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PREFACE 

The experiments reported in this monograph represent an extension 
of the experimental investigation of associative interference initiated 
abroad by Thumb and Marbe in I9OI, and in this country by Esper 
in I918. 

The experiments were performed in the Psychological Laboratory 
of the Ohio State University during the academic years I929-30 and 

1930-31. 
I wish to express my great indebtedness to Professor E. A. Esper 

of the University of Washington, both for arousing my interest in this 

problem, and for training in the necessary techniques; and to the late 
Professor A. P. Weiss of the Ohio State University for his guidance 
and cooperation both in the experiments themselves and in the prepa- 
ration of the manuscript. 
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I. HISTORICAL INTRODUCTION 

Whenever the form of a word is altered by virtue of the influence 
exerted upon it by another word or group of words, the process is 
known as analogic change. Illustrative of this action is a frequent 
change in the pronunciation of the word height. Probably because of 
the influence of such words as width, length, breadth, and depth, [haito] 
is often spoken instead of [hait]. The recognition of the importance 
of this type of linguistic change has led linguists to make such historical 

surveys of its occurrence as that of the levelling of the singular and 

plural forms of OE strong verbs to a single form. Wyld' 205 describes 
the changes in such verbs: ' The changes in the forms of Strong 
Verbs since the OE period have been determined partly by normal 
sound change, and partly by the action of analogy working in various 

ways. The results of the latter factor have been (a) the levelling out 
of what proved to be an unnecessary variety of forms... ' 

While linguists have commonly attributed analogic change to the 
interference of associated words, it was not until I9OI that this 

explanation was subjected to experimental proof. At that time(I90o ), 
Thumb and Marbe selected 60 German words from those categories 
which in the history of the Indo-European languages had shown 
marked tendencies toward analogic change. These words were used 
as stimuli in an association test. From an analysis of the responses and 
the response time to each stimulus word the conclusion was reached 
that analogic change results from those associations which are common 
to a large portion of the group and which are given most rapidly by 
the individual members of the group. Using a similar technique, 
Esper (No. i) verified these results with a larger and more diverse 

group of American subjects. 
Adopting a suggestion made by Thumb, Esper (No. 2) investigated 

the nature and the process of analogic change within an artificial lin- 

I. The works of the author are to be found in the bibliography, page 6. 
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guistic system which he taught to different groups of subjects. He 
found (I) that those words which were most confused during learn- 

ing were most subject to associative interference later; and (2) that 

generally one member of each category attracted the remaining 
members of that category to it. 

Wolfle, following the artificial language technique used by Esper, 
attempted to determine how the associative organization of a linguistic 
system would be affected by the formation of a corresponding set of 
manual habits. Although no relationship between these two variables 
was found, the conclusion of Thumb and Marbe regarding the rela- 

tionship of association and analogic change was verified under entirely 
different experimental conditions. 

Whatever may be the ultimate cause of analogic change, all of the 
works quoted would bear out the statement that such change occurs 
under conditions of strong association between words or groups of 
words, and that such association is indicative of at least potential 
analogic change. Whether or not the change actually occurs is a 
function of other factors as well as association. 



II. PURPOSE 

The purpose of all these studies may be summarized as an attempt 
to discover, first, the sensori-neuro-motor conditions of the individual 
which underlie the process of associative interference in language, 
and second, those factors in the language itself which are particularly 
favorable to the development ot analogic change. These are simply 
two phases of the same fundamental problem, problems of the second 

type being reducible to some aspect of the sensori-neuro-motor condi- 
tions of the individual using the language. 

The purpose of the present experiments has been primarily of the 
latter type: to determine some of the relationships existing between 
the types of linguistic structure involved and the susceptibility of the 

language to analogic change. Specifically, two types of language were 

investigated. The first was a systematic language involving a one- 
to-one correspondence between the stimulus variables and the linguist- 
ic elements which designated them. The second differed from this 
in the direction of being less systematic. Basically it, too, involved a 

perfect correlation of stimulus variables and linguistic elements. But 
into this systematic pattern a number of variants were introduced, 
thus producing an unsystematic or heterogeneous language. A com- 

parison could then be made of the action of associative interference in 
these two types of linguistic structure. 
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III. METHOD 

GENERAL: 

Briefly, the experimental technique was to teach to a group of 

subjects an artificial language in which nonsense names were applied 
to nonsense figures. The learning method consisted of joint visual, 
auditory, and kinesthetic stimulation. When the subjects had learn- 
ed the material to the point of satisfying an arbitrary criterion they 
continued to use the language, but without ever hearing it from anyone 
other than themselves. The errors made in naming the figures, both 

during and after the learning period, were compared with the associa- 
tions within the linguistic system. 

APPARATUS: 

The nonsense figures, whose names comprised the language to be 
learned, were printed on gray fiber cards, four by five inches in size. 
These cards were presented serially to ihe subject by means of an 

exposure apparatus, the bradyscope , shown in Figure I. Cards stack- 
ed into a hopper are presented serially for any desired time and at any 
desired rate. The cards already exposed are automatically restacked 
into another hopper in the same order in which they were presented. 
This allowed them to be shown to the next subject without change of 
order. By simply stacking the cards properly they could be present- 
ed in any order desired. The interval between successive cards and 
the time of exposure of each were independently variable. A cam on 
the bradyscope completed the electrical circuit to two ten-watt lights 
which illuminated the figure for the desired exposure time. The cards 
were always at rest when they were seen by the subject. Cards were 
removed from the exposure window and new ones placed there auto- 

matically and in the dark. By using low illumination no difficulty 
was experienced with after images or with adaptation. 

The stimulus figures used were made up from the varying arrange- 
ments of a geometric jigsaw puzzle. Approximately 50 such figures 
were presented to a group of judges who were instructed to select 

i. See Gulliksen, No. 3 of Bibliography. 
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those which were most meaningless to them. The four figures used 
were those most frequently chosen in this way. Similarly a list of 

approximately Ioo nonsense syllables was presented to a group of 

subjects and their associations recorded. The syllables which became 
the elements of the linguistic system used were those which had the 
fewest and most widely varying associates. Thus the interference of 

previously acquired linguistic habits or associations was avoided by 
using material as nearly meaningless as could be obtained. While 
the names used were nonsense names, the speech sounds and the 

syllable division were those of normal American English. Similarly 
the combinations of sounds were all such as occur in English. All 

syllables were of the type consonant-vowel-consonant. The names of 
the figures consisted of two such syllables with the accent on the 
second. 

The four spatial forms used each occurred in four different sizes. 
There were thus I6 distinct figures. The sizes of each form were in 
the ratios of I, 4, 9, and 16. The forms used, together with the 
names given to each are shown in Figure 2. As different names were 

given to the figures in the two experiments, these will later be given 
separately for each of the two. 

The general plan of the experimental room and the relationships ot 

subject, experimenter, and apparatus are shown in Figure 3. Except 
for the illumination of the stimulus figures, as mentioned before, the 

experimental room was dark. 

EXPERIMENTAL METHOD: 

The subjects used (12 in Experiment I, and 8 in Experiment II) 
were all volunteers from the elementary psychology classes. All of 
them except one were of American birth. While most of them had 
taken some courses in one or more foreign languages, none had studied 

linguistics, nor was any one informed of the nature or purpose of the 

experiments. While they naturally tried to guess the reason for the 

experiments, their guesses were all either that it was simply in order 
to plot learning curves, or that it was in the nature of an abstraction 
and generalization experiment. The subjects were, then, quite una- 
ware of the purpose of the study. 

The procedure followed throughout the entire experiment was as 
follows. The subjects were instructed to appear individually at a 

given hour five days a week. The first day on which they came these 
directions were read : 
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You are to come to this room every school day at ... o'clock. When you 
come, knock, and then come in if you are told to do so. If your knock receives 
no answer, you will know that the previous subject is still here, so wait until 
he leaves. 

It is important that you be regular in attendance. So do not miss any day 
unless it is absolutely impossible for you to come. 

It is important that you do not rehearse the material that I am going to teach 

you outside of the experimental time. So I am going to ask you as far as 

possible not to think of, and certainly not to discuss, this material at any time 
outside of your daily experimental period. [The subject's promise was secured.] 

At the conclusion of the experiment I shall be glad to explain anything that 

you may care to ask concerning the nature or purpose of this experiment. But 
I would rather not talk about it until after the experiment is over. 

After making sure that these instructions were understood, the 

following directions were read: 

I am going to teach you the names of a number of figures that you have 

probably never seen before. In order to find out now whether you will have 

any difficulty with these names I will pronounce them one at a time. Will you 
watch my lips and then say the names over after me. Try to say them 

exactly as I do. 

The names of the figures were then read over, allowing the subject 
to watch the experimenter pronounce them. In order to determine 
whether or not the subject would have any difficulty in pronouncing 
them correctly he was asked to repeat them. It he could do this 

readily, the next name was read. Those names which presented any 
difficulty were practised until all could be given correctly. 

The following day the experiment began. The subject was instructed 
as follows: 

Now I am going to show you the figures. Watch the window in front of you 
where the light appears. As each figure is shown, I shall call out its name. 
Then I want you to name it after me. [A speaking tube connected to Ediphone 
headphones to facilitate hearing the subject's responses was then adjusted so that 
the subject could speak into it comfortably without having his vision obstruct- 

ed.] After a while, when I say' Call them out ', you are to name the figures 
as they appear without my prompting. Try to give a name to each figure even 
if you are not sure what the correct name is. Speak loudly and distinctly. 

