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PREFACE

The following experimental study of the acquisition
of skill in the use of the typewriter was begun in the
psvchological laboratory of Clark University under the
direction of Edmund C. Sanford and completed at the
University of Montana where the writer was professor
of psvchology from 1906 to 1912. The results of this
investigation were originally published by the Univer-
sity of Montana as Volume I of the Studies in Psychol-
ogyv, December, 1908. The entire edition of the work
was, however, exhausted within two vears. Meanwhile
there has been a steady demand for the book. Calls
for the report from University libranans, professors of
psvchology, and teachers in all parts of the world have
increased rather than diminished since the first edition
was exhausted. Because of this constant and growing
interest in the report, and in the acquisition of skill in
general, and in typewriting in particular, and because
the investigation gives a concrete example of a method
and technique which the author believes should be
more generally used in psychological research, and be-
cause the report contains data that are of permanent
value for students of psychology, teachers, and all psy-
chologists interested in the scientific study of the learn-
ing process, the author has decided to republish the
study i 1ts ornginal form.

In this second edition no changes have been made
from the original text except to renumber the chapters
and some of the sectional headings to make the contents
of the book more readily accessible to those desiring to

i
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use it for reference or special study in classes in general
and educational psvchology.

The author wishes to express his appreciation of the
courtesy extended him by the President and authorities
of the University of Montana for their permission to re-
publish this work, making 1t available to all who have
called for 1t in the past and to those who are interested in
the psychology and pedagogy of skill and in the scientific
study of learning in general or of learning to typewrite
in particular.

Indiana University, WiLriam F. Book.
February, 1925
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THE PSYCHOLOGY OF SKILL

Wit SpeciAL REFERENCE TO I1TS ACQUISITION
IN TYPEWRITING'

CHAPTER 1

THE PROBLEM, AIM, AND METHOD OF
THE INVESTIGATION

I. PROBLEM

In making this study of the acquisition of skill a
double purpose was kept constantly in mind: (1) To
obtain for each of the learners taking part in the study
a practice or learning curve which should accurately
represent his progress; and (2) to obtain from his self-
observations and from objective records of his writing

This study was begun in the Psychological Laboratory of
Clark Unntrs;t‘p, under the dlrectmn of Piof. E. C. banfnrd
All but the Memory test experiments were made in that
laboratory and the writer takes great pleasure in acknowl-
edging hlb obligation to Dr. Sanford for the many helpful
suggestions which he so generously and willingly gave, for
constant encouragement and innumerable kindnesses ex-
tended during the time this study was being carried on, and
for his criticism of the entire manuscript. He also wishes to
acknowledge his indebtedness to Dr. F. Kuhlmann for help-
ful suggestions in planning the study and help in devising
apparatus. The writer is also indebted to Dr. Louis N.
Wilson, Librarian of Clark University, for placing at his dis-
posal many Jmnnala and books otherwise in accessible, and
to the University of Montana for providing every other neces-
sary means for completing the work.



2 THE PSYCHOLOGY OF SKILL

such data as would make possible the explanation of
his curves.

Few systematic attempts have been made to deter-
mine and describe completely the psycho-physical hab-
its of every kind and order involved in the acquisition
of any special skill. And, so far as the writer is aware,
no attempt has been made to determine just how these
habits are acquired in the learning act. We do not
know hozw any special school subject 1s actually learned
or how any specihc skill 1s acquired because no com-
plete psychological history of their learning has been
recorded. The admirable studies of learning by Bryan
and Harter,' Johnson,* Swift,® Bair,® Raif,> Ebert and
Meumann,® and others have, for various reasons, been
incomplete in this respect.

The present study 1s an attempt to determine all that
took place on the conscious side as skill in typewriting
was acquired. Our purpose was to ascertain the habits

1 Studies in the Physiology and Psychology of the Tele-
graphic Language, Psy. Rev., Vol. IV, 1897, p. 27. Psy. Rev.,
Vol. VI, 1899, p. 345.

? Researches in Practice and Habit. Studies from Yale
Psychological Laboratory, Vol. V1, 1898, p. 51.

3 Studies in the Psychology and Physiology of Learning.
Am. Jour. Psy., Vol. XIV, 1903, p. 201. The Acquisition
of Skill in Typewriting, Psy. Bull, Vol. 1, 1904, p. 295.
Beginning a Language. Garman Memorial Volume of
Studies in Philosophy and Psychology, Boston, 1906, pp.

297-313. : e
i The Practice Curve. Psy. Rev. Mon. Suppl., Vol. V,

1502, pp. 1-70. o

* Uber Fingerfertigkeit beim Clavirspiel. Zeit. f. Psycho-
logic und Physiologie der Sinnes Organum, Vol. XXI1V, pp.
352-357.
J:h.-.[}i'}:ﬁil' einige Grundfragen der Psychologie der Ubungs-
phanomene im Bereich des Gedachtmsses.  Archiv fur die
Gesamte Psychologie, Vol. 1V, 1904, pp. 1-232.
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of every kind and grade involved in its mastery, to find
out how these associations naturally formed and de-
veloped in the course of the learning, to discover and
describe the factors and phenomena that helped or hin-
dered their organization and growth—in a word we
tried to delineate accurately and completely, by means
of systematic observations (guided and verihed by mea-
surable objective data) the path or paths which certain
learners took in coming into possession of the skill of
an expert typist.

For such an introspeciive study of learning previous
mvestigations have prepared the way. In asking oper-
ators ‘“‘to what their attention had been directed at
different stages of ethciency, how far they could copy
behind, what thev did when special difhculties oc-
curred,’etc., Bryan and Harter showed thattheyalready
keenly felt the need of a more purely psvchological
method of getting at the facts relating to learning. In
a more recent study of the effects of practice in the
realm of memory (Archiv fur die Gesamte Psychologie,
Vol. 1V, 1904, pp. 1-232), Ebert and Meumann got
careful observations from their learners on the causes
for memorv improvement. They compared the total
psvchic factors involved in the memory act of the early
stages of practice with the factors involved in the later
stages and had their subjects make careful observations
on their method of reading, learning and reproducing
the matenal learned, with the view of determining the
exact effects of practice on all these phenomena. Leuba
in a study of “Learning to Make Hand Movements”
(Psy. Rev., Vol. XII, Nov. 1905, pp. 353-357) carefully
analyzed the psycho-physical processes involved in the
learning but did not state how these associations were
acquired. Cleveland in attempting *““to sketch the psy-
chology of the game of chess and to trace the stages
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in the development of the chess player” (Am. Jour.
Psy., Vol. XVIII, July 1907, p. 270) has attempted to
do for chess more nearly what 1s undertaken for type-
writing 1n the present study. But as one of his review-
ers says: ‘‘The study does not give in sufficient detail
the factors of the learning process which are peculiar
to chess™ (Psy. Bull., July 15, 1908, p. 236). We need
to know more specifically all that learning means on its
psychological side, to get complete and reliable psycho-
logical records of the entire process of learning as it
actually works 1tself out in the various helds of acqui-
sitton and learning, so that we may know how the
various forms of skill may be most successfully and eco-
nomically acquired and the various school subjects
most economically learned and taught.

That our task in carrying out such a program for
even a single kind of learning is difficult no one can
realize better than the writer; how far he has succeeded
the reader will judge for hlmseif. Within the limits of
his capacity and the facilities at his disposal he has
done his best to make his picture complete. The effort
for completeness has involved, almost unavoidably, a
certain amount of repetition and sometimes the state-
ment of facts of common knowledge. Both of these
the writer has, however, reduced as much as he was
able and would respectfully refer readers who find these
tedious to the summary with which the study concludes.

2. METHODS EMPLOYED

(1) Apparatus and Learners

Apparatus.—Since our aim was to secure learning
curves explicable in detail by checked introspections,
we had need first of an accurate record of what each
learner did while at the typewriter, and second of a
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systematic procedure in making and recording his intro-
spections. | he first was obtained by means of elec-
trical connections between the machine and three De-
prez markers writing upon a kymograph drum in such
a way that everything the subject did on the machine
was recorded. Every time he struck a letter (“a,” Fig.
1), every time a word was hmished (“b,” Fig. 1), or
the carriage moved back for beginning a line (“c
Fig. 1), the fact was recorded so that the time consumed
in the performance as well as the manner of 1ts execu-
tion could be determined from the record.! By means
of a switch key attached to one of the markers and con-
trolled by the experimenter the number of times the
learner had to look at the copy as well as the actual
amount of time spent in fixing it in memory was like-
wise recorded (““d,” Fig. 1). All apparatus was placed
on a separate table nine feet away and carefully screened
from the learner’s view.

But these records of the writing proved insufficient
for supplementing and checking the learners’ introspec-
tions. After some weeks of experimenting on X it was
found by introspection that the amount of effort put
into the work varnied from day to day, even during the
course of a single test. A maximum degree of effort
could seemingly not be kept up. How hard and suc-
cessfully a learner tried depended upon many factors,
most of which were too subtle for observation. Some

' A Jaquet’s chronometer was used to mark the time on
the drum. This time record enabled us to compare the
amounts written in the several minutes of all the tests and
to correlate the same with the pulse rate. The drum records
of the writing for every test were divided into minute periods
by piercing the records with a pin, the written copy divided
so as to show the amount written 1n each minute of all the
tests and the results compared (see table 1V, facing p. 168).
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objective index of these variations in effort was obvi-
ously desirable.

It was thought that a pulse record, though not all
that could be desired for such a purpose, might give a
fairly reliable measure of whatever fluctuations in ef-
fort might occur.! With the view of testing this hy-
pothesis and with the hope of getfing a reliable index
of these variations in attention and effort, an apparatus
was devised for getting a continuous pulse record from
the learners as they worked. Two small tambours,
made in the laboratory, with round cork points ce-
mented to the centers of their rubber surfaces, were
placed so as to receive the pulsations of the temporal
artery in front of each ear. By means of a specially
designed cloth cap and sharp pointed plates soldered
on the backs of the tambours the latter were so hghtly
and securely held in place on the arteries that no move-
ment of the head or body, which occurred during the
writing, interfered with their functioning. These re-
ceiving tambours were connected by means of rubber
and glass tubes to a third tambour which inscribed a
pulse curve beside the record of the writing on the
drum (“f””in Fig. 1). With this apparatus, writing and
pulse records were taken at every subsequent test for
all the learners.

To get a reliable norm for measuring the amount of
variation in pulse caused by the work, the following
method was employed: A careful count of the pulse
was taken each day after the subject had seated himself
ready for work and been quiet long enough, supposedly,
to reduce his heart beat to normal. In general five

1 As will be seen from the tabular data given in the note
on page 14, the practice of Y and Z did not begin until the
practice of X was well under way, so that complete pulse
records were obtained for all the learners except X.
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minutes were allowed. Enough counts were then taken
(the pulse being counted by the experimenter at the
wrist) to insure that the rate recorded as normal was
really a normal pulse. After the hrst two or three

a
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Fia. 3, QI'JIT]]'.'IL‘ performance record taken on a Kymograph
drum for cach learner in every test. The record shows the
character of the total performance of the subject including
a record of the nf:l!\mg_, pulse. Every time he made a letter
on the machine “a,” hnished a word by striking the space
bar “b,” or returned the carriage at the end of a line “¢,’
the time spent in getting the copy “d,” and a record of his
working pulse “f,”” it was recorded on the drum record.

weeks’ practice, when this method was being perfected,
no hgures were recorded as a normal pulse unless the
experimenter had gotten the same result in at least two
half minute counts in succession, a minute or two being
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allowed between counts. In the rare cases where a
vartation occurred in the final counts the average of
the last two or three counts was recorded as the normal
pulse. But with all these precautions and notwith-
standing the fact that the two last counts generally
agreed, we can, of course, not be sure than an ubﬁolutely
normal pulse was obtained each day. The average rise
of the working over the normal pulse for any particular
minute or day 1s, therefore, not an absolute measure
of the vanability occasioned by the work. But with
the precautions taken, the precision 1s judged ampl}?
sufficient for every use made of the pulse records in
this study.

The typewriter used throughout the experiment was
an Underwood machine having the “universal key-
board™ and visible writing. During the earlier experi-
ments a No. 4 machine was used, later a No. 5. The
slight differences between the machines were, for our
purpose, unessential. With both machines it was neces-
sary for making capital letters and certain marks of
punctuation to press a ‘‘shift key’” which shightly raised
the carriage, a fact taken into account when measuring
the amount of work done for any minute or test (com-
pare p. 19). No change of paper was required for any
of the tests, the sheets receiving the writing being regu-
larly lengthened as the learners’ skill increased.

All regular tests were executed 1n the presence of an
experimenter who looked after the apparatus and made,
during the test, such notes of the learner’s general be-
havior as seemed desirable or signihcant. For all the
tests made on Y and Z and the tests made on all
special subjects, the writer served in the role of experi-
menter, for all tests made upon the writer, Y acted as
experimenter,

Learners—Eleven subjects took part in the experi-
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ment, three regular learners, X, Y and Z, three profes-
sional typists, four beginners and a typewriting expert.
Of the regular learners X first learned to write by the
sight method and afterwards by the touch method; Y,
who could write at a slow amateur rate by the sight
method when the experiment began, learned to write
by touch; Z, who had never used a typewriter at all
when his practice began, learned to write by the sight
method. Y and Z were selected for regular learners
because of their special psychological training and past
drill in introspection, and because they were so situ-
ated that they could give all the time needed to the
experiment. Four other subjects who knew nothing
about typewriting were taken through the earlier stages
of the learning (two for each mf.tlmd}, after the experi-
ment was well under w ay, with the view of determining
still more accurately just how the earliest writing was
done and how the hrst steps of improvement were
made. Introspections and a number of records were
also obtained from three professional typists (two sight
writers and one touch writer), who possessed a greater
degree of skill than that acquired by any of the regular
learners. Careful introspections and a number of rec-
ords were also gotten from Miss Carrington, a finished
expert.! By the help of the records and observations of

I'The two sight writers could copy at an average rate of
40 to 45 words per minute; the touch writer could write
5o words a minute; Miss Carrington, who won the medal
at both the Buffalo and St. Lows Expositions for being the
fastest and most expert typist up to those dates, could easily
write from any kind of straight copy 70 umds per minute.
She had won several international contests in blindfold ty pe-
writing, and up to March, 1906, was the champion typist of
the world. On that date the world’s record was |1r{}l:v|g h".r'
Miss Rose 1. Fritz of New York, who made in an hour’s
test a n-cnrd of 3857 words UH‘ILLTI\, written.  Compare on
this point “Learning to Typewrite,” by W. F. Book, espe-
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these special subjects the history of the learning process
was followed from the beginning to the most expert
stage.

