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5. The results of the experiment indicate beyond doubt

removed.

‘ 6..If apparent movement vision be understood as con-
stituting a type of neural fusion and interaction within th
visual system, as it presumably must be, one may concl de
that th'e present observations offer proof :)f the occurrent‘u (;
neural 1’ntera_ction and fusion below the level of the corte:(e °

7. The significance of the present data for the gene.ral
theory of apparent movement vision lies in the demonstration

Of t]le P}]eﬂo"lenoﬂ as a fullctlo“ Of the sub ort1 T €
C Cal eﬂ X

(Manuscript received November 21, 1939)
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AN EXPERIMENTAIL INVESTIGATION OF
MEMORY SPAN

BY ROY BRENER

University of Chicago*

The present study is concerned with the relative constancy
of the memory span. In the literature there is no definite
cvidence as to whether memory span is general or specific,
1.2., whether the span of an individual remains constant rela-
tive to that of the other members of the group in spite of the
variations due to the influence of other factors. In this in-
vestigation two factors were varied at different times, namely,
the type of material and the sensory avenue of presentation.
I'he object was to investigate the constancy of the individual
n relation to the group under these two conditions.

At the same time the data also yield information on the
absolute constancy of the memory span.  In the earlier litera-
ture the general belief was that there was a constant absolute
size of memory span, t.e., that the size of the span did not
vary with the material presented. Blankenship (1), in a
recent summary of the literature, presents evidence to prove
that the absolute size of the span varies from material to
material. The present study lends further evidence to this
latter conclusion. It may be noted in passing that should
there be an absolute constancy, that is, should the size of the
memory span be independent of the type of material then the
question of relative constancy would be automatically solved,
and memory span would of nccessity be general rather than
SpuCiﬂC.

*PLAN oF THE ICXPERIMENT
Materials and Method of Recall

Tests were constructed with ten different kinds of material. The materials are
li.ted below with explanations as to the procedure followed in constructing the tests.

* The writer wishes to express his appreciation to Dr. 1. A. Carr, Dr. 1. A. Kings-
lury, and Dr. L. L. Thurstone for their guidance and assistance during the course of
this study. He also wishes to thank Mr. Ledyard R. Tucker for his suggestions of
procedure in the factorial analysis on which the latter part of the study is based.
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However, in order to clarify the procedure and the general set-up of the experiment
a few words of explanation are given on the terminology used to describe the tests,
Each test was composed of a variable number of units. In the digit test, for example,
each digit was a unit; in the sentence test each sentence was a unit, etc. The units
were organized into series of varying lengths. In some tests the minimum length of
a series was one unit; in some tests the maximum length was thirteen units, The
presentation of a series to the subject constituted a trial. In all the tests except two
each unit was typed on a separate 3" X §” card. 1In the two remaining tests 37 X 5"
cards were also used. However, in one of the tests, the test of Geometrical Designs,
each unit was drawn on a card rather than typewritten. In the other test, the test of
Colors, each unit was pasted on a separate card.

Digits.—In the digit test, as already indicated, each digit was a unit. Ten series
of four units were constructed, ten series of five units, ten series of six units, etc., up
to and including ten series of thirteen units. In all other tests, likewise, ten series
were constructed for each unit length, In constructing the various series for the digits
the usual precautions were observed. An attempt was made to avoid common asso-
ciations such as historical dates, the current year, etc. No digit was placed next to
one immediately following or preceding it in the usual order of counting; ¢.g., the
number seven was never placed after six or eight. No digit was repeated in any one
series except where there were more than nine units to the series. The method of
recall of the series of digits was oral reproduction.  This method of recall was used
for all of the tests except the test of Memory for Commissions. At the conclusion of
cach series the subject was supposed to repeat the digits in the order of their appearance
in the series.

Nonsense Syllables—Each syllable constituted a unit. Series for this
test varied in length from one to six units inclusive. All of the nonsense syllables used
in this test were chosen from Glaze’s (3) list of syllables having associational values
ranging from 4o percent to §3.33 percent.  In reproducing any given series the subject
was instructed to spell out the three letters of each nonsense syllable rather than to
pronounce the syllable.

Consonants.—Each consonant constituted 2 unit. The series varied in length
from four to thirteen units inclusive, In constructing the series the same general rule
was followed as for digits, with the additional consideration that no series contained
the same unit twice. Likewise, in recall the procedure was the same as for digits.

Geomerrical Designs.~The following figures or designs were used: oval, triangle,
square, spade, heart, diamond, trapezoid, circle and semi-circle. Each design con-
stituted a unit. The series varied in length from four to nine units inclusive. The
designs were drawn in India ink on 3" X §"” cards. Al of the designs were made as
nearly equivalent in area as possible. The area per design was approximately one-half
square inch. In recalling any series the subject was supposed to repeat the names of
the designs in their proper order. . .

Colors—The following colors were used: red, orange, yellow, green, blue, white,
purple, black and gray. Strips of color one-fourth by one inch were cut from sheets
of paper ordinarily used in color vision experiments. Fach strip was pasted on a card
3" X 5" to constitute a unit. The series varied in length from four to ten uaits

inclusive. Again, the subject reproduced orally the names of the colors in the order
of their appearance.

