for diglis backwardss By combining the scores
obtainable on both into one teat measure, it was possible to
extend the test's range, as well as ‘to close wide gaps ob-
tained between éuccagaive scores when tests are used singly.

The second réaaam for greupiﬁg the tests was for the
purpoege of reducing the amount whleh sach gontributed to the
total score, It was found that the Digit Span Test with a
total seore heos o relliabllity of .51, Wechsler concluded that
8 good rote memory is of practieai value but correlsntes ﬁfgk:
l1ittle with higher levels of intelligence. 1:

In Weehsler's tests, the digit sven tests begin with o
span of three diéits and ilnereases to nine dlgits, The sube
Jeets are glven two attempts a2t success and after two
successlve fallures on one span, the testing ceases on this
item, Wechsler stated that he desired st one time to eliminnte
the diglt span tests from his tests, but for the following
reasons, they were retslined,

1. While menmory span for digits is, on the whole, a poor

mensure of intelligence, 1t is nevertheless n good one ot the




10
lower levels, Execept in cnses of sneclal defects or organic
disenned aduits who can retaln only iive digits Torward and
three backwards wlll be found, in nine cases out of ten, to be
feebleminded.

2. BSpecial difficulty with the repetlition of diglts
forward or bachkward is often of disgnostlc significanc@.T

Klugnan's study is restricted to the establishing of the
best placameﬁt of the Digits Test in the Yechsler-Bellvue
Seale. )

These are the hypotheses to be investigated: 1) The
digits test should be "given £1rst when the avplicant is
relatively free from fatigue.” 2) The best placerent may be
in the middle of the battery following a WQrminé;up period
before the effeets of fatigue are felt. 3) It may be that
the end position in the battery 15 the best one because of ﬁne
"better adjustument of the testee to the testing &ituﬂtian1:#3
the examinatlon proceeds,

Three hundred white natlve-born psycho-neurotic returnces
referred by medlical officers for W~B exonlnastion were tested,
The men were tested In random order snd no effort was made to
control the order of the other tests in the battery.

In order to determine whether the digits scores were

TDrvid Wechsler, The Meagurement of Adult Intellirence,
The giléia 8 and #ilirins Comoany, (Be.tinore, iﬂb&),
P 1335,
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affected by position in the scale, three nethod vari&t?cns
were employed. The diglts were sdministered at the beginning,
in the middle, and at the end of the battery.

There are several practlesnl remsons why an answer to thils
problem would be desirable, First, 1f nethod differences exlst
a subject would not be penalized by getiing a lower IQ acore,
Second, diagﬁsatic and clinleal procedure would glve more
certain and meaningful data, Third, caipulation of deterliorn-
tion would yleld more accurate scores, Fourth, the diglts
test eould be included or omltted from a shorter form of the
‘Hechsler-Bellvue with greater validity.

Klugman drew the followlng coneclusions from hls
investigation,

1. The mean digit results of Forward 6,05, Bachward 4238’
and Totel 10,43, are in asgreement with those found by anothef
investigator, | *

2, The order of desirabllity of position in the scnle
apvears to be Middle, Begirning, and End,

3« The Digits Backward were not affected differently from
Dlgits Forward.

4, To what extent the obtalned results are due to the
uncontrolled faoctor of what tests preceded and followed the
edministration of the Dipits sub-test 1s not bnown,

5., Tdhether these results are true only for psycho-

neurotic individusls under the given clrcuraztances or for the
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population as 2 whole, remains for future research, ngilarly,
whether the same tyve of findings exlst for other sub-tests
shall depend on results obisined frcmkather atudiea.g

R. L. Newton 4id a comparative study of two methods of
administration of the Diglt Syan Test, A comparison of two
methods of sdministration of the digit avan test of the
Weohsler-Bellvue Intelligence Scale, Form I, was made using
twenty-eight hosplinlized patlents at %ﬁg V. A, Hospital in
Aspinwal, Pennsylvania., The following results were obtn ined.

1, The piteh of the volece on the 1ast dirlt of a series
signifleantly affected the results obtained in the subject's
score, If the piteh of the volce wes lowered, ihe subject"
recelled more digits scourately.

2+ The niteh of the voiée*significantly affected the g
digits forward, but 4id not have é significant effect upoﬁ?tﬁe
digits reversed.d *

8¢anley Maldowsky and Patricla Corcoran Maldowsky con-
ducted sn experiment. to declde whether the diclt snen was an
anxlety indlcator. The experiment was designed to test the
hynothesis that anxlety will function so as to cause &
significantly greater decrement in Diglt Span scores then in

-

Voocabulary Scores,

8
Samuel F, Klugman, Journsl of Consulting ?svahology
(1940}, XII, pp, 34E-3E3, ’

PR, L. Newton, Journsl of Clinicnl Psycholory, (1950),
VI, pp. 4OQ~fl?.