As far as possible the learners were kept ignorant of
their scores because 1t was feared that a knowledge of
their score might prejudice their daily observations.
They might unconsciously be tryving.to find reasons
for their slow or rapid improvement instead of observ-
ihg what was actually taking place in consciousness.
All they knew about their score was what they could
learn by glancing at their written page when the test
was fhnished, a regular habit for the period when im-
provement was rapid and steady, but no longer reported
in the experimenter’s notes when the pages began to
look so much alike that it was well nigh impossible to
tell by inspection whether a higher or lower score had
been made.

(2) General Procedure and Program for Introspection

a. Experiments on the Sight Method.—As already
stated both methods of learning, the so-called Sight
Method and the Touch Method, were studied.! In the
S. M. learning two subjects, X and Z, neither of whom
had ever used a typewriter before, co-operated. After
a few general directions as to what they should do they
were given their first practice and test. A half hour’s
test was taken each day. At the close of the hrst and

cially Chapter IX, The Gregg Pub. Co., New York and
London.

The writer gladly takes this opportunmity to express his
grateful obligation to Miss Carrington and his other subjects,
especially to Dr. F. Kuhlmann and to Dr. E. Conradi, who
filled with all patience the long and fatiguing role of learners.

! Hereafter instead of the words “Sight Method” and
“Touch Method” their initial letters, 5. M. and T. M. will
be used.
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second ten minutes of the test, “time " was called by the
experimenter, the learner marking the close of the ten
minute period by striking three times a certain key
so that the amounts written 1n each third of the tests
might be compared. These half hour sessions continued
in the case of X through 174 consecutive days of prac-
tice, Dec. 19, 1904, to June 22, 1905; for Z through 86
actual practice days, Mar. 14, 1905, to June 22, 19035."

'Owing to trouble with apparatus, sickness and other
unavoidable causes sessions had to be omitted for X on
Dec. 24 and 235, Jan. 28, 29 and 30, Feb. 15, Mar. 25, May 25,
and June 9. For Z on Mar. 19, Apr. 23 and 30, May 7, 16
and 23, June 1-5, 11 and 18.

In order to facilitate reference the chief dates in the history
of the experiment are given in tabular form below:

TABLE 1
Kfruf, .-fuwu':ri", and Time uf Practice _.IrrJr All Learners
EEGULAR WRITING

|
p | : Total | Length of | Method Date of be-
S‘:t{' r:ﬂ}'f:’ie | PEL;:}W No. of | practice | of study ginning of
JECHE | il E tests | period used pulze record
x Dee. 19, ‘o4 ! June 22, ‘o3 174 gominutes | S, M. | Feh. 16, "os
X Now. 17, "os | Jan. 1%, "00 G0 1o minutes | T. M. | No pulse record
taken
Y Mar. 1, '05 | July 20, '05| 130 | 10ominutes | T. M. | Mar. 1, "o5
& Mar. 14, "05 | June 22, ‘03 86 iominutes | 5. M. | Mar. 15, ‘o3
PRACTICE SENTENCE WRITING
[ |
b Jan. 1, 'og5 | Mar. 15, "os 70 | Wrote sen- | 8. M. | No pulse record
tence 120
times per
dav
X Nowv, 20, "o | Dec. 30, o3| 40 Ditto T. M. e = .
N Dec. 3o. ‘'ng | Feb. 20, ‘o5 | 51 20 minutes | S. M. " " L
4 June 6, 'os }ul}' 29, 'nslr 40 ro minutes | T, M. _|1.:|1:_: f1, ‘o3
& l Apr. 13, 'os | June 3o, ‘oz a1 1o minutes | 5. M. I April 13
| |

MEMORY TESTS

une 1a, o 10
I
June 10, ‘o7 J 10

X 1.
2.

T. M.

10 minutes
T. M.

1O minutes

June 1, ‘of
June 1, ‘o7

No pulse
- -

]
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In addition to this general training there was started
for each learner, soon after his regular writing tests
began, the writing of a special “practice sentence,”’—
“A quick brown fox jumps over the lazy dog” (learners
X and Z in their S. M. practice, Y in the T. M.) or
“Pack my box with five dozen liquor jugs” (learners
Y in S. M., X in T. M.)—embodying all the letters of
the alphabet, because this promised to give in minia-
ture the whole story of the learning. Z wrote the first
of these sentences ten minutes each day for 61 days,
all his practice on 1t being in the form of a test of which
a drum record was taken. X wrote the same sentence
120 times each day for 70 days or untl a physiological
limit was approached. At a regular time each day a
drum record was taken of twenty executions of the
sentence to test the progress and speed of writing, the
other practice being taken at his convenience and at
any rate of speed desired. The same conditions pre-
vailed in Y’s writing of the practice sentence. The gen-
eral observations for determining how the writing was
done were made during this general practice when there
was no trial for speed.

This practice sentence writing together with the half
hour daily tests and some three or four hours’ writing,
at irregular intervals every eight or ten days, for pur-
poses of special introspective analysis, constituted the
total practice of the subjects learning to write by sight.

b. Experiments on the Touch Method.—For the two
subjects learning to write by the T. M., X and Y, the
conditions were the same except that the regular daily
tests lasted ten minutes only and the total daily practice
amounted to one hour including the ten minute test.
No special periods for introspection were required in
this method since all necessary introspections could be
made during the regular ffty minute practice period
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each day. The regular tests on Y began Mar. 1, 1903,
and continued 130 davs. With the exception of a break
in the practice from Mar. 22 to Apr. 6, caused by sick-
ness i his home, another from June 27 to July 1,
caused by trouble with apparatus, his practice was
continuous. X began his T. M. practice Nov. 17, 1905,
and continued uninterruptedly for 6o days. In addi-
tion to the regular practice Y wrote the practice sen-
tence, “A quick brown fox jumps over the lazy dog,”
ten minutes each day for a period of 40 days. All his
practice on i1t being in the form of a test the same as
for the S. M. practice of Z. X wrote the sentence,
“Pack my box with five dozen liquor jugs,” 120 times
a day until he could write 1t at the rate of 100 words
per minute. [his constituted the total practice of the
T. M. learners.

During all the T. M. writing, for both kinds of prac-
tice, the kevs were covered by a thin board fastened to
a standard in such a manner that free movement of the
hands was allowed while 1t shut out completely every
part of the keyvboard from the view of the learners.

All tests were taken at the same time of day, Z’s
S. M. tests at 2:00 in the afternoon, X's S. M. tests at
4:00, Y's T. M. tests at 4:30, X’s T. M. tests at 8:00
in the morning. In a few cases these times had to be
slightly varied. The last hfteen regular tests of Y were
taken at g:00 A. M. The fifty minutes’ daily practice
of the T. M. learners was also taken at a fixed time of
day and always after the daily tests.

Except for the “practice sentence’ all writing for
both methods of learning was from copy. Three plain
articles in the American Journal of Psychology and Mun-
sterberg’s book, “Psychology and Life,” furnished the
material copied.

¢. Program for Introspection.—Two kinds of intro-
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spective data were gathered. At irregular intervals of
from eight to ten days (in the first stages of learning
much oftener) the learner was set to copying for the
express purpose of observing how the writing at that
stage was done. These periods, which, it will be re-
membered, were used only with the S. M. learners—
the special fifty minute practice periods each day in the
T. M. writing serving a similar purpose in that method
—Ilasted from one to three hours at a sitting with short
periods of rest taken whenever the subjects began to
feel fatigued. Special care was always taken that all
this writing be at a maximum rate as in the regular
tests. In all these introspective sessions a specific
point was focussed upon and carefully worked out be-
fore another problem was taken up. For example the
learner first determined how he located the keys or
what sort of spelling he did before taking up some other
point. If, however, when any special point was being
worked out, another fact of interest was observed, it
was immediately recorded whether 1t related to the
particular problem considered at the time or not. No
questions were asked the learners during these special
practice periods though a schedule containing a hst of
the problems to be worked out, or topics with reference to
which information was desired was kept before them.
They were alone in the room and tried during these
special introspective periods to get a complete analysis
of the learning consciousness for that stage ot advance-
ment.

A second sort of introspective data gathered consisted
of the notes written down at the close of each davy’s test.
[t was a part of the regular program to have each learner
write down, immediately after finishing a test, any facts
that he had observed during the course of the experi-
ment, either on the manner of doing the work or on
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what had helped or hindered his progress that day.
After this he was usually questioned about certain points
which the writer had found from previous observations
or from the objective records, to be important. This
data, while covering the whole field, and containing
many facts important for the analysis of the learning
process, showed more specifically the conditions which
helped or hindered the acquisition of the special habits
formed. The important points thus elicited were always
made the subject of further study in the special intro-
spective periods.

In getting rehable introspective data for such a com-
plex process as learning, many difhculties are encoun-
tered as every one knows, difhiculties which make it
necessary to exercise every precaution. In the pre-
liminary tests it was found that a learner was specially
prone to overlook some of the more important facts
pertaining to the analysis of the learning consciousness,
even 1f he escaped the greater danger of giving wrong
emphasis to the facts observed. To be reliable the
learner’s self-observations should be verithed by au-
thentic objective results. Such verification was, in the
present experiment, given by the drum records of the
writing already referred to. These served not only to
verify but to direct, supplement and enrich the observa-
tions of the learners. A second well-known difhculry
encountered in getting rehable introspective data is to
keep consciousness from concerning itself with the
observing act. This was met in the present experiment
by having each learner take care always to write at a
maximum rate and withour thinking of how the work
was done or of how attention was working, frequently
stopping to turn attention backward to see just how the
work had been done. By having a dehnite point in
mind to observe, the facts could, in this way, nearly
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always be determined and verified until the subject was
sure of the truth of his observation when he stopped
writing to make note of it.

3. RESULTS

From what has been said it is clear that our results
will include: (1) a group of individual tables and learn-
ing curves picturing more or less accurately the progress
in learning made 1n both the regular learning and in the
writing of a practice sentence; (2) the special intro-
spective notes and records of the writing which show
how the work was done in all stages of advancement,
the analysis of the learning consciousness for all stages
of practice; (3) a group of objective and 1 Introspective
facts pertaining to relearning and the retention of type-
writing skill;! (4) the facts revealed by the daily notes
which, with certain objective data, enable us to deter-
mine the phenomena which conditioned the learning
and rate of work in our experiments. These facts must
all be set forth in detail before we shall be able to under-
stand or explain our learning curves. For sake of
clearness they will be grouped and treated in the order
named.

! For the account of the experiments made in the “Memory
Tests,” see Chapter VI.



CHAPTER 11
THE LEARNING CURVES

One net result of our objective data' 1s, as we have
said, a group of individual tables® and learning curves.
In determining the progress made by our learners, the
actual number of strokes made on the machine during a
test was taken as the measure. To get a still more
accurate measure of the amount of work done the fol-
lowing method of evaluating the strokes was used.
Each letter and mark of punctuation, not requiring a
shift of the carriage, was counted as one stroke; striking
the word spacer was counted as half a stroke; making a

' The drum records of the writing were also used in deter-
mining how the wrniting was done in the different stages of
advancement and in ascertaining how the various associations
formed, developed in the course of the learning. Compare
Fig. 5, facing p. 118,

“The data obtained from the drum and machine records
of the writing were arranged in the form of individual tables,
one for each kind and method of writing. These tables
showed, in addition to the date and total score for each
test, the normal pulse for the day, the average working pulse
for each successive minute of every test, the average working
pulse for the whole test, the average rise of the working over
the normal pulse, the number of strokes made on the machine
in each successive minute of all the tests placed alongside
the corresponding pulse record for the minute, the total
number and per cent of errors made that day, etc., etc.
But since these tables were long and somewhat technical
they will be omitted and the important facts they revealed
shown i other ways. The onginal tables were kept in the
Montana Laboratory and a copy deposited in Clark Labora-
tory for reference. (See sample records Table IV, facing p.168.)

17



18 THE PSYCHOLOGY OF SKILL

capital or any mark requiring the use of the “shift key”
was counted as two strokes; moving the carriage back
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Fic. 2. Learning curves for all subjects showing plateaus,
critical stages, and average increase in normal pulse rate for
different stages of practice.

to make a line was counted as three strokes. On the
basis of the total number of strokes made 1n the several
daily tests the learning curves were drawn. The result
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or progress made by the learners is graphically shown
in Figure 2.

To facilitate comparison the curves are all drawn on
the same scale. The number of days of practice 1s
shown on the horizontal axis, the amount of work done
(in strokes) on the vertical axis, for curves “A,” “D7”
and “E” to the left and for curves “B” and “C” to
the right. The figures on the horizontal lines under
the curves represent the average rise in pulse above the
normal for the period of practice indicated by the
length of the line on which the figures are placed.
Curve “A" represents Y’s regular T. M. practice;
“B” X's regular S. M. practice; “C” Z’s regular S. M.
practice; “D” X’s regular T. M. practice; “E” Y’s
writing of a practice sentence (T. M.);' “F” X’s regular
T. M. curve (same as curve D) and the first part of Y's

M. curve drawn to the same scale. To show the
mdnldual features of these I. M. Curves, X’s regular
T. M. curve (D Figure 2) had to be pushed higher up
on the scale than 1t nghtfully belongs. Each point in
this curve as measured by the vertical scale to the left
1s just three hundred strokes higher than it should be.
Because these T. M. curves practimlly coincide (curves
“F7) for the first sixty days of practice, curve I was
started higher up on the scale.

[t will be seen that these curves are in their main
features similar to those obtained by previous experi-
menters. There 1s in all a2 rapid and continuous rise
in the early stages of ]'JI'-:J.LI'!CE followed by a slower and
more gradual rise in the later stages. All show marked
daily variations picturing the fluctuations in the learner’s
ability to do what might be assumed to be the same task
under constant objective conditions. In addition to

1Im other typical curves showing the progress made in
Writing a practice sentence, see Figures 7 and 8, pp. 153-154.
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these daily variations there are in all of the curves short
periods of non-improvement lasting from six to eight
days, “Breathing Places,”" as it were, where the learners
for a time made no determinable improvement, often
falling below their best record for previous days.