Concrete Iords~—FEach unit was a four letter concrete noun, ¢.8., goat, hand, doll,
etc. The series varied in length from four to ten unjts inclusive. Special care was
taken to avoid alphabetical arrangement of the units and obvious associations such as
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hand, foot, etc. At the conclusion of a serics the subject repeated the words in the
> 3 -
ortder of their appearance. o
Paired Associates—The unit was a combination of a three letter concrete ngun
nd a two digit number, e.g., boy-31. The series varied in length from two to five
an! 8. ; o 10 five
units inclusive. In recall the subject had to repeat orally the noun and its co
i itin i r order.
sponding number, each unit in its prope ] )
' ib.rglmrt Wor,d:.—-’l‘he unit consisted of a five, six, or seven letter. abstract ;Oun
of one or two syllables. In constructing the series for the test the umtsgveref&; ose
. i i mber of letters
i i length contained exactly the same nu r
so that every series of a given unit mber of erters
For example, each of the ten serie
and the same number of syllables. ¢ of & u
lenyth contained eight syllables and twenty-four letters; each.senea of ﬁ'velunltd’ile;nrim
contained nine syllables and thirty-two letters, etc. The series variéd in fenbC  from
four to nine units inclusive. The procedure in recall was the same as for co
words. ) ] N ] N
Memory for Commissions.~—The unit in this test consisted of a sm,l,ple com‘rlnan.
i i er is:
An example of such a unit is the following: “Put a circle Le;ro.um‘i A.h A’lnﬁi o
' 5 i five or six words in length.
“[Put a comma below B.” Each unit was » e jeries
its 1 i the miethod o
ied 1 ts inclusive. As mentioned above
varied in length from one to five uni ! i
recall in this test differed from the others. lustead of repeating the commission (j{:;\ iz\
the subject performed the task on a card placed before him for that purpos:‘.. 0
.. . for of i
the other tests, however, each commission was to be performed in the order
appearance in the series. . . .
" Simple Sentences.~In this test a simple declarative sentence C?Mtflmtt:d-:i::;‘c
: 1 i in eight syllables. An example of a unt
Each sentence consisted of six words in eig! lables . ple of 2 unit s the
i i wd.” The series varied in leng
following: “Mary waved to the cheering cro d . from
one to five upits inclusive. In recalling each series the sub]ect.was to repeat each s
i.z,, each sentence, verbatim and in its proper ordclr in th; ser‘;cs.bove here were also
i iti¢ ten visual tests listed al )
Auditory Tests.—In addition to the were ahe
i ts, concrete words and abstract words.
three auditory tests—tests for consonants, ! ] b
i i tructing the visua
ting these tests as in cons
same procedure was followed in construc s : risual
tests fx:)r the same materials. In fact, the tests were identical except fo(;‘ afrearr“ 5“
. . - c
nient of the units in the various series. As in the visual tests the method of recal

oral reproduction.

Method of Presentation

In the visual presentation of the test material to the subject lheblfollowm% ptr;:
. i j e
ment: the subject sat at a table opposi
cedure was adopted throughout the experir A o ' c
i i en. e cards con

i den from view by a black cloth scre

experimenter who was hid : e e mosran
ini i i hown to the subject through an exp
taining the units of material were s sul P
ds. This rate of exposure, two

at the rate of one card every two secon . > uds per
unit, was maintained throughout the experiment. Since the cards were fedl;ntimmg

, i i sure as accura

d, a special device was set up to as
exposure apparatus by hand, up e ey
i i trolled metronome clicking at
as possible.  An electrically con ne : rate of once cvery
i d box. The sound of the metrol
two seconds was enclosed in a soun ud of ! s o
ducted to the experimenter by a set of ear-phones. 'I'he actual ex‘p.cnm;*utdwas v
ici 1 i n
begun until the experimenter had had sufficient practice in synchronizing the dropping
¢35 .
of the card with the clicking of the mctmnmlne. biect was told how many units the
i ies the subject wal

Before the presentation of any series the st t : : e
series contained. He was also given a warning signal approximately one s;cox:: b fore
§ . i e
the presentation of the first unit of the series. In order to make sure that
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exposure time was allowed for the last unit of a series as for the others the subject was
told not to repeat the series to the experimenter until the appearance of a blank card
after the last unit of the series. For example, if a series consisted of five units, each
unit being visible for two seconds, the fifth card was followed by a blank card at an
interval of two seconds. Immediately on the appearance of the blank card the subject
repeated the entire series. It was further emphasized in the instructions to the subject
that in those cases where he could not repeat the entire series he was to give as much
of it as possible in proper order, indicating the omitted units by saying the word
‘Blank.’

The order in which the tests were presented to the subject is the order in which
they are listed above. The same order was used for all subjects so that practice effect
would be as nearly constant as possible.