Thirty-two college students acted =8 subjects. These
students nreviously tested on the Full Scele Nechsler~é§llvué
were retested with the Vocabulery and Diglt Span sub-tests,
establishing vrocedure, These sublects were oslled Control
Groups I and II, The other half of the sublects recelved the
anxiety-indueling procedure, These subjects were labeled
Experimentsl Groups I and II, ' ,

Control Group I and Experimentﬁlvagup I received Digit
Span first and Vocabulary seacnd._ Control Group II and
Experimental Group II received the opgaaite order of presen-
tation, The groups were matched according to Verbal I, 4,

The results supported this hypothesis, Th;y would tend

to reinforce the cliniclans confildence in the Diglt Span sub-

1
K]

test as belng sensltive to sltuatlional anxiety and in the, |
Vocabulary sub-test as belng relatively lmpervious to it.lo
The means of the welphted scores for both sub-tests are
presented in Table III,
Teble IV renresents the mean differences in the tests,
The mean results of the Control OGroups were comblned, 28 were

the results of the Experimentsl Groups, in Table IV,

-

103tanlay Maldowsliy end Patricia Corcoran Msldowsiy,
Journal of Consultine Psycholopy, {(1952), XVI,
-Op . 13,5 “ﬁs .




TABLE IITll

14

Test~Retest Dirferences of the Four Sub-Groups

Studied by Valdowsky

Test If O | Retest] & |Difference
Control Grouvp I |
Voecabulary 1k‘62 1,17 13.00 1,00 +4383
Digit Spen 1,75 |2.16 | 12.50 [2.64 +.75
Control Group II .
Vocabulary 12,50 | .50 | 13,25 | .33 + .75
Digit SBpan 12,13 (2,17 | 13,13 [2.28 +1.00
Experimental Group I ,
Vocabulary 11.63 | .85 13,38 | .66 +.75
Digit Span 12,13 (1,96 112,00 |2.86 ~o13
Bxperimental Group I .
Voeabulary 12,13 | W78 |12.63 | 68 + .50
Dipit Spen 12,88 2,14 110,75 [2.77 ~2013
PABLE Iv12 t
)
Mean Test - Re-~test Differences
0f CGroup 3tudied by Maldowsky
Test Controls | | Experimentals
lean o Mean o
Voeabulary +,562 G622 +,437 LT4T
Diglt Span +.375 3234 ~1,125 8.359

Llypia., ». 116,

121114,
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Hobert»@. Bernreuter, in an unpublished article onvthé
"Improvenent of Memory Tests," gave the results of the'éxpe?1~
mentation beling done with his“new menory spon test, He used
the digit s»an test; the letter span test, and the nonsense
ayllable span test: A total of 190 fourth grade children were
tested, The method of vresentation and scoring was sliniler to
that used on the Stanford-Binet. There.were two forms to the
tests ond each was given to each child in twelve different
sequences in order to control the effeﬂg'of any posasible 4iff-
erence in difficulty between the ?orms and to control the effect
of practice and f&tigué. aAn aﬁalysis of variaﬁoe wag then made
which showed that the effect of practice snd fatigue wes

negligible, It aleo showed that the forme were well
equalled.13 |

1

The results show that for the rmumber apan teat the mg%ﬁ‘
length wes 5,83, and for letters 4,89 and for nonsense ¢
syllables 3,71,

The extent to whleh the sealing of the test could be
refined can be shown by ratlos of the scoring unit to the
standerd deviation, When numbers, Form A4 were administered,
a standard deviatlion of .94 was obtalned, but when both Forms

of nunmbers were administered to the subjeets, 2 standerd

13robert @, Bernreuter, "Improvement of Memory Snon Tests,"
APA Heeting, (Senterber, 1953) Unpublished article,
De 3o
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deviation of .53 was obtalned, Letters, Form A, hed 1,12

standard deviatlon and when Form A and B were combined, .53
was obtalned, Syllebles, Form A hod a 1.47 standard deviation
and a .39 for Form A plus B, Combining Numbers and Letters
gave a .31 standard deviation while the combining of the three
tests gove o .25 standard deviation,

The lengthening of the test not only improved its dis-
criminatory value, i1t also increased theé rellabillity, This can
be shown by the reliablility coefTictents, The relisbllity of
Tunmbers Form A vs, Form B wans .59, but when they were comblned,
the rellzbility wes raised to .82; The reliabllity of Letters
alone was .51, but when combined, .68. 4 simple S8yllables test
had a rellability of 44, but the two forns togéﬂhar had a
reliability of .61, When both forms of numbers and letters
were combined, 2 relisbility coefficiemt of .57 wes obtaigq&;
The additicn'of s8yllables 4id not further ralise the reli&hiiity.