The subject was then shown two series of figures while the names 
were pronounced by the experimenter. A series of figures consisted 
of the presentation of all I6 figures arranged in chance order. The 
order of presentation depended upon the order of withdrawal of cards 
from a box in which they were shuffled. The arrangement was then 
a chance one. The subject never saw the same order of presentation 
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twice, as nine new series were made up each day. A series presented 
while the experimenter pronounced the names will hereafter be called 
a learning or L series. One given to test the subject's learning, 
unaccompanied by the experimenter's naming, will be called a recog- 
nition or R series. At the first of the experiment, then, two such 
L series were presented to the subject. As each figure was shown its 
name was called out by the experimenter. The subject repeated the 
name of the figure while still looking at it. This provided a combi- 
nation of visual, auditory, and kinesthetic (from the speech move- 
ments) stimulation. Koch has shown this method to be one of the 
most effective in learning responses of this sort. As the third series 
was about to be shown, the subject was instructed to call off the 
names without prompting. This routine, 2 L series and I R series, was 
followed until the subject named all the figures in one series correctly. 
However, never more than nine series were shown in one day, 
regardless of the subject's performance. 

After the subject had given one perfect R series, the order was chang- 
ed from 2 L and i R to I L and I R, except that after each perfect R 
series another R series was given. At all times throughout the learn- 

ing period the subject continued to call off the names without prompt- 
ing until he made a mistake. After each R series in which an error 
was made, an L series was introduced. This procedure was followed 
until such a time as the subject had on each of three successive days 
given six successive perfect R series, a total of I8 successive R series 
without error. 

Having reached that point, the speed of presentation of the figures 
was increased from one exposure every 4.6 sec. (exposure time 2.3 
sec.), the speed at which the experiment had started, to one exposure 
every 3.6 sec. (exposure time i.8 sec.). As before, an L series was 
introduced following every R series in which an error was made. A 
maximum of six consecutive R series was given in one day. The 

subject continued to work at this speed until he had again on each of 
three successive days given six consecutive R series without error. 

Following the satisfactory attainment of this criterion on the second 

speed, the speed of the bradyscope was again increased, to one exposure 
in 3 .2 sec. (exposure time 1.6 sec.). Again the same criterion of 

learning was imposed. The subject had to give six consecutive R 
series on each of three successive days. When he had once done this, 
the learning period was considered finished. 

In the post-learning period there was no change in technique other 
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than that no L series were ever introduced, regardless of the number 
of mistakes made, and that six, and only six, R series were given 
each day. At the completion of the learning period the subjects were 
told to come only three days a week, the three alternate school-days, 
instead of five. 

As the subjects appeared individually, each was allowed to proceed 
at his own rate, to pass on to the next higher speed, and eventually 
to the post-learning period as soon as he was able to do so, without 

regard to the speed of learning of the other subjects. 
Records were kept in a phonetic alphabet of all responses made to 

the figures, with the exception that if the name given was strictly 
correct, the symbol ' K' was used. The values of the phonetic sym- 
bols used are given in the Appendix. 

For the association tests the following directions were read to the 

subject: 

I am going to call off the names of the figures one at a time. As I call each 
name I want you to answer with the first other name that you think of. Do 
not have a name picked and ready, but as soon as you hear the name that I say, 
answer with the first other name that comes to you. 

The times at which these association tests were given differed for 
the two experiments, so they will be taken up later in discussing the 

particular conditions of each experiment. The association tests consist- 
ed of the names of the figures presented orally and in random order. 
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IV. RESULTS 

SPECIAL CONDITIONS OF EXPERIMENT I: 

The linguistic system used in Experiment I was one involving a 

perfect correlation between the linguistic elements involved and the 
two stimulus variables, form and size. The four forms used are 
shown in Figure 2. Table r gives the relationship between the four 
sizes of each form, the i6 individual figures, and their names. 

Six association tests were given during the course of the experiment. 
The first of these was given 20 days after the experiment began, 
regardless of the proficiency of the subject. The second was given 13 
days after the first. Thereafter the tests were given at weekly inter- 
vals. Each association test consisted of four series of names arranged 
in random order. The subject thus reacted to each name four times 
in each association test. 

In discussing the results of both experiments, the term 'period ' will 
refer to that portion of the experiment bounded by association tests. 
Thus the first period included the time up to the first association 

test; the second period included the time from the first to the second 
association test, and so on. 

AN ANALYSIS OF LEARNING IN EXPERIMENT I: 

That the figures were not of uniform learning difficulty is shown 

by the distribution of errors given in the right-hand column of Table 2, 
which presents the total number of errors made during the learning 
period by all subjects in responding to each of the figures. While the 
total number of errors for individual figures varied from 65 to 152, 
the total number made on any particular size or any particular form 
does not show a very wide variation. Perhaps the size pof and the 
form <ig were the easiest categories to learn. 

In general the learning curves for the subjects show a complete 
S-shaped learning-function. The rate of improvement varied tremen- 

dously, but the general form of the curve was constant, an S-shaped 
curve with an inflection point at or slightly below the point of 50 

percent learning. An average curve for all subjects is shown in 

Figure 4, Curve I. Learning was slow at first, increased rapidly as 
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TABLE I 

THE LINGUISTIC SYSTEM USED IN EXPERIMENT I 

Size Form Categories 
Categories A. NAS B. ZIG C. TAV D. vus 

I lud ludnas lud;ig ludtav ludvus 
2 gri grcnas grcig grctav grcvus 

3 seb sebnas sebi<g sebtav sObvus 

4 pof pofnas pof;ig poftav pofvus 

The form names are given horizontally at the top of the table, with the size 
names vertically at the left. The names of the individual figures are obtained 
from the size name plus the form name, and are given in the body of the table. 
For example, the names given in the first row of the table are of the largest 
size, lud, of each of the four forms, nas, zig, tav, and vus; giving as figure 
names ludnas, ludig?, ludtav and ludvus. 

the subject began to distinguish the separate syllables characteristic of 
the four forms and the four sizes, and then slowed down again before 

perfect learning was accomplished. The other curve in the Figure is 
that of the second experiment. A comparison of the two will be 
made later. 

ANALYSIS OF WRONG RESPONSES MADE DURING EXPERIMENT I: 

Table 2 presents the relationship between the several stimulus 

figures and the wrong names given in response to them. The errors 
included in this analysis were of two sorts, first, those cases in which 
a name, correct in itself, was applied to another figure, and second, 
those cases in which the correct name was interfered with by another 
to such an extent as to produce a new formation. Errors made to the 

figure ludnas illustrate both types. In the first place the subject might 
respond to this figure with the name ludtav. That would be an error 
of the first type mentioned. In the second place the response to the 

figure ludnas might be ludtas. This mixture of ludnas and ludtav 
would be an error of the second type. Both errors, however, were 
due to the interference of the same figure, ludtav, and so are classed 

together in Table 2. 
The most frequent type of error was that of giving the name of a 

figure of the same form and of adjacent size to that of the stimulus 

figure. The next most common error was that of giving the name of 
a figure of identical size but different form. Generally from one third 
to one half of the errors made to any specific figure were the names 
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TABLE 2 

THE WRONG RESPONSES TO EACH FIGURE DUE TO THE 

INTERFERENCE OR SUBSTITUTION OF EACH OF THE OTHER FIGURES 

Stimulus 

Figure Interfering Figure 

0 w a i 'S - -o z A t - 
, ~~ 

- 64 5 5 6 
8 - 40 I I 8 

10 25 - I6 3 2 

3 4 I4 - 0 2 

6 2 3 0 - 

5 7 i i 6 

04 5 I 
2 2 7 6 

24 8 

4 20 
o 

7 
I 0 

3 2 

4 
18 4 

2 40 

I7 6 I I 2I 
S 8 I I 3 58113 

6 3 6 6 
4 4 I5 I0 I 

I 3 13 5 2 o io 

3 I 5 o0 7 5 3 
8 6 I 8 13 3 4 
6 9 2 225 I 

33 3 4 
- 34 3 
32 -20 

5 22- 

6 4 5 
4 io 4 
0 2 8 

I 3 

6 3 2 o - 54 i8 5 
3 12 2 2 4 - 38 5 

2 5 Io 4 4 25 -29 

2 I6 13 4 4 i8 - 

4 3 2 

9 43 
3 13 o 

3 6 

6 3 I 631 
i 23 5 
2 i6 22 

0 0 II 

5 I 3 3 I3I 
7 2 I 4 I25 
2 4 2 5 112 

I 2 5 4 80 

2 9 5 2 6 

I 2 5 3 1 3 

4 3 o 3 I 6 
8 o o o 5 3 

6 5 I I 6 144 
2 5 I 2 3 122 

I I 4 2 2 II8 

I I I I5 5 114 

2 - I9 4 2 

2 II - I7 3 
3 5 49 - I 

29 5 6 io - 

6 98 
6 o02 

6 I52 
2 107 

Totals 
` 

-^ 
, 
o - tco o o - , . ^ 1755" c 

1 0 00 0\ 
C 

. s -- 

The names at the left of the table are of the figures on which errors were 
made. Given horizontally at the top of the tables are the names of the figures 
whose interference produced the error. Thus in responding to the figure ludnas 
no errors were due to the interference of ludnas, 64 were produced by the 
interference of grnas, 5 by sEbnas, 5 by pofnas ; and so on. The errors listed 
under the column ' Odd ' were such unusual mixtures as not to be attributable 
to any specific one of the 16 figures. In the last column are given the total 
number of errors made to each figure (e. g., 131 errors made in naming ludnas). 
The row of figures at the bottom of the table gives the total number of times 
each figure interfered with any of the other figures to produce an error; thus 
ludnas interfered with the other i 5 figures to the extent of producing 99 wrong 
responses. 

of the same form but one size smaller or larger. Tables 3 and 4 group 
the data of Table 2 into statements of the errors made to each form 
and size category in terms of the other form and size categories rather 
than in terms of the specific figures. 

ludnas 
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TABLE 3 

DISTRIBUTION OF ERRORS ACCORDING TO FORM CATEGORY 

Stimulus Form Category of Error 
Form nas UIg tav vus 

no. 0/0 no. %/ no. 0/0 no. 0/0 Total 
nas 205 47 64 I5 IIO 25 53 I2 432 
Ig 47 I5 I83 55 62 19 40 I2 352 
tav 142 29 73 15 218 45 49 xo 482 
vus 89 20 82 19 126 29 142 32 439 

Total 483 402 516 284 I685 

This table is to be read as follows: 205, or 47 o/o of the errors made in nam- 

ing figures of the nas category were either substitutions of some other member 
of the same category or effects of the interference of some other member of that 

category. Sixty four, or I5 o/o, of the errors made in naming members of the 
nas category were due to the substitution or interference of some member of the 

[Ig category. Similarly the members of the tav category contributed i Io, or 

25 o/o, and of the vus category 53, or I2 o/o, of the errors made in naming the 
four figures of the nas category. The total number of errors made to the four 
members of each category are given in the final column of the table. The 
totals at the bottom of the table are the total number of times the members of 
each form category interfered with any other figure to produce an error. 