In the digit test, which was the first, the subject was given ten series of six units

each. If he got all ten series correct, he was then given ten series of seven units length,
If, however, he failed in any of the series of six units length, he was given ten series of
five units length, etc., in descending order until the point was reached where all ten
series of a given unit length were repeated correctly. The unit length at which all
the ten series were given correctly is referred to as the ‘basal level,” After the basal
level had been established, the subject was then given ten series of each unit length for
which he had not yet been tested until the point was reached where he failed all ten
trials of a given unit length. An example is herewith given of the order of presentation
of the series to Subject B in the digit test. Subject B was given the ten series with
8ix units per series and repeated six of the ten series correctly. He was then given the
ten series of five units and responded correctly on eight. Next followed the ten series
of four units, on which he repeated all the series correctly. ‘The series of four units
length constituted the basal for Subject B. Next followed ten trials of seven units
length, four of which were given correctly. Three of the series of eight units length
were correct, one of the series of nine unijts length was correct, and none of the series of
ten units length were correct. ‘This concluded the digit test for Subject B.

The same general procedure was followed for all of the visual tests, except the
test of memory for commissions. The administration of the auditory tests differed
from the visual only in that the material was read by the experimenter. But the rate
of presentation, the number of series, the number of units per serics, and the mode of
response were the same for the auditory and visual tests.

As already mentioned, the only noteworthy deviation from the above procedure
was in the test of memory for commissions, Accordingly, the procedure for this test
is herewith outlined. A card was placed before the subject on which were printed in
ink certain symbols, ¢.g., the letters A and B or the digits two and three, or combina-
tions of letters and digits. A pencil was placed before the subject along with the card.
The subject was then told to attend to the exposure apparatus, and after the usual
warning signal, the units of each series, that js, the commissions or the commands,
were presented exactly ae were the units of every other test. Upon the appearance of
the blank card which indicated the close of the series, the subject picked up the pencil
and performed the operations on the symbols on the card before him. As in the other
tests, there were ten series for each unit length.

The length of time for the completion of a test varied from test to test and from
individual to individual. Those tests in which the units were complex, such as the
test of Sentences and the test of Memory for Commissions, took a relatively short
time, since the subjects failed on all ten series where only three or four units were
involved. Those tests in which the unjts were less complex, such as the test for Digits
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and the tests for Consonants, took a longer time. Li.kewise, sub'jects who did the best
ook the longest time. With practically all the subjects the thirteen u;sts fwcrc ;otrln;
pleted in four or five sessions of about one houf each. Iu‘ tl.le casg of a c;v od :I
highest scoring subjects a sixth session was requnred.. No hm.xtatlons were p acc} 'o]|
the number of days between sessions, but for each s'ub?ect the time of day dfxrmg w th f
the experiment was conducted was held cons»lant within a few .hours. .In x;lu c?scs we;c
subjects tested at one time early in the morning and the next time lat.e inthea ten(;oot.

In the final experiment forty subjects were used. All of the subjects were students
of the University of Chicago.

Method of Scoring

Guilford and Dallenbach (4) list twenty-seven m.ethodfx of scori'ng tests of mer:]c.yrjr
span. It i8 obvious that the choice of a method is arbitrary. 'I'he. chature \l:l u;
determines whether a method is good or not is the degree to which it is capable o

istinguishi en subjects. )

‘hsml)iutl:le]:fc?:r::v:tudy tl:e following procedure was used. A series wa{)s. scor(?d Eltl}fex;
right or wrong. Every unit of a series had to be repeated b'y the su ]E(f.t‘ ver ? in
and in the order in which it was presented in order to carn credit. Ax:ny deviation ruu;
the above made the series wrong. One-tenth of a point (:l') was given for; correc
series.  No credit was given for a wrong scries.  As an initial ss:or?, thF su jclc: wals
given the number of points corresponding to the number ?f umu.u.l .hxls }?asa ;efve,:
‘if a subject had a basal level of four in a given test, .he.v\{a.s given an initial score of .[0;;
points. One-tenth of a point (1) was added o the initial score for.evfcry ;orrcc. -
sponse thereafter. The sum total of the initial sc.orc’p!us the credit for v e! cox;rcc“
responses above the basal level constituted the sfxbjcct s score for th;)t. p.ar'tlicutar .

Below is given the score of Subject 13, mentioned above, in the Digit Test.

Unite per Series Number of Trials Nutber Correct Score _
4 10 10 43
5 10 8 8
6 10 6
7 10 4 -4
8 10 3 ;:
10 I
1(9) 10 o o
. 6.2
Total Score. .. ...

Scores for each subject in all thirteen tests were obtained in the same way. v

As stated above, series were scored tilhe!: right or wrong. No cred}t was gn.ﬂi
for partially correct responses. However, in view of.the fac.t that theh.um;d: wc}ie,::v
structed to repeat as many units as they could in a given series cven t ough Llcy ;cc[
part of the series was wrong, it was felt that a score based on credit for ;)al;ltxal ylcor oot
responses might yield some interesting resul'ts. {\ccordmgly, .four of the tests ws ;
scored in this additional way with credit being given fm-' pamally.corrcctircspon;: .
The four tests thus scored were Nonsense Syllables, Paired Associates, Memory for

O issi es.