Bernrauter concluded that o memory soan test can be con=-
structed using two forms of a number test and two forms of o
letters test, which would be relliable and suffieciently dig-
eriminatory to be used in individusl diagnosis,l4

In the latest study on the Bernreuter Test, forty
children in kindergorten and nursery school were riven the test.

Twenty«slx children enrolled in a Iiindergarten, ransing In age

1AIQ1d‘, De #.
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from 5-0 to 6-0 years, and fourteen children in mirsery schnol,
from 3-8 to 5-0 were used. The mean age for the groups was
approximately 5-5 and 4«6, respectively. In spite of the
difference of almest a year, the ranges differed by only one
point, and the difference hetween the means of the two groups
wag only 2. For thls reason, the scores were combined, It
is suspected that the groups were highly selected in regard to
intellipgence. Twelve of "the subjects ?ad been given the
Stanford-Binet, and their scores varied from 115 to 140,

The kindergerten children were tested at two sapargte
times; the mursery children all in one session. The order
used was W, L, 8-~A, N, L, 5-B, The average t%me of testing
ran about ten minutes each, with about halfl the time spent in
the actual testing, and the rest in rapport bullding proc§duras.
Interruptions to dlscuss dogs, cowboy boots, ete. were fgé@uent.

S51x additional children were seen but not tested die to
negativism or interruptions. The vast najority seemed to
enjoy the "game" and tried to do well., There seems to be
evidence of fatigue or monotony on Form B, which at this age
level seems to offset any practice effect, Of the forty
children, twenty-four scored one or two points hilcher on Form
A, 8ix one point higher on B, and ten the same., There was a
tendency for the chlldren to begin to repeat the longer series

pefore the exaniner had finished,

The scores range from 16 to 31, and are feirly normally
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distributeds The N range varies from 3 to 5, L from 2 to 6,
and 8 from 1 to 5. The mean for N 1s slightly hirher than 4,
for L slightly less than 4, and almost 3 for 3,
It was possible to secure twelve Stanford-Binet IQ's and
80 to compare M., A.'s and the test scores, The velidity of
the ¥. A.'s 1is not éuaraﬂteed gince most of them were practice

tests, However, there seems to be a2 rough correlation.tb

-

1530an Fagan, Report on the Bernreuter lemory Span Test,
Spring, 1955, Unpublished study, at Pennsylvanis State
College made under direction of Robert Bernreuter,




CHAPTER III
THE PROCEDURE

In order to investigate the reliability of Bernreuter's
Memory Span Test the following procedure was used,

THE SUBJECTS. The subjects of this experiment were 114
children in the slxth grade in narochial schools of Chicaro,
ranging in age from eleven to thirteenéy,ara. Forty-elght were
boys and slixty-slx were girls¢ The mean age was 11,4 years
and & staniord deviatlion was 49, Eaéh\ehiid wag tested
individually by the experimenter, Each.éhild recelved the
Bernreuter Hemory Span Test,

THE MATERIALS. The materlals that were teo -be learned
consisted of two dlstinet and separste Torms of the Bernreuten
Memory Span Test, Form A and Form B, L

A pilot study was undertalken by Robert G. Bernreuter nnd
Pennsylvania 3tate College in 1953, At this time new te;%ing
mnatericls were developed and an attermnt was made to determine
the reliability and fineness of scallng of these new moterialsh

In the first study, letters and nonsense syllobles were
substituted for diglts. It was found that confusion was
ereated when letters ending in an "ee" sauadeere used., A

1

sequence such zs "b, p, 4, ¢, £," would often be renecated ns

]

"o, v, e, 4, ¢," even by children whose memory snsen was COn-

slderably longer than five unlts, As a consejuence all such

19




letters were omitted, The letters "I, h, &, 1, n, r, 8,
and q" were finally selected. |

The first syllables tried were the typlcal three letter
nonsense syllables consisting of two consonants and an
intervening vowel, whioh were simllar to those constructed
by Ebbinghaus, This type of syllable was found to be use-
ful in memory tests when presented visually, but they were
found to be very confusing when ppesenﬁed orally., Instead,

nonsense syllables were constructed by adding an '

'aw" sound
to the letters b, d,4f, € h,'k, m, and t, The result was
that the following syllables were formed; "baw, daw, fow, gaw,
haw, maw, and taw,” | , - |