Inspection of Table 3 shows a tendency for errors to consist of the 
names of other figures within the same form category as the stimulus 

figure. For example, 47 0o/ of all errors made in naming the four 
members of the nas category (form) were attributable to some other 
member of the same category. While 47 ?/o was not a majority of all 
errors, it was a higher percentage than that attributable to the interfer- 
ence of any of the three remaining form-categories. The predomi- 
nant type of error made to the figures within any of the other three 

form-categories was also that of giving the name of some other 
member of the same form category. In addition to this general ten- 

dency, the two categories of nas and tav seemed peculiarly susceptible 
to confusion. Perhaps the presence of the same vowel sound in each 
was responsible. Generally this error took the form of ' tas' or 
'nav'. The fewest errors seemed to be due to the interference of 
the members of the vus category, and the most to the interference of 
the tav category. 

In Table 4 the errors are classified according to the size of the 

figures on which they were made and the size of figure whose 
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TABLE 4 

DISTRIBUTION OF ERRORS ACCORDING TO SIZE CATEGORY 

Stimulus Size Category of Error 
Si{e lud grc sEb pof 

no. 0/0 no. %0 no. 0/0 no. %0/ Total 
lud 129 29 226 51 55 I2 33 07 443 
grt 97 22 I33 31 167 39 36 o8 433 
ssb 47 Io 187 41 III 24 112 24 457 
pof 29 08 34 IO 117 33 I72 49 352 

Total 302 580 450 353 I685 
With the substitution of the word Size for 

the word Form, Table 4 is to be read as was Table 3. 

name interfered to produce the error. Most errors on all sizes con- 
sisted of the name of other figures either one size smaller or one size 

larger than the stimulus figure. The only exception to this was on 
the size pof. More errors made to that size consisted of the names of 
other figures of the same size than of any other size. In the remainder 
of the system this was the second most common type of error. For 

example, the greatest percentage of errors made to figures of the lud 

category (the largest size), 5 I ?/o, was due to the interference of the 
names of figures one size smaller, the members of the grc category. 
The second most frequent cause of error (29 o/o), to the lud figures 
was the interference of the other members of the lud category. Defi- 

nitely fewer errors were made to the smallest size than to any other, 
while the differences in frequency of errors among the larger sizes was 

statistically insignificant. What errors were made seemed to be due 
to the interference of one of the intermediate sizes. The largest and 
smallest sizes accounted for relatively fewer errors. 

To sum up the data of Tables 3 and 4 in terms of probability, the 
chances were 44 out of Ioo that a given error was attributable to the 
interference of some other member of the same form category; and I8 
out of 1oo that the error was attributable to some specific other form 

category. The only exception to this was that the vus category was 

responsible for fewer errors than the others. 
When an error was made, the chances were 32 out of Ioo that it 

was due to some other figure of the same size category; 54 out of Ioo 
that it was produced by a figure of a size category but one size 
removed from that of the figure on which the error was made; I,o out 
of 1oo that the category of the interfering figure was two sizes removed 
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from that of the figure on which the error was made; and 4 out of Ioo 
that the cause was three sizes removed from that of the stimulus figure. 

RELATIONSHIP BETWEEN STIMULUS NAME AND ASSOCIATES: 

There was no general tendency for the number of different asso- 
ciates, given in response to any specific stimulus name, to decrease in 
the successive association tests. While isolated instances of this ten- 

dency did occur, they were counterbalanced by other cases in which 
the opposite tendency was shown. To take a hypothetical case, if 
a given subject responded to the stimulus word ludnas in the first 
association test with lud&ig once, sebnets once, and ludtav twice, each 
of these responses, with the stimulus word, would constitute a distinct 
stimulus-associate pair. There were thus three different associates 

given in response to the same stimulus. No general tendency was 
evident for this number to decrease; hence there was no indication 
that the associations to a given name were becoming more fixed, or 

stronger. Considering all subjects it must be concluded that the 
associations were as well formed, or as fixed, by the time the first 
association test was given as they were at the end of the experiment. 
In fact the average number of distinct stimulus-associate combinations 
on the successive association tests showed remarkably little change. A 

graphical presentation of this is given in Figure 5. 
Figure 5 also includes an analysis of the relationships of the stimu- 

lus-names to the associated name with respect to the form and size of 
each. The average number of associates corresponding neither in 
form nor in size with the stimulus is indicated for the successive 
ssociation tests by the line labelled N. Such an associate would be 

pofvus to the stimulus ludnas. The lines labelled S and F give the 

average frequencies of associates corresponding in size and form re- 

spectively to the stimulus-name. To the stimulus ludnas, an associat- 
ed response of ludvus would be an associate corresponding in size to 
the stimulus; a response of sabnas would correspond in form. There 
were no statistically significant changes in the average frequencies of 

any of these three classes of associations. 

RELATIONSHIP BETWEEN ERRORS AND ASSOCIATES: 

A comparison of the errors made to each figure with the associates 

given to the same figure is given in Figure 6. The percentage of 
errors which corresponded exactly to an associate given in the same 

period as the error was made (as for example ssbtav, which was both 
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an associate and a wrong response to sebnas), decreased from the first 
to the last period of the experiment. The decrease, as shown in the 
line marked I, with one inversion, was a fairly regular one. Like- 
wise the errors made to a given figure which during the same period 
had an associate that corresponded to the error in size but not in 
form became more frequent with practice. For example ssbnas might 
be a cause of error in naming snbtav, but not itself be an associate of 
sebtav, although other members of the same size category were. The 

percentage of all errors which resembled the associates in size only, 
increased during the successive periods of the experiment. While the 
increase was not particularly large it was quite regular and of fair 
statistical significance. Less consistent were the other types of errors. 
Those errors made to a figure having associates identical in form, but 
not in size (as ludnas and ssbnas were identical in form but not in size) 
to that of the error, first decreased slightly and then increased as the 

experiment progressed. The percentage of errors made to figures 
which had no associates either of the same size or the same form as 
the error showed no consistent trend, but increased slightly during 
the course of the experiment. Further relationships between errors 
and associates will be evident in discussing the variant responses. 

VARIANT RESPONSES GIVEN IN EXPERIMENT I: 

Table 2 summarized all of the errors made by all of the subjects. 
A large part of these errors consisted of misapplying the correct name 
of some other figure. Although such errors may be of importance in 

indicating where confusion lies, and where associative interference is 

apt to lead to the formation of new words, they are not in themselves 

examples of analogic change. Part of the errors included in Table 2 

were, however, new forms or variants which, while never heard by 
the subjects, were given as names to the figures. In this experiment 
such new forms occurred predominantly in the early part of the exper- 
iment. Out of approximately 350 such variants, 300 were given in 
the first part of the learning period. Some of these clearly indicated 
the mixture of two or more of the names of the language. As men- 
tioned before, tav and nas very frequently became tas and nav. Both 
of these new forms appeared unquestionably to be due to the mixture 
of nas and tav. Similarly other mixtures or new forms occurred. 

Many of these variants were simply mispronunciations of the name, 
as when grc became grf or gras. Other variants were of much more 
doubtful origin. While they may have been due to the mixture of 

25 



LANGUAGE MONOGRAPH NO. II, 1932 

TABLE 5 

VARIANT RESPONSES GIVEN 

Correct Variant 

Response Response 

ludnas ludnav 
ludtas 
lufnas 
ludvas 
lustnas 
luwstas 
Oudnas 

ludna3 
grcnas grcnav 

grcnaZ 
grcwas 
grasnas 
grafnus 
grfnus 
grcnIs 
vrinas 
drtcnas 

grcna3 
grfnuf 
grfnup 
grsnuf 
grasnuf 
grenuf 

sebnas 7sbnas 
ssbtas 

ssbna. 
SEbnuf 
sebnav 
sebnuws 
sednas 
stepnas 
sepnuws 
lebtas 
sebvas 

sepnaf 

IN THE 

No. of 

Subjects 

4 
I 

I 

2 

I 

I 

I 

I 

3 
2 

2 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

2 

3 
2 

I 

2 

I 

I 

I 

I 

I 

I 

I 

FIRST PERIOD OF EXPERIMENT I 

Freq. 

4 
2 

2 

2 

I 

I 

I 

I 

5 
3 
3 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

6 

4 
3 
3 
2 

I 

I 

I 

I 

I 

I 

I 

Most Probable 

Interfering Cause 

ludtav 
ludtav 
pofnas 
ludvus 

ludtav 

grctav 

grbvus 

grivus 
grcvus 
grC(lg 
-vus 

-vus, pof- 
-vus 

-vus, pof- 
-vus, pof- 
-vus, -pof- 

sebtav 

sebvui 
sEbtav 
ssbvus 

sevus 

ludnas, -tav 
sebvus 
pof- 

26 



WOLFLE, LING. STRUCTURE AND ASSOC. INTERFERENCE 

Correct Variant 

Response Response 

pofnas pothaus 
poftas 
pufnas 
posnas 
pocnav 
pofwas 
pofna< 
poftaus 
pofhas 
pofvas 
posna~ 
poftus 
pofsa 
pofnas 
potnas 
pottas 
potas 

pofnav 
pofnzs 
postnas 
pofna3 

hlud;g ludvig 
ludrig 
luwdrig 
luwd&zg 
luwdnig 
nud&zg 
lustug 
lubzig 

gr<z(g grasIg 
graIg 
grtvig 
grftsg 
grasig 
kri.zig 

ssbzlg ~sbZig 
sd&Ig 
sIb*ig 

No. of 

Subjects 

I 

2 

3 
I 

I 

I 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

3 
I 

I 

1 

1 

I 

I 

Freq. 