In addition to these more general features the curves
reveal certain individual features not ‘common to all.
Two of the curves, for instance, X's S. M. curve (B,
Figure 2) and Y’s T. M. curve (A, Figure 2) show one
or more distinct plateaus, periods of arrest longer than
the “breathing places” just mentioned, where the
learners for stretches of from 17 to 33 days made no
measurable improvement. The T. M. curve of X (D,
Figure 2), on the other hand, and the S. M. curve of Z
(C, Figure 2) show no plateaus. It 1s significant that
these curves represent shorter periods of practice, the
former but 6o, the latter 86 practice days, while the
S. M. curve of X and the T. M. curve of Y represent
respectively 174 and 130 days.

It may also be observed that even the general features
of the curves vary for the different learners. There
are more of the “breathing places” in some cases than
in others and they do not come at corresponding stages
of advancement while the plateaus, on the other hand,
seem to belong to rather definite levels of attainment.
Again, the daily variations in the S. M. curve of X, for
instance, seem less pronounced and variable than for
the other subjects while his progress as a whole 1s much
less steady and continuous than that of the other sub-
jects, notably that of Z. It will also be noticed that

' It has been customary to call all arrests of progress by
the general name of “plateau;” but to the writer's mind this
obscures a real difference in character and causation (see pp.
187-200), a fact which he has tried to emphasize by employ-
ing a new term for these shorter periods of arrest.
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the curves of Y and Z rise much more steadily and
rapidly than the S. M. curve of X; Z attained a skill
in 6o days (C, Figure 2) that it took X 140 days to
attain (B, Figure 2), notwithstanding the fact that X
was more intently interested in the experiment and
doubtless tried harder than did any of the other learners.
The difhculties which he encountered after 46 days of
practice causing a plateau of 33 days’ duration in his
curve, Z seems to have escaped or met successfully, for
his curve rose rapidly and steadily almost to the end
of his practice.! With the exception of four short
“breathing places,” a partial arrest from the 20th to
the 27th day (6da.), another between the 41st and
49th (8da.), a third between the 67th and 76th (8da.),
and a final drop in the curve during the last six days of
his practice, Z's progress was rapid and continuous.
X's 5. M. curve (B, Figure 2) representing the same
method and external conditions is quite different.
Before the plateau mentioned above had set in, there
had been two “breathing places™ in his curve, a period
of six days beginning at the 17th day, and another halt
of eight davs beginning with the 29th. His second
period of rapid improvement began after he had prac-
ticed 8o days and lasted 32 days (Mar. 17, Apr. 19),
when a second plateau, extending over a period of 32
days (Aprl 19, June 3), began. On the 153rd day
another period of decided improvement set in lasting
16 days. This was followed by a final drop in the curve
the last six days.

As previously stated the plateaus seem to belong to

' In this connection it is interesting to note that Z was the
same subject who worked out the ingenious method of learn-
ing and showed such characteristic adaptability in Swift’s
Ball Tossing Experiment, A4m. Jour. Psy., Vol. X1V, 1903,
pp. 201-222, Subject, E.
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defimite stages of advancement. X’s first plateau
occurred when he was writing at an average rate of
110 to 120 strokes a minute. A glance at the dia-
grammatic curves in Figure 3 will show that Z’s progress
(upper curve) was noticeably checked, though not
arrested, at this same stage of skill. His rate of
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Fic. 3. Diagrammatic representation of the learning curves
showing stages of advancement where the plateaus and crit-
ical stages in learning to typewrite appear. Lhe upper curve
represents Z's regular S. M. practice, the lower curve the

S. M. practice of X.

improvement was noticeably slower at this stage than
for a period of similar length immediately before and
after (compare also curves B and C, Figure 2). Ths,
too, when it was clear that he was trying harder for the
period of slow improvement than for the period of
practice immediately preceding and following this stage,
both of which showed more rapid gains. The period of
slow rise for Z and the first plateau for X mark the first
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distinctly “critical stage™ encountered in the S. M.
learning. A second plateau occurred mn X'’s S. M.
curve when he was writing at an average rate of 145
strokes a minute. 7 had just reached this rate of speed
when unfortunately his practice was stopped, but there
was every indication in his notes and curve that his
progress would have again been checked, if not entirely
arrested, had he continued, by the pecuhar dithculties
encountered at this stage.

Y’s T. M. curve (A, Fig. 2) 1s in character somewhat
of a compromise between the S. M. curves of X and Z.
With the exception of four *“breathing places” from
the 19th to the 25th days of practice (6 da.), from the
32nd to the 38th (6 da.), from the 42nd to the 48th
(6 da.), and from the 51st to the 59th (8 da.), his curve
rose rapidly and continuously for g7 days, after which
there was a plateau extending over a period of 32 days.
There was, following this, every indication of another
rapid rise in his curve, but at this point his practice
was broken off.

X's T. M. practice was stopped at the end of 60 days,
so that his curve (D, Fig. 2) 1s only comparable in part
with that of Y, which represents a practice period of
130 davs. Y’s curve showed, as we have said, some
three or four “breathing places™ in its regular upward
course. X’s T. M. curve, on the contrary, shows a
rapid and almost continuous rise for the entire 6o days.
Only two “breathing places” occur in his T. M. curve.
Whether X’s curve would have shown a plateau at the
second “critical stage” as did the curve of Y, it is
impossible to say. The facts, that X and Y had both
previously learned to write by the S. M., that both
successfully overcame the first “critical stage” in their
T. M. writing, and that the plateau in Y’s practice
sentence curve (K, Fig. 2) occurred at the same level
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of attainment as 1n his regular practice (when he was
writing at a rate of 205 strokes per minute), are signifi-
cant and will be treated later (p. 225) in detail.

The curves picture the general character of the prog-
ress made by each learner and show his actual “ability
to do” from day to day, week to week and stage to
stage of the practice. To explain them fully we must
not only determine to what their general rise 1s due,
but account for all their salient features and individual
peculiarities. What do these curves mean psychologi-
cally? What associations and habits were formed mak-
ing possible their general rise! How were these asso-
ciations and habits developed and perfected in the
course of the practice’ What factors helped or hin-
dered their formation and growth! To a consideration
of these questions we now must turn.



CHAPTER 111

DETAILED ANALYSIS OF LEARNING TO
WRITE BY TOUCH!

Psycho-physically speaking, learning to typewrite
means the acqusition of a group of special habits.
Of these we may for convenience distinguish two sorts,
Habits of Manipulation, the more purely psycho-physi-
cal habits involved 1in the mastery of typewriting, and
Habits of Control, certain general or more purely psychic
habits acquired in the course of the practice. Of these
we shall speak in their order.

The Habits of Manipulation are of all kinds and de-
grees ranging from the simple and elementary associa-
tions involved 1n the writing of a beginner, to the
complex hierarchies of co-ordinated habits used by an
expert typist. All of these special habits are developed
and perfected in a dehnite manner, the simpler habits
being continually modihed and reorganized, as practice
continues into higher and more economical habits of
which new groupings they become the elemental parts,
and into which their l-;lf.,ntln IS Lradua”y merged,
while these hng'H:t’ habits or groupings are in turn
worked over into vet higher complexes, by processes
similar to those that occurred in their own formation.

Throughout the course of this development an elabo-

"In our experiments the learning by the T. M. followed
that by the S. M., but as both the writing and learning by
the S. M. proved considerably more complex than by the
T. M. the latter will be considered first.

25
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rate process of “short circuiting,” difficult to describe
clearly and briefly, was operative. In a general way
it consisted of a continuous simplification of the elabo-
rate and circuitous methods used by the beginner.
‘The learner’s attention and energies cannot at hrst be
applied to the writing in a direct and economical way.
Under the influence of the strong desire to succeed in
the new task there are called up masses of old, familiar
and easy associations or forms of activity, most of
which are not directly serviceable for the work. From
these there 1s wunconsciously built up by the double
process of elimination, selection and reorganization, the
first elementary associations (letter associations) used,
and from these in turn the later higher-order habats.
There comes to be, if one may so phrase 1t, a sort of
unconscious struggle for existence among many modes
of action ending in the survival of the most direct and
economical way of reaching the goal desired. By this
simultaneous process of elimination and recombination,
the first elaborate and circuitous methods of writing
are simphfied, refined, changed, until, sheared of all
accessories they enter into and constitute the most direct
and economical method of work within the attainment
of the learner. Some of the habits of the early stages
seem to exist only to be eliminated, but most of them,
as well as the many seemingly useless mental strivings
and acts, play an important role in the development of
the higher-order habits. They constitute the raw mate-
rial from which the more direct and economical habits
are formed, and are therefore a necessary precondition
for their attainment. Those not so used must be regu-
larly discarded as fast as outgrown to keep the learner’s
progress from being arrested on a lower level of attain-
ment than he is capable of attaining.

All this, if now somewhat vague and obscure, will be
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made clear in the various sections of Chapters 111 and
IV, where are described in detail the formation and
development of the wvarious psyvcho-physical habits
(Habits of Manipulation) mvolved in the mastery of
tvpewriting. The more purely mental habits (Habits
of Control) developed in the course of the learning will
be treated in Chapter V.

I. THE LETTER ASSOCIATION STAGE'
(1) The Writing in the Earliest Stage

a. Learning the Keyboard.—The first task of the sub-
ject was to learn the keyboard as a preliminary to the
formation of an association between the letters in the
copy and the corresponding keys on the machine. Y?

! In describing the growth of skill in a complicated task
such as typewriting it 1s necessary for the sake of clearness
to mark off definite stages and to speak of them as though
they were distinct and successive, while as a matter of fact
this 1s nnh relatively true. Let it be understood, then, once
for all, that while we shall speak of lecter, word, and p]'u;]se
stages, we are to conceive them not only as passing into one
another by imperceptible gradation, but also as not exclu-
sively successive. Certain simple and common phrases are
handled as w holes at a time when certain rarely used letters
still require individual attention.

*The two subjects, X and Y, who learned to write by
touch had already learned to write by the S. M., as previously
pointed out, but learning the T. M. was so different that
they had to begin at the beginning and proceed in the same
general manner as the control subjects who were taken
through the elementary stages of this method. In what ways
learning to write by the S. M. helped X and Y in learning
to write by the T. M. the data at hand does not enable us
to say. Some helpful associations were surely carried over
but no attempt has been made to determine their exact
nature. Some of the more general helps (emotional and
other) will be considered later (se¢c pp. 97-8, 224-7). This
problem might be studied to advantage, it seems, by having
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learned the keyboard, of which a cut is shown below, by
committing it to memory. He learned it so well that he
could draw 1t correctly from visual memory when he be-
gan his first test. The thought or inner pronunciation
of any letter called up at once a visual image of its exact
position on the keyboard. This gave him his cue for
hinding it with his fingers. ““When writing,”” he says in
his early notes, “I have to stop for each letter to recall

B0 000000101
L0100 00R00e
0000000086

Space Bar 7

Fic. 4. Diagram of Underwood keyboard used by the
learners.

by wvisual image where the key wanted is, then make
the proper finger movements in the right direction and
distance. In making each letter, a distinct image of the
letter in 1ts exact position on the keyboard comes up
to direct my hngers and hand.”

X, though a good visualizer, used a different method
in learning the keyboard. After a twenty-minute
attempt to get a workable visual image of the keyboard
(he knew from Y’s notes the method he had used) he
gave up trying to commit it to memory and made an
actual map of it instead, which he kept before him in
his practice as long as needed. He at once began to

a learner who has learned to write well with a “Universal
Keyboard,” learn to write on a machine with a different
arrangement of keys.
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write. If he did not know the location of the letter
wanted he would refer to his map moving his fingers to
the desired key and striking 1t while looking at the map.
An independent visual image was never used to locate
the kevs. All that occurred was a movement of atten-
tion, In Intimate connection with an mcipient motor
image, to the exact position of the keys, if their position
was known (and knowing their location for X consisted
in just this), if not, the map was referred to to give
artention 1ts cue. A few cases were observed, while
this first association was forming, where, when atten-
tion could not move promptly to the exact position of
the key, a visual image of the letter on the keyboard
map came In to give attention its cue, but this was the
exception. The visual image, if 1t appeared at all,
came 1n after attention had moved to the right place
on the kevboard and stopped. The visual image was
an entirely useless thing so far as locating the keys was
concerned.’

' How purely motor this mental location of the keys was
in the case of X the following facts will show. At the begin-
ning of the third day’s practice, X could locate correctly only
six of the nine hgures and nine of the letter and punctuation
keys from visual memory, and this after 174 days’ practice
by the 5. M. (compare table in note, p. 11). A visual image
of the entire machine, the board used to cover the keys, the
space bar, the white surfaces and rims of the keys, their zig-
zag arrangement were clear in visual memory, but the keys
could not be located except by a direct movement of atten-
tion to the nght part of the keyboard, which in reality was
merely mcipient eye and throat movements distinctly motor
in nature, the “left overs” from the former eye movements
used to locate the keys in the S. M. Attention of itself
moved n the nght direction and to the right place. Even
the map used to learn the position of the keys could not be
correctly visualized at the beginning of the third regular
period of practice. Only ten of the thirty-two positions could
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b. Locating the Keys—~The next task confronting
the learner was to get his fingers to the proper keys.
This was in the beginning of the T. M. a very difficult
process, especially for all those letters situated near the
center of the keyboard. The little fingers had to be
kept constantly on the “a” and “;” keys. From these
as reference points the key desired was located by the
unseen fingers, 1f 1ts position was known. To reach
such a key 1t was first necessary to locate (by feeling)
the bank of keys in which the desired letter was situ-
ated, then Aind the key itself by touching all the inter-
mediate keys up to the one desired. If, for instance,
the “t” was wanted, the learner would go to the bank
of keys above his little finger and with the other three
fingers of his left hand feel each key separately, noting
as he raised his fingers, ¢, w0, ¢, , . This method of

be located from visual memory. The upper left hand corner
of the map could not be visualized at all. “When this part
is attended to,” wrote X, “I immediately get a motor image
of the movements required for reaching the keys on this part
of the board.”

But various sorts of images did accompany the movement
of attention, e.g., images of the printed letters, the image of
the letter on the map, etc., but in no case did these assist in
locating the keys. They came after or simply accompanied
the movement of attention. It was not uncommon for a
wrong image to appear, e.g., it was one day observed that
in turning attention to the positions of “m” and “n” on the
keyboard a visual image of the printed letters came up, instead
of the image of the key. If a visual image of the letter did
come up, it was not always in the right place; “o0” was once
visualized in the middle of the keyboard.