On the basis Qf the first stuldy conducted by Bernreuter,
81X new memory span tesis were consiructed. The six new g
menory span tests were divided into two groups, These . ?.
groups were classiflied as Form A and Form B, Each i‘or'm'l
consisted of 2 tmumber span test, a‘letter span test, and a
nonsense syllable span test. The difference between Form A
and Form B does not rest on a difference ln sequence of
presentation, but aimply a difference in the spans themselves,
Por example, in Form A; in the number span test, the first
series of three digits is 385, and the firstrserieﬁ of three
digits in Form B begins with 5283,

Care was taken by Bermreuter 1ln the construction of the

test to avold starting a series with the same symbol with
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which the lmmedlately preceding serles had started or ended,
This means that sll serles which night Tollow immediétely
after the serties "F 8 4 H' could not start with elther F
or H, Care was also uﬂe&‘to avold reﬁe&tim@ pairs of
letters in the series immedistely following, Thus, after
" 8 Q H," the combinations FS,‘SQ, and QX could not be used.
Theae precentions were found necessary, according to
Bernreuter, to leep the series &ppruxi@ately ecusl in
difficulty. ‘ P
In administering the Bernreuter Mémory Span Test, the
¢hild was first glven the number span test of Form A, The
experinenter begen wlih one digit span and as{gomn a8 the
child passed a span of one length, the experimenter moved to
the next longer span, Thus, 1f he correctly repeated BBﬁf
the next svan given was 2047, If the child falled E%ﬁﬁ‘yﬁt
nessed the next span, 197, the experimenter would go ot to
2947, If the child failed 385 and falled 197, but passed
624, the experimenter went on to 2947. However, 1f the
child falled 385, 197 and 624, the experimenter storned the
administration of the mamber span test and went on to the
letter span test, This procedure was used for both Form A
ond Form B, and for each span test -~ nunmbers, letters and
nonsense syllables,

The nethod of npresentatlion and scoring was sinilar to

that used on the Stenford-Binet, Success was based on the




correct repetition of one of three trials,
The Memory 8nan Tests were ndninistered in the following
order -
¥umber Span - Form A
Letter 8pan - Form A
8yllable Span -~ Form A
As goon a8 the three sequences were conmpleted, the experi-

menter administered Form B,

Humber Span - Form B

-

Letter Epen - Form B
Syllable 8Bnan -« Form B

Both forms of each test were administered to eac¢h child in
the above sequences, The purpose of adminlstering the sequences
in this order was to control the effeet of any possible differ-
ences in difficulty between the forme and {0 control the effe?t
of nractice and fatigue. ‘ -

In the fellowing experiment, numbers will appear as N,‘
letters as L, syllables as 8, and vwhen the forms are combined,
the results will appear ns T; ep. NT would stand for Numbers,
Form A and Form B,

The following instructions were given to each subjlect
before the test began:

"This 18 to see how well you can listen, I
~am golng to say somethlng, I want you to
listen and, -when I am through, I want you to

tell me what I saild. ¥We will stert with mmbers,®

If there wes no response, the experinmenter said "You tell

ne what I said."
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The sublect wes encouraged to try, 1T necessary. Only the
single letters, numbers, and syllables could be repeatéd; the
longer series could not. The letters, numbers, or syllables
were read at the rate of one per second. VWhen the sublect
tried and vassed, the first series on the next higher level
was given. A success was considered if only one of the serles
of three was passed, If the subject passed the first series of
the total series, the examlner immediataiy went to the next
hicher series, ¥When the subject triéd, and failed, the next
series of the same level was gilven, Thig was continued until
there had been three consecutive failures In o level,

Eech subject was exanined in a small room in the school,

P
The room was set away from the school e¢lassrooms., Each child
was seated in an arm chalr with a table in front of him, The
examiner was seated directly across from the subject. ;?f'

The lighting was florescent, The nolse was at o *
ninimum, In order to control fatlipue, ench chlld was tested in
the morning, It was ilmpossible to control the tone of the
examiner's volce when each test was adrministered, but he spoke
in normai conversation pltch, It was a2lso impossible to cone
trol the possibility of a heering defect or loss in the

-

subjects,




CHAPTER IV
ANALYSIS OF RESULTB AND DISCUSSION

Each subject's successes and fallures were exsmined care-
fully and the tetél score for each subject was obitained for
each test of both forms, These results will be discussed In
relation to a) the frequency responses on the different snans;
b) the differences in means for the varipus tests; ¢) the
ranges of spans; d) the extent to which the test can be refined;
e) its diseriminatory volue and reliability;.f) whether the
three types of taslks utilize three kinds ;f nemory.