L"ml':‘s:}']‘:“:;;“:f51:12;:2:“ Syllables each syllable cunl.::incd three letters. By t.l!lu:
second method of scoring the subject was given one point for eac'h lette.r corrchSiy
repeated.  In a series of two units the subject could make a maximum score of six
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points. If one letter in such i i
i ) & series were missed, the subj i
e i ] : , ubject was given a score
f},c su,b .cctso letters were missed, four points, etc. It should be noted that notOfllﬁv?
the su :cries w;:rfe teuten? on the same number of series. Some of the subjects ne
o series so ?ur-:m:;ength and were not tested on the series of five ]unit l:"ut;d
coring by the secoud method it was | ’ o be
" ° . as important that onl i
i s at only thos
i ude.d in which every subject had been tested. The same pry i s
in scoring the other three tests. precaution wmas followed
In the v i i i
e phthe ;:- ;)f P:xred Afuocll:ten cach unit gave a maximum score of two points
anc one for the number accompanying i he
one for the e ¢ r panying it. For example, if
oo :ml')toy 311, the sub]?ct said, ‘boy-32’ or ‘man-31,” he was given only}:m,e f_OF tfhc
> unit. In a two-unit series the maximum score was four points: i oo it
series SIX points, ete. pointss In & thiee-unic
In the test of Memo issi
ry for Commissions each unit i i
" he te omm 1t was given a maximum
mrez pgxlr;ts -one for each operation involved in the unit. For example, in t;‘h‘c o
an j . )
Da “,ma tﬁt a comma under A,” the subject had three operations to b’car inenc?lg
Ore It: use of the c?rrect.opentiona] symbol. The subject could have ";‘ .
'r.x or afp ;xs sign or a minus sign instead of a comma. He also had to reme: l;‘“ ha
f}:ll ;::1 of t ;e operational symbol, since he could have placed it above, b“i’:c ortn
the led :; rather tbhean below it. Finally, he had to remember the letter,on whi’d?rt;xn
?b , Awas to be performed. He could have put the comma below B or C j ;
of below A. He was thercfore given one point for each of th o~
a maximum of three points per unit.
In the test of Sentences i i
8 each unit was given a maxim i
‘ ) um value of six poi
" o1nts
:):el:’efor .cacfl word in Ehc sentence. A two-unit series gave a maxim:m sco-0 ";
. pou;\ls,fa three-unit series, a maximum value of cighteen points, etc e
n each of these four tests the final score was the total number o; pOi;\tB d
earned.

€5¢ correct operations, or

REsuLTs AND INTERPRETATION

The data yield information on the comparative magnitud
of the memory span for the different materials and for f}?l wo
sensory avenues, the visual and the auditory. e

Table 1 contains the mean score for each of the seve
tests, the standard deviations of the scores, and th ard
errors of the means. ) anc the standard

It should be noted that the tests numbered from fou
to seventeen inclusive are not comparable to the first thirrt;een
in terms of fzxctual size of span, since the first thirteen rte‘en
were scored in terms of units and the remaining four s
of the number of parts in each unit. s e

Differences in memory span for different kinds of material
were reported by Calhoon (2), Lumley and Calhoon (5)
Squire (6), Warden (11), and others. In no case howev5 ,
were the Fonditions of the experiments similar t,tnou h etr’
justify a direct comparison of actual figures rcpresentingg th:
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TABLE 1
"TasLe oF MEAN Raw Scores a¥p Variasiiry ror Eacu Tyre or MateriaL
Standard
Test Mean ' Lrror of
Meun
LODHGIte e 7.98 1112 176
2. Nonsense Syllables (whole)................. 2.49 353 .056
3. Consonants (visual)....................... 7.30 1.200 190
3. Geometrical Designs. .. ..........oovvien £.31 1.010 160
5 COlOTS. st e 7.06 1.130 179
6. Concrete Words (visual)................... 5.76 876 139
7. Paired Associates (whole).................. 2.50 804 127
&. Abstract Words (visual)............. e 5.24 763 121
9. Memory for Commissions 2.42 343 054
10. Sentences (whole)........ 1.75 .320 051
11. Consonants (oral)........ U 7.21 1.065 168
12. Concrete Words (oral).......... ... ... 5.86 807 128
13. Abstract Words (oral)...............ooonnn 5.58 811 128
13. Nonsense Syllables (parts)................. 203.85 28.390 4172
15. Paired Associates (parts)............. .....| 12540 18.830 2.977
16. Memory for Commissions (parts)........... 192.60 25.590 4.046
17. Sentences (parts)...............ooooeoocne| 275,90 30.990 4.900

spans for different kinds of materials. Among the factors
that varied from experiment to experiment were the ages of
the subjects, the length of time of exposure of the material,
method of presentation, method of measuring retention,
method of scoring, etc. Blankenship (1), on the basis of a
survey of the literature, reports the order of difficulty to be
nonsense syllables, letters, digits, and finally sentences and
related words. A survey of Table 1 shows that digits seem to
be the easiest to remember, with consonants and colors next
in order, there being little difference between consonants and
colors. Following are concrcte words, geometrical designs,
and abstract words. No clear differentiation should be made
in the order of difficulty of the latter three. The differences
between them are not great, and it is not at all unlikely that
if the concrete words were made a little longer, or the geo-
metrical designs a little simpler, the order would be reversed.
"I'he same holds true for abstract words and geometrical de-
signs, and for abstract words and concrete words.