These two methods of finding the keys come in the end
to the same thing, however, a muscular image that soon
fuses with the movements required for getting the hngers
to the keys. But the association was developed differently
by the two learners. In the case of X it was in motor terms
from the start. For Y it was frst visual-motor, then motor.
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literally “feeling his way " to each letter as wanted was
the first regular procedure of all the subjects in getting
their fingers to the keys. The final step required to
make a letter in this earliest stage was a second mner
speaking of it required to set oftf the fihal letter-making
movement.

The earliest writing involved, therefore, (1) getting
the copv; (2) an actual spelling or thinking of each
letter to be made; (3) mentally locating it on the key-
board; (4) getting the proper fnger to the key; and
(5) again pronouncing the letter or initiating the final
letter-making movement. The first improvement in
the writing was due to “short circuiting’ each of these
steps. As practice continues each step of the process
becomes easier and easier until all fuse into one. When
the “short circuiting” 1s complete so that the sight of
the letter in the copy or the first speaking of the letter
(the spelling) calls up at once the direct movement for
striking the proper key, a letter association has been
formed. How did this “short circuiting” occur or how
were direct letter associations developed?

(2) Short Circuiting the Earliest Methods of Writing

Fusion of the First and Second Step.—In the earliest
writing the copy was memorized as in the S. M. learn-
ing and held in immediate memory until tapped off on
the keys. The spelling of the words, 1. e., the associa-
tions necessary for reading the letters composing themn,
was of course, something which the learners brought
with them to the task and which they did not need to
learn. It was a habit ready for use, but even in this
most habitual part of the work an important change
occurred. The learners unconsciously began to keep
their eves focussed more and more on the copy because
of the difficulty occasioned by holding the copy in
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memory. The spelling becarme more and more incip-
ient and fugitive until the mere sight of the letter in
the copy, which soon came to be closely attended to,
set off at once all the processes, psychic and physical,
involved in striking that letter on the machine.

To what extent the former actual spelling was re-
placed by mere visual sensation and yet how easily the
learner slips back to earlier methods of working is
shown by the following observations and incident. On
April 19th, Y wrote: “Getting the copy 1s now a very
easy task and requires only a small portion of the
attention. [he eyes are kept on the page all the time
and I get the letters as a pure sensation. I make the
letters and write the words and am not aware as soon
as [ have finished them that I have seen them. The
mere sight of the letter sets off the movement. When
for any reason I look away from my copy and come
back to it I often start writing at the wrong place and
do not notice my mistake for some time.”

In one of the practice periods of X at this stage, the
paper in the machine was by accident pushed up n
such a way as to cover the copy. This caused great
confusion and immediate loss of orientation on the key-
board. X found himself actually spelling out the rest
of the word he was writing. Several tests were then
made at different times to write without keeping the
eyes on the copv. These seemed to show that seeing
the letters not only helped in mentally locating the keys
but that it was an aid to the finger location as well.
Fixating the letters in the copy with the eves had com-
pletely taken the place of the former spelling. Any
attempt to write from remembered copy at once brought
in an actual or incipient spelling.! On April 14, Y

! Compare the return of inner spelling in the word asso-
clation stage, p. 44 below,
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wrote: “When I get lost on the keyvboard (lose my
orientation), I have a strong tendency to look at my
writing to get my bearings again.  When this 1s done 1
oenerally look ahead and get enough copy to last until
1 get orientated again on the keyboard. The tendency
to spell (vocalize) the letters 1s in this case noticeably
stronger.”’

When letter associations are fully developed and
fixating the letters with the eyes.has taken the place of
the former spelling, there 1s no difference, so far as get-
ting the copy 1s concerned, between long and short
words. The spelling occasions no dithculty because no
real spelling 1s done. A foreign word can be as easily
written as an Enghsh word. A very strange or long
word may call a little extra attention to 1tself and so,
like any distraction, cause slower work on the key-
board, but none of the troubles that come later from
uncertain, non-automatic spelling can occur here be-
cause the letters are taken directly from the page as
a visual sensation.!

'In the T. M. learning, getting the copy presents no sep-
arate problem to the learner. It is gotten as written, in the
letter association stage, letter by letter; in the word a550-
ciation stage a syllable or word at a time, in the expert stage
it 1s slowly read as tapped off on the keyboard, but some
five or six words ahead of the hands.

[n the development of this economical method of getting
the copy some characteristic differences occurred between the
different learners. Y began by first memorizing several words
of copy as in the sight method, then writing them, orientat-
ing himself on the keyboard and guiding his hands to the
proper keys by watching his writing on the paper. (It will
be recalled that the machine was a visible writer.) But soon
he began to keep his eyes more const mtlv on the copy and
found that this gre: lth facilitated the wrnting.  Still, the old
method of Copy getting was so strong that his attention was
not, for some time, so economically distributed over the two
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b. Fusion of the Third and Fourth Steps.—The third
and fourth steps required to make a letter, the dual
process of first locating the keys mentally and then
hinding them with the fingers, went through a still more
elaborate process of “short circuiting” as letter asso-
ciations were formed. With practice the thought or
sight of the letter in the copy came to call up ever more
readily the visual image (for Y) or movement of atten-
tion (for X), which served as a guide for the fingers.
But though continually changing in character and
eficiency to meet better the learner’s needs, these
earlier ways of mentally locating the keys were very
soon outgrown. [he visual image which Y used to

parts of the work as it came to be later on. On March 13
he wrote: ““I fiind when I write, looking always at the copy,
that my attention 1s on the copy only a small part of the
time. It seems to be natural and easy to take in a part of
the copy that will last some time for writing. My attention
for the most part is on the keyboard and finger movements.
But keeping my eyes on the copy makes it easier to find the
place and go on again at once when I want more copy. The
attention sghifts back and forth from the copy to the motor-
touch image of the movement.” Later he unconsciously
adopted the letter by letter method of getting the copy. On
April 12, when the change was taking place, he writes: *“The
attention is now mostly on the feel of the fingers, on watching
whether or not they are being rightly placed. Much of the
time it seems to be divided between this and seeing the copy,
instead of alternating between these two. When thus divided
I do not run ahead with the copy at all but simply look at
the letters I am writing.” A few days later, April 19, he
wrote: “‘Only visual recognition seems now to be necessary
to set off the individual movements. There 1s no tendency
to vocalize the letters. They are gotten directly from the
printed page as a pure sensation.”

The fact that X, who, as experimenter, had observed the
economical method of getting the copy, unconsciously devel-
oped by Y, should use it from the start, 1s suggestive.
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locate his letters very early began to give way to a
higher, more economical form of direction for the
fingers and hands. On the fAfth day of his practice he
wrote: ‘I have still a general visual image of the key-
board, but the keys are now located by making use of
a sort of visual-motor image that tells me more readily
and surely the direction and distance of the keys
desired.” The second and third steps in the work had
already begun to fuse with the fourth. X, at about
the same stage of advancement, described at length how
the movement of attention to the exact position of each
key came to follow always more naturally and easily
upon the sight or spelling of the letters, and the move-
ments necessary for getting the proper hingers to the
keys more closely upon this movement of attention.

c. Abbreviating the Fourth of the Five Steps and Rise
of Motor-tactual I'mage.—As might be inferred from
the description of the earliest stage of learning (pp.
27-31), the greatest opportunity for saving was in the
fourth of the hve steps, in acquiring more economical
methods of getting the right finger to the proper key.
It marks a long step forward in the learning when the
subject acquires the ability of going directly to any key
desired merely by attending to the motor-tactual ““feel
of that particular letter-making movement. Improve-
ment in learning to make this movement directly is
very gradual and slow. At first, as has been said, every
letter had to be located by finding its row and then
counting one's way to the right key. The keys near
the little fingers were the first to be located in this direct
manner. If two letters adjacent on the keyboard oc-
curred 1n succession, “e’’ and “r” for instance, only the
first had to be located from the little finger position.
With the proper finger on one of the keys the second
could very early in the practice be directly struck. A few
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irect letter associations were also soon formed by various
means and other letters located with reference to them.
X, for example, early learned to locate “t” by attending
to the feeling of strain required to reach it directly. His

b

general early method, when wanting to strike “e” or
“r,” was first to locate “t” directly, letting the proper
finger rest on 1t, then strike “e” or ““r”" in relation to it.

In this part of the learning (getting the fingers to the
keys) all sorts of temporary helps and devices were
used, and shorter and more direct methods of getting
the fingers to the keys were constantly fallen into. All
sorts of connections between the successive letters of
words were formed, by the learners, in feeling their way
from one letter to another, and many short cuts across
the keyboard were made. X observed that he was
unconsciously letting the fingers of one hand rest on
the letters last struck while working with the other
hand. At first the fingers were always raised from the
board as soon as a letter had been struck so that each
letter had to be located from the little hinger position as
reference. This new procedure proved helpful because
the next letter to be made with that hand could, as a
rule, be located more easily from this position than via
the little finger as a point of reference (see p. 131). He
also observed that he was remembering the “feel” of
the movements when letters recurred at a short inter-
val, so that he could strike a letter directly a second
time if the interval since 1t was last struck was not too
great; he often described in his notes how he held the
image of such a direct movement in immediate memory
and unconsciously learned to attend to 1t, because it
was easier than to locate the letter and make the move-
ment in the old roundabout way. Many other devices
were employed in getting the fingers to the separate
keys, such as learning to skip across the keyboard in all
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sorts of ways within the scope of a group of letters tc
be made by the same hand, e. g., learning to go directly
from “1” to “0” and from the “o0” to “n” when
writing “ion” with the right hand or going from “d”
to “e” direct when writing “dear.” But as direct letter
associations developed these devices were all slowly dis-
carded, the one direct movement being more economical
than any improvement of the earlier detailed method.
The tendency to wse this better method and to strike for a
letter directly instead of locating it by the older (and for a
time) surer way, was very strong in both subjects.  They
swanted to strike the keys directly long before they were
able to do so.

As time passed the learners came to rely with more
justifiable confidence on the motor-tactual image of the
direct letter-making movements for guidance, and
became less and less conscious of the keys which lay
between their lictle hngers and the keys to be struck.
X developed his motor-tactual image by gradually
eliminating the steps used in building it up and paying
less and less attention to the keys that lay between his
little ingers and the keys wanted. Y very early applied
the “method of trial and error.” As soon as he dared,
he tried to make each letter directly and if wrong cor-
rected himself by referring to the written sheet. In
this way he soon developed a direct association for all
the letters, and came to rely for guidance and a test of
correctness on the motor-tactual image of his move-
ments. X used the intermediate steps as guides until
the direct associations were sufhciently developed for
these helps to be discarded.

The most important element in this advancement
was 1mprovement in motor-tactual discrimination or
making clear the motor-tactual image for each letter-
making movement. In the earliest writing such dis-
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crimination was very weak. The learners had to
actually raise their fingers after each stroke in order to
be able to count their way to the next key. The keys
could not be distinguished 1if the fingers were not sepa-
rately raised. The learner could not tell by touch alone
whether he had his fingers correctly placed or not.
After some days’ practice three fingers could be put
down on as many keys and the separate keys recognized
with one stroke of attention. Later a finger could be
slowly moved across the keyboard and by close atten-
tion to the “feel” of the movement it could be correctly
placed on the key desired. Still later the learners could
go directly to any key wanted and recognize at once by
“touch” alone whether or not the finger was rightly
placed. Building up direct letter associations i1n the
T. M., might, therefore, be defined as getting the right
motor-tactual “feel” for the separate letter-making
movements, or learning to attend to the motor-tactual
image of the movements and making 1t guide the fingers.

(3) The Advance from the Letter Association Stage

If, as soon as a letter is thought of (spelled) or visually
attended to in the copy, the right movement for striking
the corresponding key is called forth, and if this move-
ment can be directed as made, a letter association has
been formed; the association needs but to be further
perfected to make possible the development of the next
higher order of habit (word association). When 1t has
become rapid, easy and certain, the next stage has
already been entered upon. The individual movement
becomes so easy that less and less attention is required
for its execution and attention is free to assume a
higher form of direction, making possible the higher
method of work.

The process of finally perfecting these simple associa-
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tions is, however, very gradual and slow; it was neces-
sary to make the direct movement a great many times
with attention carefully focused on its “feel” before it
became distinctly easier. At first the movement must
be carefully attended to throughout its whole course.
As practice continues 1ts motor-tactual image comes to
be attended to more and more generally; as the indi-
vidual movement becomes fused with other letter-
making movements in writing words, less and less
atrtention needs to be given to its “feel.” But some
conscious guidance 1s required for months after 1t can
be almost automatically made. Long after the sub-
1ects thought that these movements were no longer
attended to they were often surprised to find that a
little attentuve direction to the individual movements
was still given and required. A half conscious follow-
ing of the individual movements for the last letters of
the words occurred long after these words could be
reacted to as a whole and after 1t was thought that these
letters were being taken care of quite automatically.
‘The complete direction of these movements was turned
over to the hngers very gradually and conscious direc-
tion dropped out too gradually to be accurately described.

It was further observed that the motor-tactual “feel”’
for these letter-making movements was very easily for-
gotten. For weeks in the earlier practice it was lost
over night and had to be built up anew each day.
Moreover, it 1s not a simple motor image that is to be
remembered; the hand is rarely in exactly the same
position when a letter i1s made; the motor image is,
therefore, not always the same. Much correct prac-
tice 1s required (the freer from mistakes the better)
before one is certain of the correctness of his movements,
and a still greater amount of careful practice and the
development of a higher order of associations is required
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before the individual movements are perfected and made
wholly automatic. A little attention and guidance is
required for many months after the letter associations
have been well established. They are indeed fixed only
in and through the formation of the word and phrase
associations by which they are superseded.