In Appendix I, the frequency of responses for the letters,
numbers, and syllables span tests are shown. The resulis repro-
sented by this appendix indicote the highest successes obtained
by subleets bhefore tlhiree consecutive fallures, }

It should be noted that in Appendix I, the scoresn for both
forms clustered cround the flve and six letter spans, On‘Form
B there was & slight improvement In length of span repeated over
Form A. Eleven boys repeated the slx letter span test perfectly
in Form A, whereas fourteen repeated 1t nerfectly in Form B,

The same percentage increase happened for the seven letter span
test, Thls increase could possibly be due to practlice and
foamiliority with the letters, But before any definite concliu~
glon could be made, Turther investigatlion would be‘nee&eﬁ to

determine the reason for the inerense from Form A to Form B,

0.!;,

Fom
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From the results in Appendix I, it should be noted that
performanée changed very little, ‘The only notable cégmge was
in the inerease of sublec¢ts basing at the four letter span
length in Form B.

The boys' results on the numbers test indlcate little or
no imprOVemeu£ from Form A to Form B, For four subjects there
was regression to a lower span level,, For one subjeet, there
was an lncresse in span length,

The girls! results on the nuﬁberé teat are rather interest-
Inge In Form.é, the results were more-scattered from the mean,
and span length was higher, But in Form B, the subjects' scores
eclustered nmore around the mean of 6,46, In Forn A, four sub-
Jeots obtained scores of nine and fourteen sé&fes of five, but
in Form B, six of the subjects that obtained a score of five
moved closer to the mean as did the four individuals tﬁ@§1:
gscored nine on Form A. *

The s8yllable span tests were the only ones in which there
was a marked regression in span length. The boy that scored
seven on Form A recelved o score of five on Form B,

The regression for the zlrls on the syllables span test
was not quite so notlceable as tlie boys, but there was still
regression, The glrls tended to cluster more closely around
the mean than the boys. But the deviation between the two
groups was ninute,

The mean memory span length Tor the 114 subjects on each
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test are ghown in Table V. As ean be seen, the mean length of
memory span when mumbers were used wgs anproximately six for
both forms, separately and comblned., When letters were used,
the mean lengih wes advroximetely five; and, when syllables
were used, the mean length was approximately four,

The mean length of nmenory span for mimbers and letters
combined was approximately six, but when syllebles were added
the spesn length dropped to approximately five.

Without further investigation, 1t would be inadvisable to
reverse the test items ln the administration of the Bernreuter
Test. There would perhaps be nﬂed to lnvestlpgate other factors
whiech might be operating when a shift in presentatlion of
materials occurs; orientation which involves presenting what
appears to be more diffloult items before presenting those
which are apparently simple mayfha;e b@a?ing on the auoce%aﬁbr,
irnversely, lack of success with the test ltens, Thereferq,:
it would be unwlse to draw any conclusion or defend any vosition
concerning the reversal of test ltems wilithout Turther investli~
gation,

The renges of span for numberse are 4~9, letters 3-8, and
s3yllables 2«7, Thls indleates that numbers are easler to
repeat than letters or ayllebles, and thet letters are easler

t0o repeat than syllables,




TABLE V

Heane and Standsard Devistlon for

Numbers, Letters, and Nonsense Syllobles

]

Test Means o Means &
Span Form A Form A Form A + B Form A + B
N Gl L.17 6438 1.17
L Sa 4l «93 Sedtl 93
8 3.91 .98 3484 .38
K + L 549 5487 1,15
N+La+8| 524 ' 519 1.38

The above table presents tﬁe standard deviations of the
distributlcns of Form A and Form A plus Form B. Table V shows
thet & change of one diglt in the Form A numbers equals 1,17
standard deviations. Thls, of course, is very coarse scéaling.
When the forms are comblned, thé stendard deviation did not
change at all. The same held true for letters when coﬁ%ined.
As shown, o change of one letter in Form A equalled .93 stan-
dard deviation wlth no change in standard deviatlon when tests
were combined, On the Form A Syllables, a change of one
sylleble equals ,93 standard deviation. However, the situatlon
changed sllghtly when the syllable tests were combined, showing
that the change of one syllableAequalled » 58 standard deviation,

The above results indleated that Form A and D of the
mimber tests were comparable, The same could be sald of the

letters and syllables,
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When the mumber snd letter tests were combined, the
standard deviation was 1,15, indiéating that the gréﬁp was not
a8 homeogenous as Bernreuter's group. When he combined the
two tests, the standard deviéticn we.8 .31,1 indieating n
rather homeogenous group., This held true when the three tests
were conmbined,

The lengthening of the test inecreased the relinbility of
the test, This is shown in Table VI,

Reliabillty Coefflclents of Parallel Forms

Test Span Porm A Form A
VB plus
Form B Porm B
N n58 s u73
L ; A7 | .63
38 S +58
N+ L JT1 83
¥+La+ 8 , 59 33

~a

The relliablility of 2 single form of the numbers test was
found to be .53, This 1s about what i8 generally reported in
the literature, The digit span test in the Wechsler-Bellvue
Intelligence Secale for Adulits has a rellabllity of .51,

When Form A and Form B of the mumber sbhan test were

combined, the reliablility for Parallel Forms uslng the

1Berﬂreuter, ops clt., Do 3.