6 
5 
4 
3 
2 

2 

2 

2 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

3 
2 

2 

2 

I 

I 

I 

I 

2 

2 

2 

I 

I 

I 

9 
3 
I 

Most Probable 

Interfering Cause 

poftav 
ludnas 

gr'tav 
pofvus 
-lig 

pofvus 

poftav, pofvus 

grcnas 
grinas 
gritav 
poftav 
poftav 
pofzig 
pofmg 

ludvus 

ssb~sg 
-nas 
-nas 

grivus 

-nas 
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Correct Variant 

Response Response 

n.drig 
s fujg 
lbuig 
sibvig 
septIg 

pofrig pufrig 
poarlg 
posttig 
pofrig 
purzg 
pusrig 
posrIg 
PUSMl 

po;(ig 
ludtav ludias 

nudtav 
ludnav 
lustav 

gr'tav grastav 
grttas 
tgr'tat 
grastuf 
grftav 
grtas 
grEta5 

sEbtav sTbtas 
zebtav 
(ebnav 
ssbtauv 
nEbtav 

pojtav poftas 
podtav 
puftav 
postav 
postnav 
pufta 
poftauv 
pofnav 
potas 

MONOGRAPH 

No. of 

Subjects 

I 

I 

I 

I 

I 

4 
2 

I 

I 

I 

I 

I 

I 

2 

I 

I 

I 

I 

2 

I 

I 

I 

I 

I 

2 

4 
I 

I 

I 

4 
3 
3 
2 

I 

I 

I 

I 

I 

NO. 1I, 1932 

Freq. 

I 

I 

I 

I 

I 

8 

4 
2 

2 

2 

I 

I 

I 

3 
2 

I 

I 

6 

3 
I 

I 

I 

I 

I 

6 
6 
I 

I 

I 

17 
8 

5 
3 
2 

I 

I 

I 

I 

Most Probable 

Interfering Cause 

pofrIg 
lud&ug 
sp-bvus $ ~trlUS 

septav 
ludqrg 
gr2Ig 

ludcIg 
lud&g, -nas 
-nas 

ludnas 

ludnas 

gr tav 
-nas 

grcnas 

-vus 

grdnas 
grinas 
szbnas 

~Eb&tg 
zeb[Ig, -nas 

pofnas 
gr'tav 
ludtav 

grctav 
pofizas 
ludtav 

pofnas 
pofnas 
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Correct Variant 

Response Response 

pofta 
ludvus ludvos 

ludvu 
ludvis 
pudpu 
lufvus 
ludvuws 
ludva~ 

grivus gr&vos 
gr&vuws 
grfvus 
grasvu 
grcvu 
gripu 
grtvas 

sdbvus zVebvus 
sf.bvuws 
se-bvu 
sr-bpu 
szbveb 
sebvos 
st-dvus 
sr-bnuf 
seblui 

polvus Pbufvu 
lufvus 
POIvus 
p ufn u 
pofnus 
pufvuK 
pofvos 
pavvus 
pujlnud 
pofvas 
posvus 
pofvus 
pofvuws 
fxofvus 

No. of 
Subjects 

I 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

3 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Freq. 

I 

3 
3 
I 

I 

I 

I 

I 

6 
2 

2 

2 

I 

I 

I 

2 

2 

I 

I 

I 

I 

I 

I 

I 

5 
4 
3 
2 

2 

2 

2 

2 

I 

I 

I 

I 

I 

I 

Interfering Cause 

pof- 

lud~sg 
pof- 
pofvus 

ludnas 
pof- 

-nas 

grcnas 
zeb~ig 

pof- 

pof- 

se-bnas 

ludvus 
ludvus 
grivus 
ludvus., pofnas 
pofnas 
ludvus 
pof- 
-nas, -tay 
ludvus, -nas 
pofnas 
grcvus 
gr&vus 

29 



LANGUAGE MONOGRAPH NO. II, I932 

Changes due to Assimilation 
Correct Variant No. of Most Probable 

Response Response Subjects Freq. Interfering Cause 

pofnas povnas I I 
grcilg grcsig 4 II 

ssIvIg :sb^ig 2 4 
pofmig pofsig I I 

pov'Ig 2 2 

other members of the system, in many cases sounds from three or 
four distinct sources were present, together, perhaps, with sounds 
which did not occur in the system at all. For the first period, a list 
of all the variant pronunciations and new forms is given in Table 5. 
The variants occurring after the first period are given in a later table. 
The stimulus figure, the variant response, the number of subjects giv- 
ing each variant, and the total frequency of occurrence of each are given 
in the table. Whenever possible the name of the figure which most 

probably interfered to produce the new form is also indicated. The 
blank parts of this last column are due to the fact that in many cases it 
was impossible to give with any certainty the name of the figure which 
caused the interference. In some cases, as for instance where pofjig 
became povwIg, the variant appeared to be simply a case of assimilation. 
Where this seemed to be the case, the word Assimilation is given 
under the heading of cause. 

In some cases a form altered by assimilation seemed to manifest all 
the characteristics of the primary names with respect to taking part in 
the process of analogic change. Because of its occurrence before a 
voiced consonant the final sound of the first syllable might also become 
voiced. When such a change developed, for instance pov from pof, 
the new form would sometimes be carried over into situations in which 
it would never by itself have become voiced. When pov replaced pof 
in the name poflig, the change was simply a case of regressive assim- 
ilation, but assimilation could not explain the development of the 
form povtav. Apparently forms altered by assimilation are also subject 
to analogic transfer. Thus by analogy, on the basis of pov~Ig, poftav 
becamepovtav. Similarly the ~ of ~ig might become unvoiced, changing 
poftlg into pofsig, and then this new form transfer to other words pro- 
ducing ludsig or sebsig. There were several such cases in which 
assimilation changed a voiced sound into an unvoiced one, or vice 
versa, and then the new form transferred into combinations in which 
it would never have developed by itself. 
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TABLE 6 

VARIANT RESPONSES AFTER PERIOD I IN EXPERIMENT I 

Correct Variant No. of Most Probable 

Response Response Subjects Freq. Interfering Cause 

srbnas sbnas I 

pofnas sad I 

pofnus I I pofvus 

sE^blg ssgIg I I 

grcssb I 

pofiIg pufrig I I ludVig 
ludtav luk I 
sebtav sebtas I sebnas 

poftav so I 
srbvus sepvus I 

srbtvus I 

pofvus pufvus I I ludvus 

Changes due to Assimilation 

pofvus povmus 2 21 

povus I I 

povv)s I I 

povos I I 

pof ig pov:Ig 2 16 

While progressive assimilation is commonly said to be the charac- 
teristic type of assimilation in English, in these records regressive 
assimilation was about four times as frequent as the progressive type. 
This may, however, have been due to the particular speech sounds 
included in the language. If the linguistic system had contained 
other sound combinations the results might have been more in accord- 
ance with the normal trend of English, the native language of the 
subjects. 

Table 6 presents similar data to those of Table 5, but for the latter 

part of the experiment. The period included in Table 6 was for the 
entire time after the first association test, that is, all but the first three 
weeks of the experiment. Table 5 included all variants up to that 
time. As before, the stimulus-figure, the variant, and the frequency 
of each are given. Again an interfering cause is assigned whenever 

possible. This should have been more generally possible with the 
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variants of the later period, as errors due to simple misunderstanding 
or careless pronunciation were less frequent. However, the analogic 
variants of this period were very scarce. 

The most remarkable thing about these variants of later appearance 
was their scarcity. After the language had once been learned there 
seemed to be very little tendency to alter it. When mistakes were 
made, they generally consisted of the correct name of some other 

figure. Aside from errors classifiable as examples of assimilation, 
which are included in the table, there were only 12 variants given 
during this entire period, which included some 35000 separate presen- 
tations on each of which an error might possibly have been made. 
Even the variants which did occur were scattered. The same one was 
never given by two subjects, nor by the same subject twice. Extreme 

stability seemed to be characteristic of a language as systematic as 
this. Since the course of analogic change is commonly in the direc- 
tion of greater systematization, and since this language was, from the 
start, as systematic as it could be made, perhaps the results obtained 
were to have been expected. 

SUMMARY OF EXPERIMENT I: 

By the use of a highly systematic language, one in which there 
was a perfect correlation between the two variables, form and size, 
and the two-syllable names applied to the figures, learning was very 
rapid and very regular. The learning curves were S-shaped and 

symmetrical about the inflection points. 
There was no general tendency for the associations to become more 

fixed, or for a given stimulus-associate combination to be given more 
and more frequently as more association tests were given. While 
isolated examples of this tendency did occur, the total number of 
distinct stimulus-associate pairs remained about the same on all asso- 
ciation tests. 

The percentage of errors which corresponded identically to the 
associates of the figure on which the error was made decreased with 

practice. Errors corresponding only to the size or the form of the 
associates to the figure on which the error was made increased slightly 
with practice. Non-identical errors also increased slightly. In general 
more errors were made which corresponded to associates in size only 
than in form only. Confusion of figures of the same size but different 
form seemed to follow more closely the association tendencies of a given 
figure than did confusion of figures within the same form category. 
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TABLE 7 

NAMES OF THE FIGURES USED IN EXPERIMENT II 

Size Form Category 
Category A. pof B. s2b C. grc D. lud 

I vus vuskof ssbvus vusgrc vuslud 
2 nas naspof sEbnas nasgrt neslud 

3 :Ig Umpof mgssb :Sggrt . glad 
4 tav tavpof tavsEb tavgrt tavlud 

Table 7 is to be read as was Table I 

Most of the errors consisting of a correct but misapplied name were 
names of other figures within the same form category and next in size 
to the figure on which the error was made. The second most 

frequent type of error was in giving the names of figures of the same 
size, but from other form categories. 