A few quotations from the notes of Y will illustrate
how touch discrimination was actually developed.
“When the keyboard was first covered up,” he said,
“the sensation was one of utter bewilderment. I had
to carefully attend to the little inger positions, the only
famihar things on the keyboard. When these were
lost they had to be found by feeling around the edges
of the keyboard and finding the shift keys. From these
the ‘a’ and *;’ keys could be located.” Later he could
go to them directly by feeling the sides of the keyboard
and recognize by touching them that he was correct.
Later still he could put his httle ingers on them directly.
March 10 he wrote: “I recognize the keys now more
readily by touch; 1t at once feels right or wrong when
I get my fingers placed.” Three days later he wrote:
“1 can now discriminate between finger positions on the
keyboard. I can recognize more easily when I get my
fingers misplaced. I think the main part of my recent
improvement is due to just this fact.” On March 15,
he wrote: “The marked feature of the practice now
seems to be the growing ease with which I am coming to
recognize the position of my hngers directly through
touch. I noticed today for the first time that I recog-
nize errors at once, when made, merely by the feel of
the movement and the touch of the key.” A few days
later he wrote: “It is easier now to keep the lictle
fingers upon the reference keys. 1 sumply notice as
soon as they get off and can replace them directly,
recognizing by touch that they are right.”
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An interesting feature of the perfection of letter asso-
ciations and the transition to the next stage was the
way in which the motor-tactual image disappeared from
consciousness. | he motor-tactual image 1s needed as a
guide for the movements for a short time only, and
having served that purpose it soon drops out of con-
sciousness altogether and only reappears when a mis-
take i1s made or when for any cause the learner drops
down to a lower plane of writing.  On April 9, Y wrote:
“I now recognize by touch alone as soon as I have made
a mistake.” April 14 he wrote: “As soon as | get on the
wrong row, a very misleading mistake, I notice it at
once. W hc,n all 1s going well the feel of the movement
does not come into consciousness any more at all.”!

1'The following observations of Y with their dates will
show how gradually 'ltttnt](m to the individual movements
dropped out. May 1st: “The dropping out of recognition
of the separate movements 1s also progressing quite notice-

ably. I now write several words sometimes, without gt:ttlng
my attention at all on any of the separate movements.’
May gth: “I should guess that I made about half the move-
ments this morning without attention to the individual move-
ments. Lhey go by groups and there is no separate recog-
nition except when one goes wrong.  Just how far this is the
case 15 very hard to tell, because introspection on it means
attention to them. W hen 1 try to recall what T have done
It seems as though thrL 1s little attention to separate move-
ments.”  May 11th: “There 1s a distinctly noticeable im-
provement now in handling the keyboard. 1 write connect-
edly, taking picces of words, whole words and phrases without
attention to individual movements. Distinct recognition for
correctness of movement has dropped out very much. Con-
sciousness of correctness or error tends to come 1n only when
an error is made.”  June 6th: “In introspecting now again
on the mental content during the writing [ was surprised to
see_how far removed the writing was from that of attending
to individual movements. In attending further to this par-
ticular point I noticed only now and then a stroke that was
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Failing to recognize the correctness of the individual move-
ments when going right is the first step in the automatiza-
tion and the beginning of the formation of a habit of the
next higher order where the syllable or word is made the
unit of attention.

(9) Distribution of Attention in the Letter
Association Stage

The attention of the learners in this stage was vari-
ously employed according to their grade of advance-
ment. In the earliest writing attention was focussed
successively on each of the five steps required to make
any letter—first on getting the copy, then on spelling
the letter or fixating it in the copy, then on mentally
locating the corresponding key on the keyboard, next
on the movement required for reaching that key with

individually directed. In trying to attend to the individual
movements purposely I found that they were aliogether too
fast to follow.” June 8th: “Writing without attention to
the individual movements is so prominent today as to be
distinctly the rule. The fingers do it alone and the attention
goes to t:hﬂ“ only in cases of error of any kind which gives
a wrong ‘feel.”” July 22d: “For the last several days I have
again made a special effort to introspect on just how 1 did
the writing, with the result that I find 1t harder now than
before to say anything at all about 1t. I was chiefly intro-
specting on the amount and kind of individual directing of
the movements for making the letters there was. From my
introspection today | conclude that there 1s practically none
of this and that this is also the reason why it 1s so hard to
observe just how the writing takes place. There is now so
little attention on the fingers, the moves enter consciousness
so little that in the introspection I am pracucally trying to
find something that 1s not there. By inference from the rate
now | also conclude that there can be but hetle directing of
individual strokes and separate recognition of these strokes
as to correctness. [he rate 1s altogether too fast to allow
thinking of each movement separately 1n any terms.”
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the proper finger, lastly, on the imtiation of the final
letter-making movement. A number of cases were re-
corded where the letter was actually forgotten during
this process of making it, because so much attention
had to be given to the separate steps. The last step,
initiating the final letter-making movement, was rather
easv; the major part of attention was given to guiding
the fingers. Gradually, as we have said, the four steps
fuse into one continuous process which came to be
attended to as a whole, the stress of attention being on
the motor-tactual image of the final letter-making
movement. As one of the subjects expressed it: “By
far the major portion of attention 1n this stage goes to
the feeling of touch and movement. These are more
or less constantly watched with respect to their right-
ness or wrongness and I can avoid errors much better
by attending strictly to the feel of the fingers and keep-
ing constantly in mind where the hingers are.  As soon
as [ fail to do this my fingers go in the general direction
only and muss.”

'The way in which this motor-tactual image of the
letter-making movement 1s attended to at different
stages i the development of the letter association 1s
important. When a letter association first becomes
operative the letter-making movement is so difhcult
that 1t consumes the entire attention, which is distrib-
uted over every part of the movement and follows it
guzdmg,h' throughout 1ts whole course. Everyv turning
point 1n 1ts course must be zealously guarded which
makes 1t necessary that the movement be made rather
slowly.  With practice the direct letter-making move-
ments become easier and easier to make, as we have
seen, which means that the movement as a whole does
not need any longer to be so carefully directed.

At this point attention naturally tends to drift to
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outside interests or to be pushed too far ahead in the
work. If kept as closely focussed on the work as for-
merly it goes to the invention of more advantageous
methods of work and to the control of larger and larger
units as fast as freed from the guidance of the individual
movements. If this natural tendency -to relaxation at
this stage 1s not successfully met and attention pushed
ahead to a higher form of direction as fast as naturally
freed from the oversight and guidance of these letter-
making movements or if attention is pushed ahead too
fast there will be an arrest of progress. The stage where
these letter associations are being finally perfected,
therefore, 1s a distinctly “critical stage’ in the learning.

2. THE SYLLABLE AND WORD ASSOCIATION
STAGE
(r) Initiating the Movements

A distinguishing feature of the syllable and word
association stage 1s the clear re-entrance of inner speech.
In the letter association stage when the copy was gotten
letter by letter, the sequence of movements following
immediately the focusing of each letter on the page, no
actual spelling was required. Visually hxating the
letters in quick succession mitiated and controlled the
sequence of the movements. When the word or syllable
became the unit for attention the copy could not so be
gotten, and the movements had to be initiated and
controlled by an actual or incipient mental “spelling.”™

1Tn the succeeding paragraphs “spelling™ 1s used mn a
rather loose sense to cover cases in which words are pro-
nounced syllable by syllable or single words pmnnumcd
entire, because the p'-.u‘hn physical function of the inner
enunciation is similar in the two cases and the earliest literal
spelling pours imperceptibly into the later }‘!IUI‘IIII‘ILH[‘IUI]
For further particulars with reference to “spelling™ as a
means of control in typewriting see pp. 48-56.
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(2) Getting the Copy

The copv in the word association stage 1s taken as a
svllable or as a word at a time and a httle ahead of
the hands. Attention as freed from the guidance of the
individual movements goes more and more to getting
the copy and to the unique mental spelling just men-
tioned. The copy 1s not actually learned, for the writers
are never aware of the connected meaning of what they
are writing. In the very beginning of this stage (April
25th) Y reported as follows: “I get my copy almost en-
tirely by taking one letter at a time as they are being
written. The exceptions to this are the easy words and
combinations which the hngers take care of as a group.
In my actual writing my copy getting 1s a mixture of
these two procedures—taking 1t letter by letter and
easy words as a whole, or (when distracted by some-
thing) looking ahead a little to get and hold 1t as in the
visual method of writing.”” Word associations had already
begun to form. Later (June 17), when many word asso-
ciations had been developed he wrote in his special
observation notes: “In trying to get more detailed
introspections on just how I proceed with the copy and
writing under these general conditions it seems that |
am, in a very incipient manner, repeating the copy,
perhaps the letters, as I write them. In easy short words
I do not think that I incipiently pronounce letters but
only words. The tendency to pronounce increases with
the difhculty of the writing. The grouping that occurs
seems to be determined all along by the nature of the
copy. An easy word 1s taken as a whole; a few short
easy ones are taken in a connected series. A long difh-
cult word may be broken up into groups of easy, fa-
miliar combinations, or in case of extreme ditheulty it
may be incipiently spelled through letter by letter, and
written by attending to each individual movement.
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This way of spelling words or taking in familiar parts of
them as a whole (as only pronouncing the word as a
whole, when easy), and the manner of attending to
the movements seem to run very closely parallel all the
time. I take in a thing on the keyboard just as I take
it in in the copy—by letter, by combinations of letters,
by words, or groups of short easy words.””! It may be

! Later, as more and more word associations were developed
and phrase associations had begun to form, a different and
less economical method of getting the copy was fallen into
by Y. He wrote in his notes: “In the ordinary practice now,
where maximum speed is not demanded, I find that I do
not keep my eyes constantly on the copy. I get my copy
largely as in the visual method, read a little ways ahead and
then write from memory, but the procedure of learning a
bit of copy, writing this, then getting more copy, etc., 1s
not nearly so regular as in the visual method. It 1s not so
much looking away from the page as taking the attention
off this part of the work. Something on the keyboard will
require special attention, when I cease seeing the copy alto-
gether. Some time back my procedure, as I recall 1t, was
different. I then kept my attention divided between the
keyboard and the copy and constantly applied to both. The
greater speed now seems to demand a change. Formerly
the writing proceeded with attention to the individual move-
ments. 1 was concerned at any moment of the writing with
only a few letters of the copy and a few movements on the
keyboard. My attention was sufficient to cover both. In
getting copy I did not run far ahead of the wniting. It wasn’t
necessary. ©he faster writing now makes this necessary, it
seems, and other changes going with 1t, make 1t possible.
[ have to take more copy now to keep ahead of the hands,
hence the looking ahead.”

For Y the most economical method of copy getting for
this stage was not found. Instead of pushing attention ahead
and manipulating the copy as did the expert (see p. 560), Y
was caught by an older habit and fell into an easier and less
efficient method than that employed by X. It 1s, of course,
impossible to observe just when these vital changes occurred
in the practice, but the notes clearly show that this way of
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conjectured, however, that the power of manipulation
on the kevboard dictated the manner of getting the
copy and not vice versa.

The increase of speed itself naturally led to this
change. When word associations were suthciently de-
veloped for the movements in certain connections to be
made faster than the letters could be focused individu-
ally by the eve, the copy had to be gotten further ahead
and the succession of movements controlled in some
other way. When word associations had approached
perfection, the 1nner spelling or pronunciation gave
a soit of specihc mental adjustment for the required
group of movements as a whole, and served to guide the

getting the copy (a survival from the S. M. writing) accom-
panied the tendency of attention to turn away from the work
as a whole and came in at about the beginning of the plateau
in Y's learning curve. The fact that his attention was now
shifing from one phase of the work to another and went
from the dithculties of the writing to outside interests was
without doubt an element in the non-improvement indicated
by the plateau.

Miss A who copied at the rate of 50 words per minute
and therefore belonged at the beginning of the expert stage
of writing, got her copy in a way similar to that of Y. She
kept her eyes constantly on the copy but her attention was
alternately focused on the copy and on the writing. She
would read a bit of copy then focus on the writing, putting
her whole attention on the mental pronunciation of the words
which guided and controlled the movements. When she had
almost reached the end of the copy learned, her attention
would again shift to the copy, the writing being retarded
until more copy was learned. There was in this not merely
a troublesome shifting of attention, but the extra trouble of
holding the copy in mind, a {I:hnmrlg,, costlier process than
gerting it as written. Miss A’s method of Ccopy getting was
doubtlessly due to the fact that her office work was copying
from shorthand notes, which could not be transcribed
directly on the typewriter.
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fingers to the proper keys as well as to control the
order or sequence of the movements. As Y expressed

“A word simply means a group of movements which
I attend to as a whole. I seem to get beforehand a sort
of ‘feel” of the whole group which is run through with
that sort of conception and direction-of attention.”
That 1s to say the writing comes to be taken care of
wholly by the fingers and this inner pronunciation or
spelling.

(3) Abbremating the Spelling

That which takes the place of the visual fixation of
the letter in the letter association stage is at first, for
most words, a full mental enunciation of all the letters,
but as time passes, it becomes more and more incipient
and soon links itself closely with the process of locating
the keys, and vields to a characteristic pronunciation of
the syllable or word as a whole. The spelling now con-
stitutes a sort of mental attitude or preadjustment for the
word in question, differing, however, with the stage of de-
velopment reached. At hrst it meant a hurried anticipa-
tory following of the whole course of the movements to
be made both as to direction and succession. A sort of
group “spelling” taking the place of the old detailed
thought of each letter. June 15, Y wrote: “I think
that attention today was very largely on getting the
correct feel of the movements with reference to suc-
cession—a general feel of succession and distribution.
This is quite different from having attention on making
the movements with reference to directing them in the
right direction. For this much the fngers can now be
trusted alone. They go in the right direction them-
adveq, and also d[LLll:ltLh-’ enough, generally, not to
miss. But left to themselves they go too fast, get the
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order mixed, strike two keys simultaneously, etc. This
has to be checked, and to this attention goes, which
means attending to the general feel of the order and dis-
tribution of the movements.” He was still in the stage
where a detailed atrentive following of the individual
movements was required.

[Later, as the word and phrase associations became
perfected, a higher form of “group spelling,” where
less and less attention had to be given to this succession
of the individual movements, became slowly operative.
But it went through many changes and developed more
gradually than can be described. The lower and more
detailed forms of mental “spelling”™ proved useful long
after 1t was thought that they had been outgrown.
And an actual or incipient spelling of the individual
letters persisted and was useful long after it ceased to
be consciously attended to. At the close of one of his
last practice sentence tests (July 25), when Y’s writing
was as automatic as it ever got to be, he wrote: “Just
for an mstant todayv, when my attention was half
directed to 1t, I found myself, after all, incipiently pro-
nouncing every letter as I wrote for several sentences.
I had felt for a long time that no spelling was any more
present.” In a note written at the close of a regular
daily test, June 22, he said: “In the words ‘psycho-
logical’ and ‘physiological,” it seemed today that the
reason why they are hard 1s the fact that they are not
spelled as rLd[lll‘u as other words. I have noted often
that in these words I look at the individual letters in the
copy much more than I do at other times. It 1s not only
writing by letter in these cases but also taking in copy
by individual letters.’

As a matter of fact in the actual writing at any given
time all degrees of “spelling” are to be found, from
the lowest kind used in the early stages, to the most
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habitual and subconscious sort used when the writing
1S MOSt automartic.