29
Spearman~Brown Formula wes increased to .73, When letters were
added to rumbers, the reliabllity for Parallel Forma'ﬁas
roiged to .83, The adding of syllables to the other two tests
d1d not further increase the relisbility. It decreansed
8lightly.

The fact that series of letlters are easier to repeat thon
are series of syllables, and thal series of numbers are sitill
easier to repeat, raises the question'of whether the three
types of tests utllize three ﬂifférent Zinds of nmemory, Inter-
correlations sive only a partia} answel to this question,

The correlationa vary from .63 to .79. ¥When letters,

Form A and B were correlated wlth sylliables, Fgrm A and B, the
correlation obtained was .5§; This wos somewéaz'differ@mt than
the results obitalined in = préviqns study. The lowest car?elaa
tion obtained weos between numbera end syllsbles, The ;?ﬁ
correlation between nmumbers and letiers was .79, Indicating
that letters and mumbers, beéides inereasling the rellabllity

of the test, prrobadbly are neasuring a common element, From
the results 1t can be stated thot 1t 1s uncertain wvhether the
syllables test Involves some additional factors.

When the new correlatlons were corrected for attenuatlon,
the results oblained gave further Indicetiord thaet numbers and
letters measure o common element and that syllables do not.

The above results Indicate this clearly. VWhen lNunbers,

Form A and B were conbined to Letters, Form A and B, the
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correlation wng ,79., ¥When these new correlations were corrected
for attenuation, the relisbility w@s inereased to .95; When-
ever numbers were combined to syllables and lebtters comblined
to syllables, the relliability was ralised to 74 and 75
respectively, This indlicates that these forms are not as
relinble 28 the combinling of rnumbers and letters and do not

neasure a common element,




CHAPTER V
SUMMARY AKD CONCLUSION

The only tyne of nemory span test 1In which there hns been
much research is the number snan test., Binet renorted that
children of ten years should hove a span of six diglts, The
results obtained confTirmed this, since a mean of 6,38 was
obtained, The average for the 114 su&jects wes 1l.4 vears,
which would indlcate a mémory spen of #llishtly nbove six
digits; this was arrived at by uainﬁ t@e Térmanpmerrill_method
of stendardization on the ﬁtaniard~Biné£. In thelr standard-
lzation, the rewnetition of gix diglis is characteristic of
the ten year old child, . ,

Little or no researcﬂ hes been done concerning letter or
gyllable span tests, Fronm Indications, 1t seems that '

H

individuals of eleven years repeact one less letter than%
3
nunber and two less nonsense syllables than nunbers,

Looking at the span ranges, it would indlente that
munbers are easlier to repeat then letters, and letters easier
than syllables, But to state thot an individual has a2 mean
menmory span lenpth of 6,33, 5.41, or 3.34 and 2 range length
from four to nine, 18 meaningless and useless unless reference
is mede to the type of material utilized.

Adding syllables to letters and numbers seems somewhnt
polntless since there is no increase in the reliabllity to any

slenificent extent. For this resson, it would seen that to
31




delete the syllable test in the cqnst?uction of new nemory
apan materisl would be advisable. '

One nmoy wonder why an annlysis of variance was not under-
taken to deteraine what effect practlce and fatigue hed on
the subjecta., This was undertalzen 1In three previous studles
with the Bernreuter Memory Span Test and the results indicote
that the effeot of practlce and faltligue were negliglble, This
could be-unﬁerstandable~aince the tas@ is administered in
under ten minutes and the subjecté never repeat the same
material, -

The final analysis of the test results and introsnectilons
surpest three speecifice changes in the lettarlgpan tests,

The first change ia the elimination of the letter "K."
Forty percent of the subjects, at one time or other, re@qate&
this letter as "A." VWhen this wes first noticed, the *1 
experimentenr toék éxtra precautions in emunclating thi¢ letter,
It made 1little dlfference since the letter "X" was still
reneated as "A." o

Another inprovenent in the letter snan tests is the
elinination of "Q." It seems that the youngaters tested hod
been drilled in thelr reading classes that "Q" never is alone,
"U" alwaye follows it. This error was repeéted by twenty=
seven percent of the subleets, For exanple, in thls snan,
LEBPFQEK, 1t would be repeated ngs LU 8 F § U K, -

Another freguent error repeated by many sublects was the
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substitutlon of "E" for "N.," This 1s due to the marked
ginmllarlty in their sounds, '

If a2 letter span test is to be formed with these
eliminstions, new letiers are to be found, An example of
such a span might be ¥, H, L, B, 5, T, and ¥, This would
eliminate letters ending in =n "E" sound., The only excention
to this would be "T," but this letter .is rarely misunderstood,
It would slamo eliminﬁte vowels and letters sounding similar to
other letters. ‘

This experiment was conducted 1n order to investignte
methods of improving memory svan tests.