In the use of such a systematic language, very few new linguistic 
formations developed. While many new names were applied to the 

figures during the early part of the learning period, new formations 
were very rare after the subjects had become familiar with the material. 
Such variant names as were given during the latter part of the experi- 
mert were scattered and never occurred more than once. 

SPECIAL CONDITIONS OF EXPERIMENT II: 

The linguistic system used in Experiment II was not as exactly 
correlated with the stimulus variables, form and size, as that of 

Experiment I. This system might be described as a perfectly correlat- 
ed one into which several changes were arbitrarily introduced. The 

relationships between the two categories, form and size, and the 
names applied to them, are given in Table 7. The same syllables 
that made up the language of Experiment I were used in Experiment II, 
changed, however, so that those syllables which in the first language 
were names of the forms now became the size names and vice versa. 
The names underlined in Table 7 are those which were altered from 
their systematic form. These alterations were of three types. VuspoJ 
and ~igpof were changed to vuskof and IPrpof by changing a consonant, 
once in the first and once in the second syllable. Vusseb and nasssb 
had their syllable order reversed to produce ssbvus and ssbnas. Naslud 
and qIglud were changed to neslud and (iglod by altering a vowel. 
Here also one change was made in the first and one in the second 
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syllable. One complete form-category, gri, and one complete size- 

category, tav, were left unaltered. Two of the six alterations were 
made in each of the three remaining form-categories and two in each 
of the three remaining size-categories. In some ways this type of 

linguistic system was a closer approximation to a real language than 
was the systematic language of the first experiment, as the conditions 
of regularity between variables and name, combined with a certain 
amount of irregularity, found in ordinary languages, was duplicated 
in this artificial one. 

The same stimulus-figures were used here as in Experiment I. The 

only changes were in the names applied to them. 

Experiment II was unfortunately interrupted after seven experimental 
days because of the necessity of replacing some faulty apparatus. How 
much this interruption influenced the results cannot be determined. 
In some respects the period before the interruption served simply to 

acquaint the subjects with the nature of their task. However, some 
of the quicker learners had, even in the first seven days, more or less 

completely learned the language, at least to the point of being able to 

give one perfect R series. After this enforced rest there was some, 
but not a great deal, of forgetting. Most of the subjects went on 
from approximately the point that they had reached at the end of the 
first period. After returning from this vacation the subjects continu- 
ed to come five days a week for the next five weeks. This meant 
that the total experimental time was less than that of Experiment I by 
from three to four weeks. 

Three association tests were given during this experiment. The 
first was given at the end of the first seven experimental days. The 
second was given 17 days after work was resumed, and the last at the 
end of the experiment. These tests divided the whole experiment 
into three parts. The first of these constituted the first seven experi- 
mental days. The last two were of about equal length, of twelve 
and ten experimental days respectively. The word 'period' in the 

following discussion and tables will refer to these three divisions of the 

experiment. 
The first association test was given as were those of Experiment I, 

consisting of four series of the names given in random order. The 
last two association tests consisted of one long series in which each 
name appeared three times. The only criterion in determining the 
order of names in these series was that no name should occur twice 

consecutively. Otherwise there was no attempt to give all of the 
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names before starting to repeat them. Later, in comparing numbers 
of associations and fixity of associations, the first test was reduced 
to a basis of three presentations of each name, in order to make it 

comparable with the two later tests. 
Data were available on the hearing ability of five of the eight 

subjects used in this experiment. With the exception of one subject 
who had a 30 o/0 loss for the frequencies of about 2048 cycles, all 

subjects tested had 9o ?/o hearing or better in one or both ears for all 

frequenciesup to 8000 cycles. As the experimenter always attempted 
to say the names rather loudly, it is improbable that the difficulties of 
hearing were responsible for many of the changes introduced into the 

language. 
The experimenter's hearing is in both ears 9o O/0 or better for all 

frequencies up to 8000 cycles. At that point, which includes the 
high pitches characteristic of s and [, it falls off to 60 ?/o. It is thus 

possible that some of the changes recorded in these sibilants, partic- 
ularly in Experiment I, were the fault of the experimenter and not of 
the subjects. 

AN ANALYSIS OF LEARNING IN EXPERIMENT II: 

The heterogeneous language of Experiment II presented considerably 
greater learning-difficulty than did the more homogeneous one of 

Experiment I. The average learning-curves of the two groups, given 
in Figure 4, show a much more rapid rate of learning in the first 

experiment than in the second. In Experiment I, in which a perfectly 
logical language was used, the point of almost perfect learning was 
reached after only I8 R series. At that time the group as a whole 
was averaging well over 15 (out of I6 possible) correct responses in 
each R series. After the same amount of practice the group learning 
the heterogeneous language was averaging only io correct responses 
per R series. A record equal to that of the group learning the homo- 

geneous language was not reached until after more than 5o R series. 
A comparison of the first errorless R series of the two groups 

showed a similar difference. The first group, with a homogeneous 
language, averaged 14.8 R series, while the group learning the hetero- 

geneous language averaged 27.6 R series before an errorless one was 

given. Using the first errorless R series as a criterion of learning, the 

homogeneous language was learned in approximately half the time 

necessary for the heterogeneous one. The actual difference was over 
three times its Standard Deviation, so there is little possibility that the 
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apparent superiority of the homogeneous language was due to chance 
factors. 

A further difference between the two groups was shown in the 
location of the inflection-points of their respective curves. While the 
curve representing the learning process of the first group was symmet- 
rical about its inflection point, the learning-curve of the second group 
showed no such symmetry. In the second curve the inflection-point 
was in the lower half of the curve, at the point where the material 
was about one-fourth learned. 

Both the general shapes of these curves and the location of the 

inflection-point in each was in exact accord with Thurstone's assump- 
tions regarding the learning-process. The shape of the individual 
curves was substantially the same as that obtained by Hull for the 

learning of generalized abstractions. 
The comparative time necessary to learn these two languages suggests 

that in the construction of practical universal languages the most 

perfect correlation possible between the linguistic elements and the 

things which they represent would be highly desirable from the stand- 

point of economical learning. 
The several names composing the linguistic system used in Experi- 

ment II did not all present the same amount of difficulty to the learner. 
The correlation of .61 between the number of errors made on each 

figure in the first experiment with the number of errors made in the 
second suggests that the figures themselves, regardless of the names 

given to them, were not of uniform difficulty. In part this was due 
to the fact that the names of the smallest figure of each form were left 
unaltered in the second language. In the first experiment the smallest 
sizes were the most easily learned. This might have been true also in 
the second experiment even had their names not been made more sys- 
tematic than those of any other size category. When the easiest figures 
of the systematic language were made the easiest ones of the other 

language as well (by leaving them systematic in an unsystematic 
language), some correlation between the difficulty of the two languages 
was bound to result. While there was this evidence for the belief 
that the difficulty of learning was a function of the figure and not of 
its name, somewhat contradictory evidence is to be seen in the data 

presented in Table 8. Inspection of the number of errors attributable 
to the interference of each figure shows a considerably greater fre- 

quency of error in dealing with those names which did not fit exactly 
into the logical scheme of the language. This will be shown more 
conclusively in the analysis of the variant responses. 
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TABLE 8 

WRONG RESPONSES TO EACH FIGURE DUE TO THE INTERFERENCE 

OR SUBSTITUTION OF EACH OTHER FIGURE 

Stimulus Interfering Figure 
Figure 

vuskof - 40 28 2 I 4 5 I 7 9 5 2 I14 0 2 2 123 

naspof 26 - 78 3 0 I 5 I 0 i8 3 2 I 22 I I 3 i65 

iJ?ro] Ig 28 - 90 2 4 00 3 9 0 I 5 233 88 

tavpof 4 31 5 - 0 2 I I 0 I I 14 0 0 2 8 12 64 

ssbvus 0 2 3 0 - 48 7 I 0 2 2 2 5 13 2 I 3 gI 
ssbnas I 0 4 2 I5 - 35 10 0 6 0 3 2 5 3 3 2 91 

,Igseb 0 0 Ir I I 61 - 14 0 3 9 I 2 0 2 5 8 137 

tavslb 0 I 4 52 I5 I 0 - 0 o o 6 o o 5 I0 3 61 

vusgrl 3 5 12 0 3 3 6 2 - 62 17 2 2 14 7 1 I 140 

nasgr- I 4 9 2 o 6 2 I 11 - 50 7 1i56 6 I 2 I59 

liggrc 2 2 37 6 7 0 7 34 - 10 3 843 3 

tavgr' I 1 2 I2 2 2 19 3 8- 2 4 0 9 4 63 

vuslud 3 2 4 3 3 9 I 2 3 9 7 9 - 25 2 13 50 91 

neslud oI 4 4 o 3 2 01II 8 2 18 - 24 4 3 89 

~igbd 0 3 3 53 0 3 3 2 o 6 5 5 0 1 7 3 - I7 I36 
taviud I I 3 7 0 4 0 12 02 o 0 6 4 I I8 - 3 72 

Total 1 " "I " ' \ 1 . % 
P " \O V I702 oo ---I 0 CO - 0O 40 00% 
" 

V cc V3 P?~~~\-0 -P 00 

Table 8 is to be read as was Table 2. 