(¢) Locating the Keys

The group method of locating the keys, which in this
stage of advancement gave direction to-the fingers and
which was developed in conjunction with the group
spelling just treated, was described by the learners as
follows: “’There 1s a change in attitude or what not
towards the keyboard,” wrote Y May 10, “that seems
to go with the increased ability and ease in han-
dling it. I have noticed it for several days but hardly
know how to describe it. It 1s something like getting
what might be called a general motor-touch image
of the whole keyboard. As I write along easily and
pretty fast—this 1s when I am most aware of this
process—I seem to feel beforehand in what direction
the following movements are to be made and seem
further to have a vague motor knowledge of the posi-
tions of all the keys. There goes with this a feeling of
satisfaction, confidence, ease and assurance that all the
keys can at once be located as needed.” On June 6, he
said: “The procedure seemed something hike this: 1
first feel for the position of the fingers at the start, and
somewhat recognize their position and correctness.
With this as a start, a group of letters 1s struck off in
quick succession to the end of a word or to a point
where, from some cause, a difhculty arises. Then I
become aware of where my hngers are, especially of
those that are to strike the next keys wanted and those
used precedingly. With this 1s apt to go a shght visual-
ization of the position of the key wanted next and the
conscious direction of the fingers to that. It i1s pro-
nouncing the copy, the recognition of where the fingers
are, and the feeling that they are correctly placed, which
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form the basis for such a group of movements. These
groups are, however, of all lengths and succession from
one letter to several words.” At the close of one of his
daily tests at this stage Y wrote: “I make my best
speed, | think, when writing by groups, striking oft the
easy words and groups of letters very fast and then
stopping somewhat, for an orientation for the next
group. [t seems that this anticipatory ‘feel’ or orien-
tation for a word or group of letters 1s increasing con-
siderably. I have not been able to analyze 1t much.
I believe in these cases I always start with some sort
of initial recognition of the position of my fingers, 1. e.,
my orientation must be gotten at the start.  With this
much I approach such an easy word with an attitude
of confidence. 1 feel certain that it can be run through
with as a group. In writing it I am quite unconscious
of the individual letters or strokes; the correctness or
wrongness of such a group of movements is recognized
as a whole. If an error occurs, I simply recognize that
something 1s wrong but will not know what the error
1s until I stop to analyze or look at the writang.”

After several weeks” work on his practice sentence X
wrote: “Attention 1s mostly on a sort of general direc-
tion of the movements. There are ‘areas’ including as
much as a whole phrase, in which there is no directing
of individual strokes at all. The position of individual
keys, here and there, in such ‘areas’ may be thought
of but this 1s simultaneous with, or an afterthought to,
the process. It i1s hard to say what attention is on In
these cases. [ feel the movements, of course, but am
not aware that any particular stroke is right.  Another
characteristic of the writing in these easy ‘areas’ is the
fact that although there 1s no recognition of the cor-
rectness of individual strokes, an error is sometimes
very distinctly recognized immediately.  But there are,
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of course, many errors that are never recognized. These
‘areas’ are broken up from various causes, the details
of which I cannot state.”

Another important factor in the development of this
group method of locating the keys is the change which
occurs 1n the growth of the motor-tactual image used
in directing the fingers (see above, pp. 35-38). As word
and phrase associations are perfected the motor-tactual
image, which formerly was attached to the individual
movements for purposes of guidance, now, 1n this stage,
changes and comes to be attached to the larger groups
of movements representing phrases and words, and
serves to guide the group of closely associated move-
ments as a whole. All the learners described such an
image' for the practice sentence as well as for many
individual words and phrases. Y, who crowded him-
self into a breakdown stage in his practice sentence
writing (T. M.) described in detail how the correct
“feel” of the sentence as a whole had been modihed by
the mistakes, and how the wrong and unnatural feeling
aggravated the trouble.

(5) Distribution of Attention in the Syllable and Word

Association Stage

Attention in this stage is, as we have seen, chiefly
given to the mental “spelling” which controls the
sequence of the movements and helps guide the hngers.
As the individual movements become easier and easier of
performance attention advances to a higher form of direc-
tion and control, coming at last to manage the group

LIt is psychologically important and significant that all
the images which appeared in the different stages of the
writing were first prominent and distinct, then hazy and
indistinct, disappearing entirely soon after they had served
their purpose in the learning.
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of movements representing a syllable or word, first by
a detailed direction of its part members, later by a more
general guidance of the group as a whole.  Just here a
great dithculty 1s encountered; it is not easy to keep
attention focused on the mental “spelling” and its motor
accompaniments long enough to secure perfection in con-
trolling the word groups, nor lo cause it to assume the
higher forms of direction and control as fast as it 15 set
free from the oversight of the details. Failure may take
one or the other of two clearly marked directions.
(1) As attention 1s gradually freed from the oversight
of the former details 1t may desert the writing in a large
degree and turn spontaneously to the many irrelevant
associations that hover about the threshold of con-
sciousness instead of pushing ahead to a new and better
way of wniting. The learner at this stage is apt to be
caught by the law of habit and continue the writing on a
lotv plane when he should be forging ahead. Or (2) the
learner unconsciously assumes a freedom and skill which
he has not earned, and so pushes ahead to a higher form
of direction before the associations have been made suf-
ficiently automatic for this to be safely done.  The slight
conscious direction needed for so long a time to properly
perfect the associations 15 neglected and trouble and
arrested development result. The numerous mistakes in
the regular writing at this stage and the **breakdown”
in the practice sentence writing are evidence of the
reality of this tendency, and warrant our referring to
this stage as a second “critical stage” in the learning.

3. THE EXPERT STAGE

[n the expert stage, word and phrase associations have
been developed and perfected to such a degree that the
writing 1s absolutely continuous. The word, phrase,
and clause have become the unit of attention. After
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describing his practice sentence writing, towards the
last of his practice, Y wrote: “When I write several
words 1n succession in this way they run more or less
together. The movements no longer are separated into
groups according to the words. I am no longer con-
scious of the words or groups of movements which they
represent but have my attention on getting through
with the sentence as a whole and on a general control
of the successions of movements required to write 1t.”
On another day he wrote: “I now write several words
without getting my attention at all on any of the sepa-
rate movements. At the same time I do not seem to be
very conscious of making them in groups, a group for a
word, etc. They seem to be more continuous.” Still
later he wrote: ““There seems to be no grouping of the
movements according to words or even phrases. There
1S now no grouping except as caused by particular
difhculties.  Without such dithculties the smooth run-
ning-along of the writing would seem able to go on
indefinitely.” An association was even formed between
the last and first part of this practice sentence so that
the repeated writing of the sentence was absolutely
continuous on the records, as was the writing of Miss
Carrington, the expert (compare Figure 5, facing p. 118,
record, H).

In the regular writing of the latter, words and groups
of closely connected words had taken the place of the
single letters and were r{:ncted to mentally as wholes,
1. e., the sight and pronunciation of the words or the
phrase called up at once as a w hole a sort of semi-
conscious feeling of the necessary movements. This
was all the copy meant to this writer. Attention was
pushed ahead of the hands as far as possible (usually
four or five words), a sort of backward regard being
maintained for the general direction of the actual hnger
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movements, the whole course of the movements being
held in the span of attention. The advantage of thus
gerting the copy several words ahead of the hands 1s
that special attention can be given to any difhculties
which may arise, for all words and letters are not
equally easy even for an expert.! Some letter sequences
are difficult because the spelling of the words 1s not auto-
matic. When such words occur in the writing there 1s a
redistribution of attention, but the writing 1s never
checked 1f attention 1s working perfectly. The atten-
tion span may be shortened as attention 1s given to the
solution of the special difhculties foreseen, but the hands
never catch up. Many special problems are thus solved
and unusual manipulations of the machine or paper may
be made without any noticeable check on the speed of
writing, because the copy 1s gotten so far ahead of the
hands. The true expert whose attention is properly
trained can go unchecked in her writing until stopped
by fatigue.

One of the most serious difhiculties encountered in the
expert stage 1s caused by interference of associations.
In the formation of word and phrase associations all
possible sequences of letters and words must be abso-
lutely learned. Unul the associations for the words
“the” and “this,” for example, are both perfect, the
writing of the “th” in “the” may end in “is” unless
the strokes receive individual attention. The same
holds for the syllable, word and phrase associations.?

'The words “number,” “states,” ““business,” “acquisi-
tion,” “but,” and a few others gave trouble to Miss Car-
rington, and she could read only a certain distance ahead,
rhu latter varying with the copy, her mental freshness, etc.

* It should be added thar this dithculty 1s also present in
earlier stages of the wniting (see p. 91) and disappears as
soon as both words or phrases become automatic. When
an association for both groups of letters has been perfected
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The order in which words come in the sentence thus
becomes important. An association is soon built up
for certain orders of words, and whole groups of words
when coming in this order can be dashed off with much
less attention than other arrangements of the same
words. The possibilities of word combinations are,
however, enormous, and the formation of perfect asso-
ciations for all the combinations is impossible. A pos-
sibility of interference 1s, therefore, never absent and
enough attention must always be given to the separate
words and phrases to avoid such pitfalls. By keeping
from four to five words in mind at once and keeping
part of the attention on these separate words the neces-
sary supervision can be given.

(1) Getting the Copy

The copy 1n this stage was gotten by reading it a word
at a time, but, as has been said, a number of words
ahead of the hands. The eyes were kept on the copy
continuously. Each word was incipiently pronounced
but in a peculiar way. For an easy word the pronun-
ciation was incipient only and free from accents; for a
long or difhicult word the pronunciation was by syl-
lables variously accented or emphasized. All this was
brought out clearly by having the expert read her copy
aloud as she wrote 1t. There was often a pause also
after the pronunciation of a word. But this was not a
waiting for the fingers to write the word, as they were
regularly several words behind; neither did it seem to

there is something about their pronunciation that properly
guides and controls the series as a whole. This agrees with
the results of Munsterberg and Bair.  Compare Munster-
berg’s Experiments on Association, Beutrage, Vol. 1, Heft 4,
F luhmg__, 1892, pp. 1-146; also Bair’ '-. Study “The Practice

Curve,” Psy. Rev. L-'m: Suppl., Vol. V, pp. 38-48.
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be a matter of their finishing a group of movements so
much as getting a sort of mental adjustment for the
word, necessary for its writing, and perhaps also to
having reached the limit of the writer’s attention span.

(2) Initiating and Directing the Movements

It was this incipient or actual pronunciation of the
words, itself a refined form of the group “spelling,”
operative in the previous (word association) stage, that
now initiated and directed the letter-making move-
ments. The incipient or actual pronunciation of the
words somehow directed and controlled the sequence
of the letter-making movements. The former group
spelling and the psy chn}pln sical processes involved in
locating the keys in the previous stage have fused into
this highest form of “group spelling,” the reading of
the copy. But the direction given to the letter-making
movements as well as the control of their sequence 1s
of a more general nature now. At certain spots in the
general writing and during fatigue a more detailed
spelling occurred, but even this was more dLI‘E{}I'['l;lthd!h
performed 1n thu, stage. 1he pronunciation of the
word or phrase starts the series of movements, each
succeeding movement bemg mitiated and directed by
an unconscious regard for the motor-tactual images of
the immediately preceding movements.

(3) Distribution of Attention
Attention in this stage 1s, as we have seen, largely on
pronouncing the copy, the substitute for the mental
“spelling™ and locating processes of the previous stage.
But a little attention 1aust still go to the control of the
hands, keeping track of where they are and urgine
them forward. A part also goes to a sort of general
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control of the sequence of the movements. That the
order of the movements and initiation of the separate
groups 1s not entirely automatic even at this stage but
must be carefully and cautiously guarded at times to
prevent mistakes, is certain. The function of attention
in anticipating and solving these difliculties has already
been mentioned and will be treated fully below where
the more general habits formed in reaching this stage
are described.

The expert stage i1s normally not one of relaxation,
but quite the opposite. Attention though, perhaps,
more habitual 1s even more completely centered on the
work than at any other stage of advancement. Espe-
cially is this true when the expert 1s at her own highest
level. In discussing the writing of an international
contest Miss Carrington remarked: “If, when I am in
a contest, the thought ever flashes through my mind,
‘I wonder how my rivals are getting along,” I know I
have lost.”

The role played by attention in the attainment of
this expert stage will be described in Chapter V below.
Certain special habits of attention were formed in the
course of the practice which are as important for learn-
ing as the development of any of the special habits of
manipulation so far described. These habits of control
are described in Chapter V.



CHAPTER IV

DESCRIPTIVE ANALYSIS OF LEARNING
TO WRITE BY SIGHT

In the S. M. of typewriting where the letters on the
kevboard are located by the eyes three distinct prob-
lems confront the learner: (1) Memorizing the copy,
which, with the distraction occasioned by the writing,
was bv no means easy at first; (2) shifting attention
from the copy to the keyboard and vice versa; and (3)
writing what had been memorized. The most expert
sight writers among our subjects had not even ap-
proached the economical method of getting the copy
used by the touch writers. In the semi-expert stage the
eves had still to be used to guide the fingers. In the
expert stage the sight writers have reached, but in a
more round about wav, a method of writing not essen-
tially different from that used by the touch writers.
That 1s to say, to acquire a truly expert skill the habits
of the touch writer, towards which the whole learning
seems to move, must be acquired. But in the learning
some marked differences occur.

In the beginning the sight writers have a great ad-
vantage; in the fourfold process' of the earliest writing
(spelling or pronouncing each letter of the copy, locat-
ing it mentally on the keyboard, getting the fingers to
the kev, and executing the stroke), sight learners have

"In the Sight Method where the copy i1s memorized, get-
ting the copy becomes a separate problem for the learner
as we have seen, so that in the earliest writing by this method
there are four steps instead of five as in the T. M. learning
(compare p. 31).

59
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a distinct advantage in executing the second and third
steps. A glance of the eye takes the place of the men-
tal location of the keys, a mechanical touching of the
key upon which the eye 1s fixated, that of the tiresome
feeling after an unseen key. But the sight writer has
three problems to solve, the touch writer but one. In
the T. M. getting the copy presents no separate task
or difhculty. The working psychosis is uniform. In
the S. M. the copy must be learned and somehow held
in mind until written. This involves not only extra
labor but a troublesome shifting of attention and a
mental readjustment each time the writer turns from
the business of copy getting te the manipulation of the
keyboard and vice versa. This, together with the fact
that the associations to be formed are not developed in
the most economical way, makes learning by the 5. M.
much less efficient than by the T. M.