The last group, the most difficult, are paired associates,
nonsense syllables, memory for commissions, and simple sen-
tences. Again, as in the previous group, no definite order of
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difficulty should be indicated, since slight changes in the dif-
ficulty of the units involved would change the order.

It may be noted that if a nonsense syllable is considered
as a group of three letters rather than as a single unit, the
mean score becomes 8.47 (3 X 2.49—which is the score for
nonsense syllables treated as a unit) as compared to 7.30
which is the mean score of consonants. One possible explana-
tion for this difference in mean scores is the fact that the
middle letter of each nonsense syllable is a vowel. Since the
choice of vowels is more limited than the choice of consonants,
the chance of error is accordingly less. Likewise, multiplying
the mean sentence score by six (which is the number of words
per sentence) gives a mean score of 10.50 for meaningfully
grouped words as compared to a mean score of 5.76, the score
for concrete words presented singly. On the other hand,
attention should be called to the fact that the difference
between grouped letters and single letters and between
grouped words and single words is complicated by the differ-
ence in length of exposure time. In the case of single letters
the total time of exposure of three letters was six seconds. In
the case of grouped letters (nonsense syllables) the total time
of exposure was two seconds. Also, in the case of discrete
concrete words the total time of exposure of six words was
twelve seconds. In the grouped series of words, .., in the
sentences, the time of exposure for six words was two seconds.

Finally, a comparison can be made between the two differ-
ent sensory avenues. Table 1 shows that there is no signifi-
cant difference between consonants presented visually and
orally, or between concrete words presented visually and
orally, and that there is only a slight difference between ab-
stract words presented visually and orally.

The second question to be considered is the generality or
specificity of the memory span, i.c., the constancy of the span
of an individual in relation to the members of the group, where
the only variable manipulated is the kind of material in the
various tests or the sensory avenue of presentation. As will
be shown in further consideration of the results, the question
of the relative constancy of the span of the individual or of the
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generality or specificity of the span is intin.la.ttley tied up with
the question of the number of separate abilities called for by
all of the tests of the battery. .
If there is only one general memory span factor involved,
that is, if the individual’s relative position in tl}e group de-
pends entirely on one ability that is called for in all of t‘he
tests and is not influenced by the type of xTxatf:rlal. on which
the span is tested, we would expect the dl.StI'lbllthn of the
mean standard scores for all subjects to be fairly w?ll sc?ttered
from high positive to high negative valuc'as. Likewise, we
would expect any subject to have appr(.)xu'n.atel'y the same
standard score on all tests, with little variability in the score.
Conversely, if the influence of a general memory span factqr
were negligible, and the individual’s position in the group is
dependent on separate abilitics. ca%led for by the different
tests, we would expect the distribution of the mean standard
scores for all of the subjects tocluster around zero. We would
further expect a widely scattered group of standard scores for
any one subject. In the limiting case where there would 'be
no correlation between the different scores the standard devia-
tion would tend to approach the limiting value of‘ 1.00, and
the standard error of the standard scores of the su\bject‘wotxld
tend to approach the limiting value of .171.  (Substituting

in the formula o
o distribution

W
where N is 17, as in this case, the limiting value vyou!d be .171.)

An examination of Table 2 shows that a point in bctvsfc:cu
the two suppositions mentioned above is approxxlmat‘ed. 'lhc
distribution of the means of the standard scores is falrl_y w1'de,
ranging from —1.31¢ to +1.770. Ft.u'thex:, on examination
of the means and sigmas for each subject, it is seen that the
standard deviation of the standard scores range from .363 to
799 with an average for all forty subjects of .531, and that
the standard error of the standard scores ranges from .050 to
.131 with an average for all forty subjects .of .091.

The above results suggest the conclusion that all of th‘c
tests call for a common ability, thus tending to keep the posi-