Three tests containing two forms of a num?er snan test, o
letter apan test, and a nonsense syllable tesé were vpresented
once to 114 sixth grade subjects individually, The recal% of
the items was required to be made in the oripginal order;.;ﬁll
errors were recorded on the prepared blanks,. *

The general concluslons are as follows:

l. Hemory span length varies with the type of materiel
used,

2, It was found feaslble to construct new testsz sub~
stituting letters for numbers. The attempt to use nonsense
syllables seems not to be very satisfactory.”

3. It also could be concluded that a memory apeon test
éqdm\ %QE@ M\z‘x@&ﬁo

4 L )
forms of a letter test., These would be sufficilentiy »eliable.

could be construeted using two forms of a n

UNA‘V;R‘::,I Iy
"@ﬂ:&i—
—ry -
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tory to be used in indivi luﬂl

v

and sufficiently dlscrimina
diagnosle of memory s»nom,.
4, It becomes avparent thnat some corrections would be
advisable in the letter span test, Eliminnatlon of "X, qQ, and
¥" 1s one possibility,
5. It seems that further worlz is needed to determine
whether the agyllables test involves some addltional factor not

yet recognized,

6. It becones evident that tﬂe interpretotion by
clinlelons based on a single form of a“~diglts forwerd nenery
span test l1g not Justifled,

Te Flonlly, 1t is anparent that further i nvestiration

,

concerning o shift in method of presentation 1s advisable,

This is needed 1in order to discover what foctors are involved

7
i

when supposedly more difficult materisls (sgl"«w“os) n3e,

vregsented Tirst end simple materlials followlng in presemtation.
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APFENDIX I

Frequency of Span Length on the

Letter, Number, and S

yil

able

Span Tests, Form A 2nd Form B
Obtalined by Boys and Girls

SPAI LIVEL
2 3 4 5 6 7 8 9
Letteors,
Form A -

- Boys. 0 0 S 23 11 4 1 0
Girls 0 0 6 32 18 3 2 0
Letters, )

Form B

Boys 0 1 6 20 14 7 0 0
Girls 0 0 8 33 15 5 1 0
Numbers,

Form A

Boys o 0 3 11 18 3 7 1
Girls 5 0 1 14 22 14 11 4,
Numbers, .
Form B .
Boys 0 0 6 9 16 7 7 2
Girls 0 0 1 8 26 21 10 0
Syllables,

Form A :

Boys 0 13 29 5 0 1 0 0
Girls 1 13 42 10 0 0 0 0
Syllables,

Form B

Boys 0 20 23 5 0 0 0 0
Girls 0 20 38 7 1 0 0 0
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APPENDIX II

Bernreuter Memory Span Test
Letters; Form A
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NB Grade o ¢ o ¢ s o o 4 s o o »
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LT
HT Age.;........‘...
87

39}{..‘_.“..-;---".
AT ; '
Eg Order of presentation ., . . .

Examiner « o o o o o« 2 s o »
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LBEBT SCOreoquIao‘uoooo
LNT
~ Remarks!
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APPENDIX III.

Bernreuter Memory 8pan Test
Numbers, Form A

La ﬁﬁm@nnco:t0-ong-o
LB
SGhOGloo«t;ocauo-w
HA
E‘IB GT&‘Q@"“""..‘.
SA Blrth%t@ L L N
EB
. Dﬁten.:ontitpcghca
LT ol
NT AC® « 4 o ¢ % 4 4 s 6 v s e s
ST
Sex¢.‘-..o.-....'...
AT -
Bg Order of presentation . . . .
Examin@!‘.'...af..‘.
LBNBT SCCﬂ‘@-.cus;a.....
LNT

Remaris:?