ANALYSIS OF ERRORS IN EXPERIMENT II: 

Table 8 presented the frequency of the substitution or interference 
of each name as a cause of error in naming each other figure. These 
data become clearer if analyzed into the categories of form and size. 
Table 9 presents the frequency of error segregated according to the 
four form categories. 
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TABLE 9 

DISTRIBUTION OF ERRORS ACCORDING TO FORM CATEGORY 

Stimulus Form Category of Error 
Form 

pof sEb grt lud 
no. ?/0 no. %/ no. %/o no. 0/0 Total 

pof 255 61 28 07 74 I8 63 15 420 
seb 42 I2 230 63 34 09 58 i6 364 
grC 93 I9 50 IO 214 44 127 26 484 
lud 74 20 49 I3 74 20 80o 48 377 
Total 464 357 396 428 I645 

Table 9 is to be read as was Table 3. 

In general, 55 ?/o of all errors made were attributable to the inter- 
ference of some other name within the same form-category as the figure 
on which the error was made. Stated in terms of probability, the 
chances were 5 5 out of 1oo that the error was the result of interference 
of some other member of the same form-category. Roughly, the 
chances were I5 out of ioo that the error was a result of the inter- 
ference of a member of any other specific form-category. These pro- 
portions did not apply to any of the specific form-categories. For 

example, 6I ?/o of the errors in naming figures of the pof-category 
were produced by other members of the same category; 7 ?/o by 
members of the seb-category; I8 %/0 by the grc-category and I5 o/o by 
the lud-category. However, the figures given above are averages for 
the errors on all four form-categories. 

A similar analysis of the errors on the basis of the size categories is 
given in Table Io. 

From the standpoint of the size category of the error, it may be seen 
that 56 O/ of all errors consisted of the substitution or interference of 
the name of a figure one size removed from that of the figure on 
which the error was made. In the case of the two larger sizes, the 
most frequent error was that of giving the name of a figure next 
smaller in size. For the two smaller sizes, interference of the next 

larger figure became the most common source of error. This was not 

strictly true, however, of the figures of the smallest size, tav, to which 
the most common error was the name of another figure of the same 
size. Taken as a whole, the chances were that an error made to any 
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TABLE I 

DISTRIBUTION OF ERRORS ACCORDING TO SIZE-CATEGORY 

Stimulus Size Category of Error 
Size 

vus nas (Ig tav 
no. 0/0 no. /0 no. ?0/ no. ?/0 

vus 31 07 261 59 119 27 28 o6 439 
nas 76 I5 135 27 235 48 48 o1 494 
Vg 47 IO 215 45 I40 30 72 15 474 

tav I9 08 40 17 70 29 I09 46 238 
Total 173 651 564 257 I645 

Table Io is to be read as was Table 9. 

figure would in 26 out of Ioo cases consist of the name of another 

figure of the same size as the one on which the error was made; 56 in 
1oo that the error would consist of the name of a figure next in size 
to that on which the error was made; about I6 in Ioo that the error 
would be two size-categories removed from the figure on which it was 
made; and 3 chances in 0oo that the error would be three size-categories 
away from the figure on which it was made. 

As with the classification on the basis of form, the errors on no one 
size agreed exactly with these averages. For instance, only 7 ?/o, 
instead of 26 0/o of the errors on the largest size, vus, were attributable 
to the interference of other figures of the same size; 59 0/%, instead ot 

56 ?/o, were produced by the next smaller size, nas. The figures two 
sizes away from the vus category, ~ig, produced 27 /o instead of 
16 ?/0; and the smallest figures, tav, produced 6 O/o instead of 3 O/o of 
the errors. Again the percentages quoted were simply averages for all 
sizes. 

The close agreement of these probabilities with those found in 

Experiment I suggests again that the errors were largely a function of 
the figures themselves and only secondarily of the names given to 
them. The type of language had but little effect on where the errors 
were made. It did affect the type of errors found. In the systematic 
language of the first experiment the errors consisted mainly of sub- 
stitutions of the associated name. In the language of Experiment II, 

given the same associations, the errors were much more apt to consist 
of mixtures and new forms. 
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To sum up the results of Tables 9 and o1, the most common type 
of error was the substitution or interference of a figure of the same 
form and of adjacent size to that of the figure on which the error was 
made. For example, the most common error made in naming the 

figure vuskof was the substitution of the name naspof; the most 
common error in naming the figure igssb was the substitution of the 
name sebnas; and similarly for the remaining figures. It would not 

necessarily be true that the variant responses would show the same 
tendencies as the substitutions. However, frequent examples of this 

tendency will be found in the analysis of the variant responses. The 
variants though, much more than the substitutions, were attributable 
to the interference of one of the unsystematic names of the language. 

RELATIONSHIP BETWEEN STIMULUS-NAME AND ASSOCIATE: 

The line labelled T in Figure 7 gives the total number of distinct 
stimulus-associate pairs in the successive association tests. The fact 
that this line has a negative slope indicates that as the experiment 
progressed there was a tendency for a specific name to be given more 
and more frequently as the response to a specific other name, used as 
a stimulus word in the association test. In other words, the associa- 
tions became more fixed. This was not found to be true in Experi- 
ment I, but in Experiment II the trend seemed to be moderately 
reliable. Statistically there were 96 chances in IOO that the difference 
between the end points of the curve was not due to chance. 

The remainder of Figure 7 analyses the associates according to their 

relationship with the stimulus-word. The associates might either be 
within the same form-category as the stimulus word, within the same 

size-category, or in neither. The associate could not be a member 
of both the form-category and the size-category characteristic of the 
stimulus, or it would be merely a repetition of the stimulus-word. 
While such repetitions were given in a few isolated cases, they were 
so few that they have been neglected in this analysis. From the 

slopes of the lines it may be seen that with practice there was a marked 

tendency to increase the associations within the same size-category 
and to decrease the associations within the same form-category as the 
stimulus. The tendency to give associates which differed in both 
categories from the stimulus name also decreased somewhat with prac- 
tice, but the decrease was not statistically reliable. The strength of 
the two categories, form and size, in producing associations, was about 

equal in the first association test. But in later tests the gap between 
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them became increasingly wider. This group tendency was more or 
less characteristic of seven ot the eight subjects. However, the remain- 

ing subject showed exactly the opposite tendency. With practically 
0oo 0/ frequency, her associated responses were within the same 

form-category as the stimulus-word. The other subjects, however, 
all agreed with the averages. 

RELATION BETWEEN ERRORS AND ASSOCIATES: 

Since analogic change has been attributed to the interference of 
associated words, an examination should be made of the relationship 
between the associates to a given name and the errors made in naming 
that figure. Such an analysis is made in Figure 8. As any error in 

naming a figure which can be traced to the influence of some other spe- 
cific figure may be as indicative of associative interference as are actual 
cases of analogic change, all errors have been included in this analysis. 

Various relationships were possible between the associates and the 
errors to a given figure. In the first place the associates and the 
errors might be identical. For example, when the figure neslud was 

presented it was sometimes called nasgrc. That, of course, was an 
error. If now nasgrc was a response to the stimulus-word neslud in 
an association-test, then the error and the associate corresponded iden- 

tically. In the second place, the associate and the error might cor- 

respond only in form or only in size, but not in both as the previous 
example did. If neslud were again sometimes called nasgrc and if 
sebnas or naspof or both were given as associates to neslud, then the 
error corresponded to the associates in size only. If vusgrc, riggrc, or 

tavgrc was an associate of neslud, and if nasgrc was a wrong response 
or error in naming neslud, then the error corresponded to the associate 
in form but not in size. The third possibility was to have no rela- 

tionship between errors and associates. If again nasgrc was a wrong 
response to neslud, but if neslud had no associates within either thenas 

(size) or the grc (form) categories, then there was no correspondence 
between the error and the associates. 

An examination of Figure 8 shows no consistent trends in the 

frequencies of any of these relationships between errors and associates. 
Those errors which corresponded identically with associates increased 
a very little from the first to the last of the experiment. The errors 
which corresponded to associates in form only decreased, while the 
errors which corresponded in size only to the associates showed a sta- 
tistically significant increase as the experiment progressed. The 
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errors which had no relationship with the associates ranged from 26 ?0/ 
in the first period, to 43 o/o in the second, and back to 23 o/o in the 
third. No explanation can be offered for these radical shifts. 

Supposedly association is the necessary antecedent of the devel- 

opment of errors. However, in neither this nor in the first experi- 
ment was there any very close agreement between the errors and the 
associations to a given figure. This fact might lead either to the con- 
clusion that formal association is not necessary for the development 
of errors, or that the association-test technique is not adequate as a 
measure of association. At best these data alone would not permit a 

highly accurate prediction of the specific effects nor of the extent of 
associative interference within this linguistic system. 

ANALYSIS OF VARIANT RESPONSES: 

In Tables II and I2 are presented the variant responses given in 

naming each of the figures. Table i gives the variants occurring 
during the first period; Table I2, the variants occurring after the 
first period was completed. The stimulus-figure, the variant response, 
the number of subjects giving each variant, and the total frequency of 
occurrence of each are given in the tables; as in the similar ones of 
the first experiment. Whenever possible the name of the figure which 
most probably interfered with the correct name to produce the new 
form is also given. In some cases the suggested cause is not a specific 
name, but a whole category, as for example, pof is listed as the most 

probable cause of the alteration of vuskof to vuspof. In this case pof 
was the regular name of that form and kof a deviate from it. The 

change to vuspof was probably influenced not by any specific name 

ending in pof, but by all of the rest of the pof category. In explain- 
ing the variants vussEb and nasssb the whole system is invoked. In 

making up the language these two names had arbitrarily had their 

syllable order reversed. As the remaining 14 names were of the 

syllable order size-form, it is probable that all were instrumental in 

producing this change in ssbvus and sEbnas to the syllable order 
characteristic of the remainder of the system. In a few cases words 
are underlined in the final column of the table. These names were not 

properly a part of the system, but were variants made by the subjects 
which then seemed to influence other members of the system. For 

example vusseb was produced by changing the syllable order of sEbvus. 
This new form in turn influenced nasseb, which was also formed by 
changing the syllable order, to produce the new variant nusssb. 
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TABLE II 

VARIANT RESPONSES 

Correct Variant 

Response Response 

vuskof vuspof 
vusgof 
vaskof 
vuwspof 

naspof nespof 
neskof 
natskof 
na0pof 
nap/of 
vaspof 

JI0pof Kigpof 
Ziykof 
irgkof 

qv~puf 
sigpof 
{ iglbf 
~Igtqf 
(Iv tof 

tavpof taviof 
pavlof 
tav/f 
tafpof 
pavlav 
tapof 
pad/of 
tavpoe~ 

sd,vus VUSSCb 
ssdvus 
frbvus 
Zpsbvuws 
ssq:vus 
buwssb 

sebnaw nasssb 

naszeb 
nassb 
nuss Eb 

GIVEN IN THE 

No. of 

Subjects 

5 
I 

I 

I 

4 
I 

I 

I 

I 

I 

7 
2 

2 

2 

I 

I 

I 

I 

2 

2 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

7 
I 

I 

I 

FIRST PERIOD 

Freq. 