We shall be chiefly concerned in this chapter with
two of the four steps involved in the earliest writing,
the first, pronouncing each letter, which presupposes
learning the copy, and the second and third taken
together, locating the keys. The final step, striking
the keys, was doubtless, like the others, changed by
practice, but on this point we have no special data.

I. GETTING THE COPY

From the objective records it was found that skill
in taking the copy increased almost pari passu with the
increase of skill in writing. At all stages memorizing
the copy took, in round numbers, about a ffth of the
total time. During his first test X spent 185.5 seconds
out of a total of ten minutes mn learning his copy; in
his fifth test he still spent 165.75 seconds. By the tenth
day he had, however, decreased the amount of time
spent in learning the copy to 96.25 seconds. After he
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had been writing a month he still spent an average of
115.4 seconds a day (average for 10 days, M. V. 5.677)
and during the last ten days of his practice, after he
had been working for 164 days, he spent an average of
125.85 seconds a day (M. V. 9.21) though of course
the actual amount of copy now learned was nearly six
times as great as during the hrst days of practice. Z,
during the first 10 days of his practice, spent on an
average 129.4 seconds (M. V. 11.7) out of the regular
10 minutes of the test in learning his copy. After 70
davs’ practice he sull spent, for the next 10 days, 123.6
seconds per day on memorizing his copy (M. V. 4.44).
For both learners, skill in taking the copy increased,
therefore, relatively, a lictle more rapidly than skill in
writing it.! |

While the relative gain 1s thus small, the absolute
gain per word 1s considerable. The first day X wrote
he spent on an average 2.13 seconds 1n learning each
word he wrote. By the fifth day he had cut this down
to 1.34, and by the 15th day to 0.58 seconds per word.
From this rime on improvement was very gradual.
During the last 10 days of his practice, after 164 days,
the average time spent in learning each word was still
0.47 seconds (M. V. .04756). The average time spent
by Z on each word of the copv was for the first 10 days
of practice 1.25 seconds (M. V. .30); and for the last
10 days of practice, when writing at almost the 1dentical
rate of speed attained by X after 164 days of practice,
was .50 seconds (M. V. .025).2

'"This must not be understood to be a gain in immediate
memory. Some of the gain 1s due to the facr that, because
of the increased skill in writing, the copy had to be retained
a shorter time.

*T'he notable difference seen in the amount of time spent
by X and Z in learning the copy in the frst few tests 1s
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The amount of copy taken at a time and the amount
of time spent in learning each word varied with the
same learner on different days. On Feb. 2oth, X spent
88 seconds 1n learning a copy of 205 words, an average
of 0.43 seconds per word. Three days before it took
him 138.75 seconds to learn 184 words or .75 seconds
per word. On Feb. 2oth he remembered on an average
7.89 words each time he looked at the copy. Three
days before only 4.97. After six months’ practice he
spent 109.5 seconds on a copy of 283 words. Two days
before he had to spend 141 seconds in learning 286
words, an average of .35 seconds per word for the former
and .53 seconds for the latter. The other subjects
showed variations equally great.

One of the results of practice was to reduce this

probably due to different methods of learning it. X was of
a mixed visual-motor type and learned his copy by incipiently
reading it. It was never actually pronounced but a bodily
motor sanction generally accompanied or followed the course
of the eyes in reading. On off days and at times of great
difficulty there was a distinct nodding of the head and swing-
ing of the body and a more distinct motorization back 1n
the throat for the difhcult words. The motorization was
noticeably stronger in the early stages of practice and grad-
ually disappeared with the increase of skill. Z was of the
auditory-motor memory type and got his copy by motor-
izing it as he read it. In the early stages of practice this
motorization was so prominent that the experimenter could
understand every word of the copy he was learning. With
increased skill this motorization became less and less ap-
parent. Accessory bodily movements and strong motori-
zation went together. When the work was so hard that Z
used every muscle of his body to help him write, the motor-
1ization was strongest. It also varied in degree from day to
day and during a test, becoming weak or strong according
as the difficulties lessened or increased. Z’s more complete
motorization of the copy seems to have helped him in learn-
ing his copy in the early stages of his practice.
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irregularity.  The subjects learned to reckon with the
fact that their ability to deal with the copy problem
varied from moment to moment and from day to day
and gradually developed a way of successfully meeting
the difficulty caused by these variations in ability to
hold the copy. This was shown in a striking way by
the decline of the mean varnation. Taken for the whole
period of practice and calculated for periods of ten
days, the mean variation shows almost a regular de-
crease as the practice goes on, for both the amount of
time spent 1n getting the copy and for the average time
spent in learning each word, indicating the decrease of
irregularity in this part of the work.!

The objective records further showed that the mem-
ory span of the beginner 1s very narrow. He writes as
a rule less than two words before he must again look at
the copy. If the copy 1s made up of short simple words
like “1s,”” “the,” etc., he can hold as many as two or
three words at a time. When the copy is difficult and
the letters hard to ind on the kevboard he can remem-
ber but a part of a word at a time or at most a single
word. There were many cases in the first practices
where the word was forgotten in the very act of writing
it. The average number of words remembered after
each look at the copy was on the hrst day, for X, 1.88;
for Z, 1.39. Z spent 5.07 times as much time per word
in learning his copy the frst day he wrote as he did on
the day showing his highest score, and remembered
four and one-half times as many words each time he
looked at the copy.

A certain skill in getting the copy is soon developed,
however; on his seventh day’s practice X held an aver-

_—

Tt 1s perhaps signihcant that this irregularity was again
increased during the periods of practice represented by both
of X’s plateaus.
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age of 4.09 words for each glance at the copy; in nine
days 7 was doing as well. After this the average num-
ber of words that could be held with one reading in-
creased but slowly and showed great variation from
day to day. On the last 10 days of his practice Z re-
membered but 5.60 words each time he looked at his
copy (M. V. ?49 ); after 164 days of practice X remem-
bered but 5.26 (M. V. .370). One effect of practice wa
that the subjects learned how much copy they CDuld
successfully hold and how to divide it more economi-
cally, 1.e., the 1iregularity in the length of the bits of
copy held was much reduced. It was also soon forced
on the attention of the writers that when the copy was
not firmly held the writing was not only more difficult,
but more unpleasant. Any difficulty in recalling the
copy caused trouble on the keyboard and any dlfhculty
on the keyboard made the copy slip out of mind. Con-
sequently the habit of stopping when one had as much
copy as he felt he could surely carry, was unconsciously
fallen into by Z and purposely adopted by X, a factor
which counteracted the strong natural tendency to
overstep one’s attention span.!

A process of refreshing the copy sometimes took place
during the writing, whenever the copy tended to slip
out of mind. But this was rarely necessary, for the
copy was either totally forgotten or firmly held in mind.

—m

1 The writer was mate lnlh influenced by his study of the
drum records of his writing which had shown him the rapid
gain he was m;lLil‘lg in this part of the work. He became
interested in the gain he was making by increasing his imme-
diate memory span and began to make a special effort to
carry longer and longer bits of copy until he clearly over-
stepped his limits. Hence his conscious adoption of the
method of Z. 7 was also prone to overstep his ability in
midmg copy at first.  But he soon unconsciously learned to

cal successfully with this phase of the work.
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Both learners observed that whenever such refreshing
occurred, the writing was always retarded, and mn the
earlier stages, completely blocked. In the later stages
attempts to recall the copy seemed to interfere but
little with the writing.

We have used the phrase ““forgotten or held in mind”
but according to the observations of the learners the
copv was not really held in mind, but recalled word by
word as needed. As Z descnibed 1c: “*The copy 1s held
in motor memory. In writing, it unravels just as it was
learned. I never remember 1t as a whole. Only the
word I am writing 1s present in consciousness. | his
word, as it 1s finished, calls up the next, then the next
and so on. The moment I attend to the copy by way
of refreshing 1t, etc.,, a mistake in the writing 1s sure to
occur and I forget the copyv. If the copyv is even slightly
attended to my writing 1s retarded.”

[n a later stage the meaning came n both to help and
to interfere with the work. In the earlier stages of
practice, inding and striking the keys was such an all-
absorbing problem that the meaning of what was
written was but hittle regarded. Later it began to play
an important role for memory and recall. Not only
the meanming of the copy but the general style of the
author transcribed, aftected the ease with which the
movements were made. The meaning served as a hin-
drance in two ways: (1) Previous associations called up
the wrong word, the order of a series of adjectives was
often changed and the learner nchned to alter the
wording of the copv, substituting words of his own for
those of the author without bemmg aware of 1t.  But the
words changed always conveved the general sense of
what was written showing that it was the thought, not
the words that was held. (2) If a passage was unusual
or obscure, 1t had a tendency to retard or to actually
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block the work. Any grammatical mistake or hard,
unusual construction always checked the progress of
the writing. As still more skill was acquired more
attention could be given to the meaning of the copy.
In the last stages of practice it was not an uncommon
observation for the learners to catch themselves specu-
lating about the meaning of what was copied, criticis-
ing it, perhaps carrying on an elaborate discussion with
themselves as to its value or significance. How much
the writing was interfered with by these speculations it
1s impossible to say. That 1t made the wrniting slower
and caused 1t to be done on a lower plane than was
possible at the time 1s certain.

The specific kind and amount of help given by the
meaning and style could not be determined from our
data. The evidence gathered on this point from the
learners’ notes was sufhciently strong and pointed, how-
ever, to force the conviction that Bryan and Harter’s
belief in Specific Grammatical habits (Psy. Rev., Vol.
VI, pp. 363-367), was well founded. An author’s gen-
eral style as well as the meaning of what is written cer-
tainly serves both to facilitate and to retard the writing
by making the copy easier or harder to get and hold, as
well as easier and harder to write.

2. THE SHIFTING OF ATTENTION

In the S. M. writing two distinct psychoses are
required, one for learning the copy, another for writing,
and the change from copy getting to the writing and
vice versa caused the beginners not a little dithculty, A
complete mental readjustment had to be made each
time a change in the work occurred. That such a read-
justment was required 1s suggested by the fact that all
learners disliked so much to make the change, which
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had the same effect on the writing as a bad mistake or
sertous distraction. Moreover, the drum records showed
that the first letters and words of a new bit of copy were
written much more slowly than the middle or last
words. AsZ expressed it: ““Learning more copy makes
me lose my run on the keyboard. It always takes a
little time to get back into the easy flow of the writing
movements after a bit of copy has been learned.”
“Almost as soon as one is well adjusted to the writing,”
wrote X, ‘“he must stop to get more copy, a distinctly
troublesome and disgusting feature of the work.”

To get some indication of the loss occasioned by this
necessary readjustment and to hnd out more about
what this loss meant psychologically, the following
tests were made. ‘Three subjects were each given six
tests 1n copving and six tests in writing from dictation
and the results compared. On one day the dictation
test was given first, followed immediately by the copy-
ing test; on the following day, the copying and then the
dictation tests were given. All the writing was {rom
the same article in the American Journal. The results
of these tests showed that the subjects could write on
an average about a third more from dictation than they
could from copy. From the records taken of their
regular writing at this stage of skill it was found that
each subject, when writing from copy, spent on an
average about one-hfth of the total time of any test in
learning his copy. Subtracting the actual time con-
sumed in learning the copy from the average gain as
shown by the dictation tests we get in round numbers
2-15, a rough indication in terms of time of the amount
of distraccion caused by the necessary readjustments
to the keyvboard. In reality the amount is much greater
for the dictation in our tests was very faulty, the writer
frequently having to stop to wait for more copy, or



68 THE PSYCHOLOGY OF SKILL

even to call for it, which interrupted the flow of atten-
tion almost as much as the natural alternation in copy-
ing. If the dictation had been perfect or if the same
amount of practice had been had in writing from dicta-
tion as in writing from copy the percentage of saving
would have been much greater.

The introspections of the learners Sht:m ed that in the
dictation tests the attention could be more easily and
uniformly held on the work. One of the subjects often
failed to respond to the bell at the end of the line, con-
tinuing to write until stopped by the machine. In all
his writing from copy this never occurred. Another
subject reported that 1t was much easier to keep atten-
tion where 1t belonged when the copy was dictated; his
attention could be held, he thought, more uniformly to
the task of ordering and directing the movements.
This had the effect of setting the movements on hair
triggers, as it were, accounting for their increased facility.
A third subject observed that it was the mental adjust-
ment, made 1in advance to the letters and words, that
was broken up and interfered with each time attention
was turned from the keyboard to the copy and vice versa.
As he expressed it: “When adjusted to the writing,
individual letters can be more easily located and struck,
attention more economically used and the movements
better joined together in series.”

With practice and increase of skill the dithculty occa-
sioned by this shifting of attention slowly disappeared.
In the most advanced stages of practice the readjust-
ment gave little or no trouble at all, the learners turning
from one phase of the work to another as easily as a
railroad president or manager of a large department
store turns from one part of his business to another
(compare this study pp. go-92).
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3. LEARNING TO WRITE
(1) Letter Association Stage

a. Finding the Keys.—As in learning to write by
the touch method an essential part of the earliest learn-
ing was learning the keyboard or forming an association
between the actual or incipient pronunciation of the
letters and their exact position on the keyboard. Z
learned the keyboard perfectly by means of a sort of
spatial mnemonic,! in the five or ten minutes he was
being shown how to manipulate the machine and given
instruction concerning his part in the experiment. At
the close of his first half hour’s test he could draw the
whole kevboard perfectly from visual memory. In ali
his writing for the first few days the spelling or pro-
nouncing of the letters called up a visual image of the
letter wanted 1n i1ts exact position on the keyboard;
this served as a necessary cue for the hands and eyes
in locating the keys.