Ty =
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tion of the individual constant in relation to the rest of the TABLE 3
group, but also that certain abilities are called for in some of TABLE OF INTERCORRELATION OF Tuz TesTs
the tests and not in others, thus tending to make the position ===
s, A € | i 2] 5le3| B
of t‘}‘;efdeV{dual ﬂuct.uate in relation to the rest of the group., ! 2 ?.; i g o |« |B8|88]|E8 E
: . 3 -] 2 o o o @
actorial analysis of.the table of intercorrelations of the 2 a FiE B¢ 2 E 58 '25 58| &
tests tends to bear out this conclusion. Solial & Ba %3 olis .01 1512 bR
3 = g HEEIR I R R pe|te
o \5E\58) % | o |BE|52 80 52 2 nE e 02 65 v5 | B2 | £
TABLE Z1z185] £ | 5185 28556 |8 6282|221 82 =8| 62 B2
2 21851851 8 [ 38T |E 1ET 127|878 S = 12 |& |28
TaBLE 0F MEAN STANDARD SCORES AND VARIABILITY FOR ALL SuBJECTS Tz alals|elal|s o o | xr 12|13 xaus |6 | 17
N 69 | .48 1.53
M. f 1) =1 e |88l 74 |71l .69] .70 |.66] 40 |.54|.86].73|.71| .60
Subject | Standard Distribu- ‘Y Subject sm,ﬁd Dl:trci.{)u- 2|71 i 77| 65 1.77| 72 1 .79 178 .67 | .71 | -B0|.761.75 61 (.88 1.50 | .64
are on ore tion % 3|.8| .77 | =180 1.86| 82| 76 |77 .56 | .54).871.75|.75 | 67 1 74 1 .53 | 87
1 6 4 4l.741.651.80] — |.851.72|.82].78] .52 1.491.77 621.69|.751.61].5 60
97 | .6o7 .104 21 .38 .6o. .103 ‘ s171| 77| 86] 85 | —|.B1|.83 | 841.64 | .57|.74| 70| 69|78 | .72 | .62 &
z I L 128 22 73 | b 076 31ho| 72 821 w2 | 81| — | 76| 86| .65 | .67|.77|-83| 83| .63 | .72 | 50| .69
3 L.77 -553 095 23 - .40 700 120 71711 79 | 76| 82 | 83| 76 | — | 86].56 | .60].79].68].80|.86 | .71 | .56 | .69
4 - L3 -533 093 24 1.00 .428 073 8166|.79|.77] .78 ].84] 86 | .86 | — | .66 | .66].80|.82|.86| .80 | .73 | .54 | .73
3 o -399 098 25 45 456 078 ol40l 67 |.56] 52 |.64| 65 | .56 | .66 -~ 1.65|.57|.621.61]|.59 .62 |.74 .65
- 62 | 551 094 26 . 393 067 ' 10]e4 71 )54l 19 |.57| 67 | 60 |.66].65 | —|.b1|.711.72] .49 | .53 1.49 1 .80
4 I -103 27 — .83 799 137 i 11|.86| 80 | 87| 77 | 74| 77 | 79 | Bo] .57 |.61] — | .82| Bs| .70 1.74 | .57 gﬁ
- -‘g -566 097 28 ~ .09 477 o082 g 12|73 | 76 | 75| 62 | 70| 83 | .68 | .82) .02 |.7u|.B2|— |.B7|.58 .75 } .45 o
I9 .9 428 073 29 ~ .of 630 .108 13].71].75|.75| 60 | 69| .83 | .80 | .86 .61 |.72|.85| .87 — .70 .73 gz 63
xcx) - gg 462 079 30 1.23 612 .¥0§ 14 {.60| .61 {.67| .75 |-78]-63 86 | 80| .c9 | .49!.70}.581.70| — | .57 64 g
" - 390 067 31 ~100 | .651 .12 ‘ 15160 88 |.741.61 |.72| 72 | .70 1.73|.62|.631.74].75| 73|37 | | >4 4
1 12 .59 103 32 —124 | 476 08z 16| .48 | 50 |53 | 56 | 62| .50 | .56 | 54|74 |-49|.57 | 45 |-52) -4 4 59
Ij _ 'gg ﬂg 'gg? 33 - 74 68 080 17123 84 | 571 60 1.69| .69 |.69].73] .65 |-B0|.56|.60|.631 .65 | .48} .59
: ' ' 34 114 651 112
12 T4 <747 126 33 - 49 451 077
1 07 514 088 36 - 87 .587 101
17 -97 .363 062 37 47 542 .93 . .
;g .20 -364 .062 38 92 g; 074 X TABLE 4
- 41 402 K - : !
20 - .32 .;16 g% ig - gg '390 ;2; i CeNTrOolD MaTRIX
B 1 M 1L w v ht
Factorial Analysis 1 811 298 — 051 097 272 833
Tabl . . . 2 .880 061 —.228 079 041 848
able 3 contains the intercorrelations of all of the tests. 3 882 290 044 133 ;‘;3 908
i - H . . 285 152 K .
The intercorrelations were computed from the standard scores : ,§3§ :,14, 270 136 032 S92
by the method of rank differences. The correlation matrix 6 883 1o o8 T o 803
was f d b h i F 7 8go 063 242 058 —.069 863
'actore y the centroid method, giving the centroid 8 917 050 158 —.170 —.180 930
matrix of Table 4. Rotational procedure was then applied : B4 ';3§ o3| Dok 5 T ¥
to the centroid matrix maximizing the number of zero or near ‘ 1 K9 231 —.134 ~°("g' 'g% ’ﬁ%‘;
jecti X ; . : —a223 | =27 - :
zero projections on the several planes. Table 5 contains the i; ,3{;?, :,5,2 -1 —.217 —.150 -377
transformation matrix by means of which the rotated factorial ‘ i4 809 o7 s . :'::i B0
: T . . 1 - . : :
matrix of Table 6 was obtained from the centroid matrix. 16 it —.3% —.099 368 114 gz;
Table 7 shows the correlations between the final primary f 7 768 —3r e e 7 '
abilities.