II 

I 

I 

I 

7 
2 

2 

I 

I 

I 

42 
6 

3 
2 

I 

I 

I 

I 

8 

4 
2 

2 

I 

I 

I 

I 

'3 
2 

I 

I 

I 

I 

26 

I 

I 

I 

OF EXPERIMENT II 

Most Probable 

Interfering Cause 

-pof 

vusgre' 
naspof 

nes/ud 

neslud, vuskof 
vuskof 

vuskof 

vuskof 
{ig-, vuskoj 
-lud 

Ziglod 
Kiggr& 
tavlud 
taviud 

igl'd 

tavgrc" 
The entire system 

The entire system 

and vus5ib 
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Correct Variant 
Response Response 

z.s-bnas 
Zigseb Zi~szcb 

~ igs sd- 

tavseb tav~,s:b 
tafs eb 
tavsed 

vusgrc vuwsgri 
vWsg ri 
vosgn5 
vasgrtc 
nusgre~ 
huwsgrce 

nasgric nesgrc 
nusgrc 
fasgre 
nogrts 
,nosgric 
nadsgre 

siggre 
Zidgr& 
vigtof 

~igkr[' 
sIvigrtc 

tavgrc- pavgre 
tafg,d 
pavgrts 
tasgric 
tavg-7 

vuslud lusguv 
vaslud 
nuslud 

neslud naslud 
nasluv 

STRUCTURE 

No. of 
Subjects 

I 

6 
I 

I 

3 
I 

I 

I 

I 

I 

I 

I 

I 

4 
2 

I 

I 

I 

I 

7 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

6 
I 

AND ASSOC. INTERFERENCE 

Freq. 

I 

'7 
I 

I 

8 
I 

I 

5 
3 
I 

I 

I 

I 

26 

3 
I 

I 

I 

I 

'4 
2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

30 
I 

45 

Most Probable 
Interfering Cause 

ZIIpof 

-pof 

-pof 
nasgri' 
nasgri 

neslud 
vusgrc 
vusgr[ 
-pof 

-ipof 

-lud 

zIuzPof, ziglkd 
vuskof 

zI?1pof 
<I?lPOf 
-pof 
-pof 
-pof 
nasgric 
{sgkd 
vusgri- 
naslud 
neslud 
nas- 
nas- 
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Correct Variant No. of 

Response Response Subjects 

naslls 

nasgud 
nuslud 

nislig 
nusgud 
nrsgud 

-iglad -iglud 

;iulud 
Uzgl,f 
;(blud 
zla.Iid 
~ifpud 
~ignub 
Kablod 
;iVhuf 
;igblud 

tavlud tavlid 
txvl3d 
tavluv 

pavluv 
tavluf 
savlud 
tavlav 

I 

I 

I 

I 

I 

4 
4 
3 
I 

2 

I 

I 

I 

I 

I 

I 

2 

I 

I 

I 

I 

I 

I 

Freq. 

I 

I 

1 
I 
I 

I 

I7 

4 
2 

I 

I 

I 

I 

I 

5 
3 

2 

I 

I 

I 

Most Probable 

Interfering Cause 

inas- 

nasgrc 
vzslud 

~zg- 

vusgrc 
vusgrc 
-lud 

{~rpof 
;iypof, -lud 
-pof 

pof, -lud vsopof, -lud 
-lud 
-ssb 

;x~pof 
-lud 

iglad 

-pof 
tavpof 
naslud 
tav 

In general, even in the variants occurring during the first period, 
in which responses were very unstable and apt to deviate rather widely 
from the correct form, there were marked tendencies for the variants 
to be of the type which, if they became permanent, would introduce 

greater regularity into the system. The variants to the figure uigl3d 
may be used as an illustration. The most common variant was 

;iglud. Since lud was the general form-name of the category of 
which uigld was a member, a change to riglud would have made that 

form-category a perfectly regular one. The second most common 
variant was zVll3d. This change again was in the direction of increas- 
ed regularity. True, sig was the general name of the size category 
of which the figure was a member, but the name UiV showed marked 
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tendencies to replace it. And if it had done so, that size-category 
would have become perfectly systematic. The question of the correct 
name of the category was only a relative one. Three of the figures 
were given names beginning with gig; the fourth one, IJ. Either 
of these might replace the other and become the perfectly regular name 
of that size. The fact that in naming the figures originally the 

syllable <ig was used three times and the syllable irj only once was an 

arbitrary matter. Either might, for any subject, become the correct 
and characteristic name of that size-category. And there was evidence 
of tendencies to make both of them the regular name. ;Igpof was 
substituted for :i7pof over 40 times. This was a change in the 
direction of increased regularity. But an approximately equal number 
of times the other names which began with Uig were changed to ZIy. 
And this too was a change in the direction of increased regularity. 
If the experiment had gone on long enough it is entirely possible that 
one of them would have become the only name applied to that size. 
The other would, for those subjects who made the change, have been 

completely lost. It is certain that the variants given during the 

succeeding portion of the experiment showed an increasing tendency 
for both of these changes to occur. 

In describing the changes introduced into this language by the 

subjects as reversions to its previously systematic form, nothing of 

explanation is to be implied. The term is used in a purely descriptive 
sense. The fact that the language was simplified and regularized by 
the subjects is important. The fact that this new and simplified lan- 

guage sometimes approximated the language as it existed prior to the 

arbitrary introduction of alterations in it seems to be purely adven- 
titious. Probably the extent to which the language ' reverted' to its 
unaltered form was a function of the amount of alteration. What the 
alterations were, or what the language was before it was altered, the 

subjects never knew. The fact that the subjects did make changes 
which systematized the language was independent of the fact that these 

changes, unknown to the subjects, made the language revert to an 
earlier form. In order to avoid any possible misunderstanding, the 
term reversion, even in its descriptive sense, has been avoided when- 
ever possible. 

Taking only those names which had arbitrarily been altered from 
their systematic form, considerably greater tendencies toward analogic 
change were found in the first syllable of a word than in the second. 
Of the four names which had one speech sound altered, two had the 
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change made in the first, and two in the second syllable. During the 
first period the two which were altered in the first syllable had a total 
of 94 variants of which 8I were in the direction of increased regular- 
ity. The two names which had alterations in the second syllable 
had a total of 57 variants of which 36 increased the systematic nature 
of the language. In general the tendency toward analogic change 
was about twice as strong for sounds occurring in the first syllable as 
for sounds in the second. 

A total of 71 variants were made to the two names in which a 
consonant had been altered. Of these, 60 consisted of substitutions 
of the consonant found in the remainder of the category. Seventy- 
nine variants were given to the two figures in which a vowel had been 
altered, in 56 of which the change made the syllable conform to that 
of the remainder of the category. There is here no evidence as to 
the relative strength of vowels and consonants in either resisting or 
following the course of analogic change. 

Two of the six alterations in the form of the names consisted in 
reversing the syllable-order from that of the remainder of the system. 
A total of 49 variants were made to these two figures, of which 43 
consisted of a change to the normal syllable-order. The syllable-order 
size-form so far outweighed that of form-size (14 to 2) that perhaps 
very little tendency for the order form-size to become characteristic 
was to have been expected. Certainly very little was found. There 
were only two variants which could possibly have been interpreted as 
showing a change to the syllable order form-size. And these may 
or may not have been that. Both were combinations which were 
given once each, but which did in the first syllable contain some, but 
not all, of the sounds which should have been in the last. 

In Table 12, data similar to those of Table I I are given except that 
the variants were given after the completion of the first period. In 
general the type of variants of such later occurrence tended merely to 
confirm the tendencies manifested in the earlier part of the experiment. 
In every case where that was possible the most common variant to a 
given figure was of such a nature as to increase the regularity of the 
system. There was, thus, a tendency for all six altered names to be 
changed so as to increase the systematic nature of the language. There 
were also tendencies for some of these altered names to draw the 
remainder of the system to them. As pointed out before, this too 
would have served to increase the regularity of the linguistic system. 

The errors occurring during the early stages of the experiment gave 
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TABLE J2 

VARIANT RESPONSES AFTER PERIOD I IN EXPERIMENT II 

Correct Variant 

Response Response 

vuskof vuspof 
vaskof 
vaspof 
vusnes 

vuwslof 
vuwspof 
vusgof 

naspof nespof 
naskof 
vaspof 
baskof 
nesgof 
nasgof 

,lpof Ilgpof 
Xiykof 
lIgkof 
Xjvkof 
siTpof 
sigkof 
1Iggof 

tavpof tavgof 
tavkof 
tavhof 
tavgot 
tavlof 
tavpot 

ssbvus vusseb 
sxdvus 

sexvuws 
ssbnas nasseb 

nesseb 

sebnes 
ssbnus 
s bnud 

No. of 

Subjects 

4 
I 

I 

I 

I 

I 

I 

6 
2 

I 

I 

I 

I 

7 
2 

2 

2 

I 

I 

I 

I 

4 
I 

I 

I 

I 

7 
I 

I 

7 
4 

I 

I 

I 

Freq. 