HAW
BAYW
¥

GAY
DAW
TAH

HAYW
DAY
MAW

EAW
FAW
TAA
HAW
Ay
Tad

AW
DAA
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BAW
DAY
TANW

GAW
KAW
rAW
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AW
GAW
HAW
BAH

FAY
NAY
BAY

BAW
KAY
GAY

BAW
MAW
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GAW
TAH
FAY

TAW
GAY
FAW

DAY 1
MAW
DAW

KA
HAW
BAW

FAW
QAW
BAY

BAW
TAY

GAY MA

FAW
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TA
HAW
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MAW
KAY
DAY
PAW
KAW
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FAY
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RAY
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APPENDIX IV

Bernreuter Memory Span Test
3yllables, Form A

LA H&me..(...».
LB
3chool . N
IoF
B Grade o o o o 6 s ¢ o v s
S&b& Bil"thda.t@ * . . » * e * » .
BB .
Bﬂ.tﬁq * % .4 % = &
- LT
}t‘ A@@o‘hont.oo---
a7 .
GAH 5&}‘:.‘.»0'.-10:.-
DAY AT :
HAW BT Order of presentation . .
T
A BAW Examiner + o ».8 o.
GAY BAY LANAT
G’!&?{ DA'W LE;;BT 3601"9 * . 13 tl -! . . & & .
LET
BAW MAYW GAW Remarks:
TAW AW BAW .
TAW DAW HAW
HAW FAW GAW AW ’
BAW TAY TAYW GAW A
BAW HAW GAW ¥AYW
BAW NAW DAW HAW FAW
FAW AW TAW DAW BAY
GAYW HAY KAYW DAY TAY
AW TAYW AW GAW BAY DAY
FAW TAW HAY DAY AW FAW
HAY AW P84 DAY GAYW TAW
FAWF TAW DAW BAYW MAW TAW ZTAW
HAW BAY PAW MAW DAW BAYW GAY "
EAW DAY BAW HAY TAY VAW

7o




LEKFPQHRK
SLRQNFK

NHLKRFQB
QEHFSRNL
RPHSLAK

KNLFHSRQL
SRIKHLQFE
HEFRNSLQF

RENSHQFLNK
SNHKRFQLRH
QFHSKNRLSF
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APPENDIX V

Bernreuter Memory Span Test

LA
LB

A
KB

SA
SB

LT
NT
8T

AT
BT
T

LANAT
LENBT
LNT

Letters, Fornm B

Name o« « o ¢« ¢ o o o o o o &
Bchool o o o o« o o 5 o 5.5 o
Grade o o 5 5 o o 2 o 2 o »
Blrthdate « o ¢« o 2 « o 0. »
Date o v « o o » ¢ o 6. 0. 0.9
Aé@.‘“c I L T T S
BEX 4 % 6. o 5. 2.5 s 5.2 s e.0
Order of nresentation . . . .
EXaminer o ¢« o o o 4 o s.0 o

o+

SCOT® 4 6 o s ¢« 2 6 » 4.5 o.a

Romaris
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APPENDIX VI

Bernreuter Memory Spen Test
Humbers, Form B
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LB
School . S 8 & 8 e % & 5 2 e @
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5B ‘
Date LI N S RN 2 T I D Y T S
LT
N7 ATE o 4 & o & o € o 5 s o & o
57 v .
Sex ., LI e T I S I )
AT . '
BT Order of presentation . . . .
T
EXemine? o o ¢ ¢« o o o o » s «
LANAT _
LBNBT Seore o v ¢ . T . R A T
LN

Remarks:




TAW
AW
RAW

BAW
¥

HAW

e
FAY
MAY

KAW
PAY
BAW

TAH
KAW
BAW

HAW
DA
MAW

BAW
KAW
g

AT
TAW
GAH

DAY
HAY
Fiyf{

BAW
FAY
HAW

FAW
BAW
FAY

BAY
KAY
HAW

DAY
TAW
DAY

FAW
HAY
AW

BAY

EA N %Y
FRAA

HAYW

DAY
GAY
VA

GAW
FAY
BTN

FAR
GAY

el
fbA 14

HAYW
GAYW
MAH

HAW
DAW
TAW

GAW
BAW
GAA

KAW
TAYW

KAW

GAA
BAW
DAY

MAYW
TAW
DAY

TARN
AW
HAY

GAA
DAY
TAW

GAY
XAY
FAY

BAW
HAW
AW

BAA
GAW
DAY

HAW
BAW
BAW

AW
HAYW
KNY

FAW
HAW
DAY

Tlﬁz.' j
3? 3"}. ‘:5
HAW

HAW
TAW

ZAAH

Bernreuter Memory
Syllables, Form

GAW
VAW
TAW

FAW
GA
L

FAY
BAY

MAW

BAY
GAY
KA

A¥. 1.7
a4
RS
e Tnf
mtu‘.ﬂ'ﬁ\- EE)
¥
1

B:'yﬂ
xAA
DAY
GAW

KAW
FA}
TA

GAH
MAW
TAH

KAN
DAY
TAW

E’Q’i’fg
TAW
A

Qﬂ!’-‘;ﬂ;
PAH
TA™N

APPENDIZ VII
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