T
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TABLE g
_ TRANSFORMATION MATRIX
A B C D )
I
168 s
i a 212 .
I _.83g .040 —:‘5); o
v 31 978 =099 - e
422 .040 ~.86¢ .géb
009
TABLE 6
Rotatep Facroriar Matrix
A B (o D E
1 —.05§ I
138 —.0
! ° _ 59 858
2 _ .015:? 030 095 .8857 ont
3 o8 247 —.083 904 .Ogl
! -osg 465 ~.052 754 ‘o2
3 B .056 460 008 790 o7
; o 229 2313 824 __.ogz
Z _ .'01 g 430 .068 794 - ‘364
N e ggg .284 818 —'182
2 s o 298 594 -
Io 258 -.038 .569 622 208
i _ :03 9 _ 071 022 931 .227
i pH 041 .354 869 -0 g
3 o 072 .328 858 - :
1 o 459 .051 662 - lgo
i3 ‘61 —.081 —.029 881 -—'l :
o . ‘g 049 —.00§ 567 i
3 -284 -509 543 _:‘;;
TABLE 7
CORRELATIONS BETWEEN PriMary Trarrs
A B [ D o
A 1.000
K .283 -
b i picis *ooo 1000

A ..
. tv%r]l.non lls called to the column in Table 4 which is called
o ;he valf» co umfn ;']epresents the communality, i.e., that part
riance of the given test which i fac
ich is due to f
mon to other tests in th ity of o
e battery. The reliabili
mon to othe . reliability of the
o , ’Illlxch is e.qual to, or greater than, the communality, s
acco;m d]ef variance due to specificity or to error and r’lot
ed for in the extracted factors is correspondingly small
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Table g, the rotated factorial matrix, contains five columns.

Each column is interpreted separately.

Column D contains no zero or near zero projections. 'The

smallest projections are for Tests 9, 10, 16, and 17, which are
the tests of Memory for Commissions and Sentences scored

in the two different ways. But even these loadings are fairly
high, the lowest being .34. This column represents a general
factor. From the nature of the battery it would seem that

this factor is the memory span factor.
In Column C the entries to be considered are for the fol-

lowing tests:

Name of Test Factor Loading

Number of Test
10. . .Sentences (scored for whole) .569
S Sentences {scored for parts) 509
12. ... .Concrete Words (oral) - 354
13. . .. Abstract Words (oral) 325
6. vei Concrete Words (visual) 313
9(1)..veennnv .. Memory for Commissions (whole) 298
8(2)............. . Abstract Words (visual) 284

All of the tests with significant entries in Column C involve

words. The tests with the highest loadings (Sentences) cer-
tainly involve ideas and words and relationships between
words. It is also very possible that the subjects formed rela-
tionships or associations even between the discrete abstract
and concrete words in an effort to retain them. Accordingly,
it is suggested that the factor involved is Thurstone’s verbal
factor. It should be noted that the battery of tests was not
sufliciently large or varied in nature to allow for unquestion-
able naming or interpreting of the factors. Any suggestions,
therefore, in regard to the nature of the factors are highly
tentative. These hypotheses or suggestions can be subjected
to experimental check-up by including the tests in question
in a battery with other tests that are known to be highly
saturated with the factor or factors under consideration.

In Column B the entries to be considered are for the fol-

lowing tests:

Name of Test Factor Loading

Nunber of Test
Boneraoinn . .Geometrical Designs 465
. Colors 460
Nonsense Syllables (parts) 459
.. Paired Associates (whole) .430
Abstract Words (visual) 344
.284

Sentences (parts)
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The last one or two factor loadings are rather small, and
hence their significance is questionable. It is evident that
a factor of visual or spatial imagery may be involved in the
tests of Geometrical Designs and Colors. But it is more dif-
ficult to explain why it is present in some of the word tests
and not in others. However, as indicated before, the nature
of the factor may be more readily determined by another ex-
periment with more significant tests added to the battery.

In Column A the entries to be considered are for the fol-
lowing tests:

Number of Test Name of Test

Factor Loading
6. Memory for Commissions (parts) 619
L emory for Commissions (whole) 514
x.....,.....‘....Sentencel(paru) 310
0. .Sentences (whole) 265

One way in which the above

tests differ from the others is
that they involve ra

pid reading and grasping of a complete
idea. The factor may be some sort of a speed factor—possibly
speed of reading or speed of apprehension. But, as before,
the interpretation is tentative and the only concrete suggestion
that may be made is that reading speed tests of several types
be added to the present battery to test for the above men-
tioned factor. ’

The entries in Column E, the residual plane,
to be significant, and no special interpretation is

One other point of interest in the rotated fact
is the comparative factor loadings of the visual a
These data are summarized in the table below.

are too small
necessary,

orial matrix
nd oral tests.