I9 
3 
2 

I 

I 

I 

I 

20 

6 
I 

I 

I 

I 

66 

9 
6 
2 

I 

I 

I 

9 

4 
2 

I 

I 

1 

30 
2 

I 

47 
6 

I 
I 

I 

Most Probable 

Interfering Cause 

-pof 
naspof 
naspof 
neslud 
vuslud 

-pof 
vusgrc 
neslud 

vuskof 
vuskof 
vuskof 
neslud, nasgrc 
vuskof 
Ig- 

vuskof 
-ig-, vuskof 
vuskof 

Xig-, vuskof 
iggrc 

tavgre 
vuskof 

tavgrc 
tavlud 

tavgrt 
The entire system 

The entire system 
The entire system, 

neslud 
neslud 
ssbvus 

stbvus 
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Correct Variant 

Response Response 

sednas 

~Igseb rsIJEb 

KIgseb 

tavsab tavZeb 
vufsgr~ vasgrc 

vwsgrc 
vusgif 

nasgri nesgre 
vasgrt 
nasgre 
rnzsgrc 
nasgrf 

{xggrt Xi,gri 

siygre sIy?rE 
tavgre txvgrc 
vuslud vusld 

vuwslud 
neslud naslud 

nasld 
nsslud 
naislud 
nesl4d 

;Igl3d ziglud 

'IMlud 
sigl4d 

;(Iyloid 
tavlud tavld 

tmvlad 

taflud 

No. of 

Subjects 

I 

4 
3 
I 

I 

I 

I 

I 

7 
I 

I 

I 

I 

6 
I 

I 

I 

2 

I 

6 
I 

I 

I 

I 

4 
5 
2 

2 

I 

I 

2 

I 

I 

Freq. 

I 

I0 

4 
I 

I 

6 

4 
I 

48 
2 

I 

I 

I 

22 

4 
I 

I 

2 

I 

49 
I 

I 

I 

I 

26 

x 5 
5 
S 
3 
I 

I 

3 
2 

I 

Most Probable 

Interfering Cause 

zi,zpof 

nasgrie 
uigbd 
zygld, vuskol 
neslud 

vusgrd 
nesgr&, -ssb 

Umpof 

2IvpOf 

nas- 

nas-, iglbd 
ssbnas 

xiglod 
-lud 

UIvpof 
<iypof, -lud 

{i1vpof 
XI9pof 
xigl2d 
lgbd 

-pof 

a good prediction of the type of changes made later. Again many 
more changes were found in the first syllable than in the second. 
The two names which had alterations made in the first syllable showed 
a total of I39 variants, 124 of which increased the regularity of the 
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language. The two names altered in the second syllable showed a 
total of 79 variants, of which 53 were in the direction of increased 

regularity. There was then a very clear tendency for changes to occur 
more frequently in the first syllable than in the last. 

Again the difference between vowels and consonants was not large. 
One hundred and four variants were given to the two words in which 
a vowel had been altered. Of these, 8I consisted of the substitution 
of the vowel characteristic of that category. One hundred and fourteen 
variants were given to the two names in which a consonant had been 
altered, of which 96 were substitutions of the characteristic consonant. 
The difference between the two is not statistically significant. Again 
nothing can be said relative to the susceptibility of vowels and conso- 
nants to analogic change, except that this experiment agrees with the 
historical information that both vowels and consonants take part in 

analogic change to about the same extent. 
On the two names in which the syllable order had been reversed 

there was a total of 9I variants of which 83 consisted of changes to 
the normal syllable-order. There were no examples of any of the 
other names being altered to conform to this unusual syllable-order. 

Not the most common cause of all errors, but the most frequent 
cause of analogic changes, was the interference of another figure of 
the same size but of other form than the stimulus-figure. Only in 
this respect was there a lack ot close agreement between the relative 

frequencies of the two kinds of error, substitutions and actual changes. 
In other respects the amount and location of substitution predicted 
fairly well the subsequent development of analogic change. When 
the fact that figures of the same size as the stimulus-figure were the 
most frequent cause of analogic change is compared with the fact that 
the associations to a given name were predominantly drawn from the 
other figures of the same size, some evidence is seen for the statement 
that analogic change is a product of the interference of associated 
words. Even though the most frequent associations did not consist- 
ently lead to the most errors, they did lead to the most frequent 
actual changes. 

RETENTION OF THE LANGUAGE: 

Thirty-eight days after the completion of the experiment all subjects 
were recalled for one day and given six R series to test their retention 
of the language, and to determine what effect such a period of no 
practice would have on the type of errors that they would make. 

I 



LANGUAGE MONOGRAPH NO. II, 1932 

In general the retention was very good. Out of 778 presentations 
of figures the group as a whole made 123 errors and failed to give 
any name 26 times. Thus in more than 8oo/o of the cases the figures 
were named correctly. Of the I23 errors, 62 were made on the six 

irregular or unsystematically named figures and 6 on the ten perfectly 
regular ones. Of the omissions, 12 were made on the six irregular, 
and 14 on the ten regular figures. Seventy-five of the errors 
consisted of giving the name of some other figure. Thirty-two errors 
consisted of altering the six irregular names to make them conform 
to the systematic arrangement, and seven altered some one of the ten 

systematic names to make them conform to the pattern set by one of 
the irregular ones. The remaining nine errors consisted of part names, 
or mixtures unclassifiable under any of the above headings. 

In summary then, five and one half weeks after it was last used, 
the language was employed properly 80oo/ of the time. The 200/0 
of errors consisted primarily of substitutions of names of other figures. 
The other errors were of the same types that had been consistently 
made during the experiment, that is, they were changes in the 
direction of increased systematization. 

SUMMARY OF EXPERIMENT II: 

The language used in this experiment was basically a systematic one 
with specific names for each of the form and size categories. The 
names of six of the figures were, however, altered from their syste- 
matic form. Two of these changes consisted of a vowel change and 
two of a consonant change. Two of the changes were a reversal of 

syllable-order. One complete form-category and one complete size- 

category were left unaltered. The six changes were distributed evenly 
among the three remaining size-categories and the three remaining 
form-categories. 

With such a linguistic system, learning was much slower than that 
found in the first experiment. The point at which all figures were 
named correctly was reached only after more than twice as much 

practice as was necessary for the systematic language of Experiment I. 
The learning curve was still, however, an S-shaped one, but with a 
low inflection point. 

A much greater tendency toward analogic change was demonstrated 
in this language than in the systematic one of the first experiment. 
This was evident not only during the learning period, but became 

increasingly so as practice continued. A comparison of the types of 
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errors made on the two languages showed that in the highly systematic 
one any tendencies toward associative interference were manifested 
by the misuse of names, giving the name of an associated figure. In 
the less systematic language the same trends were expressed in the 
form of variants or mixtures resulting from a combination of the 
correct and the associated names. 

The changes made were predominantly of two types. The most 
common type of change was that which would serve to make the six 
altered names conform to the systematic arrangement of the remainder 
of the language. The next most common type of change was that 
which would serve to make the remaining members of the language 
conform to the pattern set by the altered names. Either of these types 
of change, if allowed to progress far enough, would have made the 
language into a perfectly systematic one. 

There were approximately twice as many examples of analogic change 
occurring in the first syllable as in the second. This was true whether 
the altered sound was a vowel or a consonant. 

At least with this language there were only insignificant differences 
in the tendency toward analogic change as shown in vowels and 
consonants. 

While the two names in which the syllable order had been reversed 
were continually re-reversed, thus again making them comply with 
the normal syllable-order, there was no apparent tendency to make 
the syllable order of the 14 remaining names conform to that of the 
two which had been altered. 

The types of change which occurred early in the learning process 
were highly predictive of the types which occurred after considerable 
practice. 

There is further substantiation of the explanation of analogy as 
being due to associative interference in that the trends of association 
and of analogic change were quite parallel throughout the experiment, 
both as to frequency and as to fixity, and in relation to the category 
from which the associates and the errors to a given word were drawn. 
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V. CONCLUSIONS 

Two types of artificial linguistic structures were taught to two sepa- 
rate groups. Records of the rate of learning and of the errors made 
in using the languages both during and after the learning period 
suggest the tollowing points: 

I. The systematic language was learned in approximately half the 
time necessary for learning the unsystematic language. 

2. In both languages the associations followed the categories of 
size more closely than those of form. 

3. The most common type of error, including both substitutions 
and actual changes, in both languages consisted of the interference of 
the name of the figures of the same form and of adjacent sizes. The 
second most frequent type of error consisted of the interference of 
names from the same size category. 

4. While the associations and the general distribution of errors 
were very similar in the two languages, the type of error differed. 
In the systematic language any tendencies toward associative interfer- 
ence were manifested by the substitution of the associated name. In 
the unsystematic language such associative interference was much more 

apt to be expressed in actual changes or mixtures of the names. 
This leads to the conclusion that while association may be a necessary 
antecedent of analogic change, it is not a sufficient cause. Whether 
or not a given association will result in actual change seems to be a 
function also of the nature of the names involved and of their syste- 
matic relation to the structure of the language. 

5. The analogic changes which developed in the unsystematic 
language were predominantly of the type which reduced the language 
to a more systematic basis. 

6. In both languages the errors made during the learning period 
were highly predictive of later errors. In other words those figures 
which at first were most subject to confusion and were most difficult 
to learn, later were most apt to have their names altered by the 

process of associative interference. 
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APPENDIX 

The values of the phonetic symbols used in this treatise are expressed 
by the pronunciation of the italicized letters in the following words: 

p pet m man 
b bet n not 
t tip y sing 
d dip r urn 
k kid i sleep 
g get I slip 
c choke e fate 

f fat e pet 
v vat x hat 
0 think a father 
Q this v all 
s son o coat 

f shun u good 

X {eal uw moon 

3 azure a the 
h hat a. but 
I lap 
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