Factor Loading
Test
A B [ D
Consonants (visual)..... ... —.051 247 —.083 .904
Consonants (oral).......... 029 071 022 931
Concrete Words (visual)..., -.056 .229 313 824
Concrete Words (oral). ... .. © =031 —.041 354 .869
Abstract Words (visual),., . —.010 344 .284 818
Abstract Words (oral)...... 014 072 .325 858

In general, the factor loadings do not differ significantly

for the two methods of presentation. In only one case is the

; 4 81
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view
ff as high as .27. These results lean toward ':ihe view
ifference .27. ! ! ) ;e
(3}1] L the same factors are involved in aud1t;3tr}.r :nquesﬁon
. is R
the same degree.
span and to about ! . sten,
Lnemoryr I})1ow far we may generalize for materials othe
owever, ' .
the three reported in this stuc?y. i borne out the
On the whole, the factorial analysxs' 1 e
lusions drawn on the basis of the earlier stat;s hc ! }actor
lusi v
o l;t was suggested before that the batteryC 1a  factor
: c
o 2on to all of the tests. Factors A, B, and C are
comn
only to certain ones.
SUMMARY f .
i rom the
Following is a summary of the conclusions drawn
0 . . N . 7es-
investigation described in the ff)ltgf)xng pa{: ¢ increasing dit-
1. The listing of the materials in termdb((; e ovter
yi : Digi nsonants and Colors ;
as follows: Digits, Co : ‘ . lastet
ﬁcuu):flsbc:ut equal difficulty), Concrete Words, G;omtc e
: €
i‘)}vo'ons and Abstract Words (the latter three of ;/10:1()1; el
diil%llcilt;r) Paired Associates, Nonsense Syllables, Me
g b
b issions, and Sentences. ‘ . ‘ et of
(/Omm'?}sle p(;sition of the individual in relation tofthe iy
> i an :
the group is affected by two things—the pres»efncc:rfain  abiliey
ts, and the presence o 1
mmon to all of the tests, of ainabiniee
Cornmon only to special groups o‘f' tests. Il‘l.e.;:n o e
o n factor is to tend to stabilize the positi he b
O el n . -
::l(?r?;r:xal The effect of the other several fac 1.4?1'5 xsttothe ;t]wr
lvition'of the individual fluctuate in relation to
p(VS

nembers of the group. ' ‘ e

e The general factor is tentatively described asdt:lh e
% an factor. The other factors are not so readily ok
i ls)ll) as the first. The suggestion is made thatlonfhc the

zable . , 1d °
mLTxer factors may be Thurstone’s verbal factor. In the case
2[ the other two factors it is suggestkeddthatf ste\sr::sr g

inds of te J
i i 1d several kinds o ‘

:sts of visual imagery ar | ’ of reading
::ecd be included in a subsequent battlery ﬁs a posshowevcr o
i : all cases ,

[ i ifyi two factors.  In all cases, he .

dentifying the other Inal weven i
(‘)Ik\;uld beycli:arly noted that the naming or descrlbslu% of e
? tors is highly tentative and is intended only as a sugg

ac € ( :

of further possible experimental study.
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4. In the case of the three tests
orally the two methods of
same factors to the same d

presented visually and

Presentation seem to involve the
egree.

(Manuscript received November 10, 1939)
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THE RELATIVE IMPORTANCE OF INTER-
VENING ACTIVITY AND LAPSE OF
TIME IN THE PRODUCTION
OF FORGITTING

BY PAUL ERNEST TWINING
Towa State College

Historical InTropUCTION !

At one time Thorndike (26) wrote, “when a modifiable connection is not made
between a situation and a response during a length of time, that connection’s strength
is decreased.” The implication is that disuse, in and of itself, produces forgetting.
This raises the question as to whether the disuse which accompanies lapse of time is
effective in causing loss of retention.

It was Ebbinghaus (3) who first dealt experimentally with the problem of loss of
retention during increasingly longer lapses of time. He found that forgetting is a
function of time, but this does not indicate whether it is mere lapse of time, or the
interference of larger amounts of interpolated activity occurring during progressively
longer periods of time. There was no attempt to separate the factors of intervening
activity and lapse of time. In the classical curve of retention which Ebbinghaus
obtained and in the curves of Radossawljewitsch (ar), Finkenbinder (4), and Luh (xs),
there is an empirical determination of the loss which occurred after different intervals
of time but no possibility of determining the major factor in the production of for-
getting.  As time increased, presumably, the total amount or duration of intervening
acrivity rose in proportion. ‘There is in these studies, however, no adequate control
of the things which the subject or subjects did during the interim between learning
and recall nor of the number of units, kind, or difficulty of the intervening activity in
which they were engaged.

In 1924 Jenkins and Dallenbach (13) compared the rate of forgetting during sleep
ant waking. The results showed a slower rate of forgetting during sleep and a pro-
gressively larger difference between sleep and waking with longer periods of time.
Tley concluded, as a result of their study, **forgetting is not so much a matter of the
decay of old impressions and associations as it is a matter of the interference, inhibition,
or ubliteration of the old by the new.” VanUrmer’s (28) study showed similar results.

Gates (7) refers to disuse as ‘a passive state’ and seems to regard it as the primary
{actor in forgetting. Woodworth (30) says, *“the machinery developed in the process
of learning is subject to the wasting etlects of time.” He indicates that an act is
forgotten when its brain condition has disuppeared through long disuse. This places
the infuence of disuse in the nervous systemn. The latter statement is, however,
merely an inference and is not subject to experimental test at the present time. i.ash-
ley (14) points out some evidence against nc of the notions which might be suggested
as 1 neurological basis of the above inference, i.e,, the theory of a resistance factor at

1 The experimental work for this thesis was done under the capable supervision of
Dr. A. G. Bills, now at the University of Ciucinnati.
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