X learned the location of the letters on the keyboard
in a different and much more laborious way. If the
position of a letter was not known—and 1n the begin-
ning the exact position of none of the letters was known
—there was an aimless wandering about over the key-
board in search of it.  This happened for all the letters

"' While the experimenter was adjusting the apparatus and
showing him how to run the machine he mentally divided
the keyboard vertically into two equal parts, the dividing
line cutting the Lt‘uhnu(l between the ¢ and vy, g and /, and

b and n keys. Certain letters were then, by means of tem-
porary associations, located dehnitely on each half of the
board. These letrers were hxed in memory by remembering
that they went either with the nghe or left hand.  All the
I{_Ttl TS for the n;_,ht |mm| were located with reference to the

“p.”" “m,” and **n,” those for the left hand with reference
to the 2" and “¢.”
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until an association was perfected between the inner
spelling and the corresponding eye movements or move-
ment of attention required to locate the keys. A motor
image of the required eye movements or movement of
attention served as a necessary cue for X’s eyes and
hands in all his early writing. At the close of his sixth
regular round of practice only 20 out of a total of 42
keys could be located from visual memory. An attempt
was made to draw the keyboard from visual memory
each day after this but it was not until four days later,
the tenth day of his practice, that a complete map of
the keyboard could be drawn from wvisual memory.
The fact that the visual image of the keyboard began
to get hazy and dropped out of memory scon after this,
and that all keys could be readily found by the eves
before this visual image of the keyboard was developed,
are proofs that in X’s case the cue for locating the keys
with the eyes was given by something besides a visual
image of the keyboard as was the case with Z. Xs
visual image was doubtless developed by his effort to
draw the keyboard each day after the test.!

The mental location of the keys (the visual image for
7, movement of attention for X) serves, as has been
said, to guide the eyes to the keys. In the earliest
writing each key had to be separately hxated by the

! An incident observed accidentally by X and afterwards
verified, shows that the eyes were not directed by a visual
image of the keys. One morning before gerting up X ob-
served that he was thinking of his problem and actually
going through with a sort of mental writing in which the
keys were always first located by a movement of attention
to the exact location of the keys. The visual image which
was prominent in this play writing, in every case came in
after attention had moved in the right direction and distance
and stopped, i.e., after the incipient eye-movement or motor
memory 1mage had been carefully attended ro.
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eves, a second actual spelling being required to iitiate
the letter-making movements. That is to say the word
had to be spelled twice, first to start the locating
process, again before or as the keys were struck. As X
expressed it: “I have to spell out the words in a
whisper as I write them. The movement does not
follow the thinking or focusing of the letters but the
saving of them.” The final step required to make a
letter, initiating the letter-making movement, gave
special trouble for a time. “It takes intense effort on
my part,”’ wrote Z in his earlier notes, “to bring about
the wished for co-ordinations.” In fact the strain 1s so
great that a beginner literally works his whole body
when trying to write (compare pp- 97-98). After his
fifth day’s practice X wrote: “The improvement
today seemed to be due to the fact that less volitional
effort was required to make the individual lerters.”
“The letter-making movements cannot be hurried. It
takes just so much time,” wrote 7Z, “to make the
necessary co-ordinations and movements.”

b. The First Improvement.—Improvement in the early
part of the S. M. writing is brought about, as in the
T. M., by “short circuiting’ each part of tlm: process.
Instf.ad of the spelling calling up a visual image of each
letter 1n its exact position on the LE}-b{}dl‘d (Z) or a
movement of attention to its exact location (X), fol-
lowed bv a hxation of that key by the eves, a second
spelling initiating the final movement for making the
letter, each step in the process grows easier and easier
until the four become one in consciousness. The first
spelling or pronunciation of a letter calls up always
more easily and quickly its location on the keyboard, a
process which very soon fuses with the movements of
the eves required to locate the key. The eyes in turn
become more and more prohcient in hxating the differ-
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ent keys. They come to move in a more definite and
economical way, making the focusing of each individual
letter easier. The individual finger movements that
follow the fixation of the keys likewise become easier,
while the spelling required to set off the stroke becomes
more and more incipient until the four steps can be
taken as one.

c. Distribution of Attention in the Letter Association
Stage—Attention in the frst part of this stage i1s
focused successively on the separate steps required to
make each letter—the pronouncing of the letter, think-
ing the position of the proper key, looking at the key,
the second spelling or initiation of the movement.
Later, attention is on the process treated as a whole,
The impulse for striking the keys comes to follow the
eves so closely that the whole writing attention 1s given
to getting the eves from one key to another as rapidly
as possible, and to the mental spelling which drives
and directs the eves.

(2) Syllable and Word Association Siage'

When a syllable or word association has been formed,
each kev 1s no longer separately located by the eyes,
and the letters actually or incipiently pronounced as the
separate keys are struck. Only the first letter of that
syllable or word needs to be dehnitely fixated by the
eves. This gets the hands in position and gives the
writer his bearings; the further “spelling™ or pronun-

1 Tn the analysis of this and the expert stage we are not
limited to the records and notes of the general practice of
our regular learners, X and Z. We have data from profes-
sional subjects and from the work with the practice sentence
for three subjects. The latter, before the pracrice stopped,
could write the practice sentence at a rate of more than a
hundred words per minute,
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ciation of the word calls up at once the conscious “set”
necessary for running through the whole series of move-
ments; or if the word association 1s fully developed,
each movement calls up its successor quite automatically.

a. Short Circuiting the Spelling.—When we 1nquire
into the changes that make possible the handling of
these larger wholes, we find a little of the gain due to
improved methods of getting the copy but more to the
changed character of the “spelling” which resembles
closely that already described in the I. M. learning.
The condition 1s pictured concretely in the following
notes from the observations of Y on writing his (S. M.)
practice sentence. When word associations had begun
to develop 1n earnest, he wrote: “*Some sort of spelling
1s still present I think. When I try to introspect on
this point while writing, 1t 1s distinctly there. But
when 1 do not think about it until afterwards I cannot
be sure that I am spelling the words.” Two weeks
later he wrote: ““In writing the whole sentence without
attention to whether I am spelling or not I am hardly
aware that | do any sort of spelling at all.  Occasionally
when there 1s a hitch T ind myself spelling. When 1
attend to it while writing I find that there 1s no actual
tongue movement; holding the tongue tight between
the teeth does not seem to interfere at all with the kind
of spelling that is now going on.  Yet, in this case, there
scems to be some sort of vocal ﬁ:-!luwing of the letters.
[ infer that it 1s incipient spelling, in which the actual
vocal movements are absent, as a rule, but occur when
there 1s difhculty or a hitch.  In taking one word alone
and writint it a number of times 1n succession the
motorization 1n spelling at once drops out entirely. |
then notice no trace of spelling even when I attend to it,
The whole matter then becomes a “bundle’ of finger
movements that take care of themselves, plus visual
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elements described below. As the spelling is thus drop-
ping out I find a very marked tendency to get the order
of the movements wrong. I frequently get two suc-
cessive letters interchanged in position. But more
often strike two or three keys simultaneously. When I
try to avoid this I ind myself returning to my incip-
1ient, or even actual spelling which at once corrects the
difhculty.”

Ten days later, January 24, he wrote: “I am certain
that I do not spell any of the words, very seldom pro-
nounce them. Even when there is a hitch the tendency
to spell 1s not very strong. I believe that most of the
time I am not thinking at all of what I am writing. 1
have observed numerous instances when I was thinking
of something else while writing, and found myself sur-
prised when I turned my attention again to the sen-
tence to find ‘where I was at.” The following were
written at about the usual rate, somewhat slower, while
singing a note of a familiar tune, 1. ¢., holding 1t:

Pack my box with five doen liau or jugs.
Pack my box with five doen lau r ufs.
Pack my box with five doenli ur jugs.
Pack my box with five doen hzour jugs.
Pack my box with five doen lhauor jugs.
Pack my box with five doen hau rjus.
Pack my box with five doen haur jufs.
Pack my box with five doen hau jus.
Pack my box with five dozen liquor jugs.
Pack my box withfive doz n hauor jugs.

“T am fairly certain that most of the increased difh-
culty of writing under these conditions 1s due to the
distraction caused by the novel procedure, the atten-
tion going somewhat to the singing. The cutting out
of the spelling or pronunciation of the words as they
are written by this device seems to give no trouble at
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all.” This, however, takes us into the expert stage.
Y at this time was writing this sentence at an average
rate of ninety words per minute. The greatest speed
he ever attained was but a little more than a hundred.

The spelling drops out for the last parts of the syl-
lables and words frst. “* At first,” wrote X, January 10,
“I spelled the whole word. Now I pronounce only
certain letters, usually those at the beginning of the
word. With this a whole series of letters, sometimes
including two or three words, can be made without
focusing or pronouncing the separate letters.” On
January 18, he wrote: ““In smooth, rapid writing I am
hardly aware of any motorization at all. In case of a
balk I spell the next letter or two. When for some
cause the movement 1s interfered with and comes less
easily than at my best stages [ can detect a faint motor-
1zation for all the letters made during the slow writing.
When the highest speed 1s resumed this motorization
promptly drops out for most of the letters. In this
rapid writing, one motorization for the entire word 1s
sufhcient and all that 1s given. But only in the smooth-
est and most rapid writing does this occur. Much of
the time a sort of incipient spelling takes place for all
the letters. The last letters of a word become uncon-
scious first.” At a somewhat earlier stage, while de-
scribing the spelling of a certain word, Z said: “I
notice that [ no longer spell it, but that there are two
distinct motor innervations, one before the first letter
of each of these parts of the word 1s struck.”

Both Z and X, who showed a distinct tendency to
break up the writing of the practice sentence into
groups, more or less rhythmic, often observed that the
movements for making the last letters of such a group
of closely associated letters were faster than those for
the first letters of the group. This observation the
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drum records for almost any day bear out. Some sort
of mental adjustment or general preparation for the
whole group is made before the writing starts.  Prob-
ably the most important element 1n this is getting one’s
bearing on the keyboard. In the case of letters hard
to strike or in a diffhcult sequence the “spelling” takes
more attention. Some words can never be easily or
quickly made because of the course the fingers must
take to strike them. These continue to be spelled.

The important and distinctive feature about this
change in the spelling 1s its slowness. The spelling
drops out more slowly than appears from these notes
or than can be clearly described, a fact which has
important bearings on the explanation of the learning
curves and the cause of plateaus.

b. Abbreviating the Early Methods of Locating the
Keys.—The “short circuiting™ 1n the matter of locating
the keys i1s even more marked than the changes n
spelling just considered. Throughout the letter asso-
ciation stage, as we have seen, each key had to be sepa-
rately fixated by the eyes. With practice these eye-
movements became easier and easier for certain groups
of letters and words. As Z expressed 1t: “I can now
use my eves to better advantage than ever before. 1
can look quicker and at the same time make a glance
count for more than I could.” But this 1s not all. The
finger movements soon become so fast that all the keys
cannot be fixated individually. As syllable and word
associations develop the amount of visual direction
required to locate the keys becomes less and less.
Finally some of the letters in the words are not fixated
by the eyes at all and in the end are not even seen
indirectly.

When all the word associations for his practice sen-
tence writing (S. M.) were well developed, Y wrote in
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his notes: “ As the practice continues there seems to be
less and less looking at the separate keys. In writing
the sentence through about all that now seems to be
required is that I have my eyes somewhere on the key-
board. If I do this my fingers can find most of the
keys as required, even when they are so far from the
fixation point that the keys struck in indirect vision
cannot be seen as individual keys, and nothing of the
letter on the key can be recognized. In fact, I do not
seem to make use of indirect vision at all in this case,
the fingers can measure off correctly the direction and
distance readily enough, when a starting point is given
by a visual ixation point. The following were written,
one word at a time, with the eves closed, except that
for each word the hrst letter was first visually located
on the board, and the hands put into position; the
eves were then quickly closed and the word written
rapidly, as fast as in the ordinary practice:

] ack my box with five dozen hquor jugs.
Pacm my box with hve dozen Inu jugs.

Pacm my box with five dozeb liquor jugs.
Pom my box with hve dozen lkquto jugs.

“This speed seems to be quite necessary in order to
get it correct when the eves are closed. If I go slowly
I lose myself at once; the ‘feel’” of the movements as
a group 1s lost and 1 And myself trying to locate the
kevs wanted with the aid of my visual map of the
keyboard, which 1s entirely mmadequate (he could at
this time locate only five kevs from visual memory),
and I finger along the edges, trving to get my bearings
on a visual map. This one thing, giving the finger
movements a starting point on thL LU. board, seems to
be now by far the most important thing that looking
at the keys contributes to the writing.  If the key for
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one letter in the word is seen the other keys are struck
more or less readily. The whole thing, as far as seeing
and noticing keys visually is concerned, seems decidedly
easier.”” A few days later he wrote in his notes: “I am
not at all conscious now of trying to visually find the
keys as required. I am aware that I move my eyes
about some, but they are not consciously directed, and
it 1s only occasionally that I am aware of directly look-
ing at a letter. When I do this that letter 1s often, if
not always, a starting point from which, or a center
around which, the movements are grouped. These let-
ters are apt to be the same each time I write the sen-
tence. Instances are the ‘d,” which I very frequently
see before I come to the word ‘dozen’; same for ‘f’ in
‘five,” and of ‘x’ in ‘box.” It is clear that many of the
letters I do not see at all, consciously, e.g., "o’ 1n ‘box,’
‘h’ in ‘with,” ‘2’ in ‘dozen.” The tendency not to turn
the eyes directly towards the keys in the margin of the
keyboard, e.g., ‘q’ in ‘liquor,” but to note such letters
in indirect vision and keep the eyes more on the middle
of the board is very strong. 1 believe the matter of
looking around, i.e., finding keys visually, has become
habitual, so that the fingers need much less than before
the help of the eyes to find the keys.”

This remark 1s based in part on the fact that writing
the sentence a number of times, keeping the eyes
focused on the “g,” showed no more mistakes than did
his regular tests.! Later, when phrase associations had

1 He adds still further in his notes: “Writing the sentence
a word at a time is a much slower and more dithcult process.
The words of the sentence seem to have blended into larger
groups. Writing the sentence a word at a time breaks up
these larger groups and makes me lose the *feel” of the sen-

tence as a whole.” _ _ :
A few days later in his special practice, he wrote his prac-
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developed sufficiently for the sentence to be written
as a whole, he wrote: “I am now quite aware that
visual direction is plaving a constantly decreasing role
in the writing. I am never conscious any more of
voluntarily looking for a key to find 1t to strike. There
are now large numbers of keys, perhaps a fourth, that
I do not see at all not even in indirect vision, but I
strike them correctly and quite readily. I tried again
today to determine what letters I looked at for each
word and which ones 1 struck without seeing, but I
found that it did not seem to make much difference
which one I looked at directly. One seemed to do as
well as another. My eyes move around over the key-
board considerably but since I never move them con-
sciously I infer that the eye movements have themselves
become habitual after the same manner as the finger
movements.”’

The observations of both X and Z confirmed these
observations of Y. The same letters were not always
seen. Only a very general direction needs to be given
by the eves in this stage, vision serving more to get
the hands into position and to start the series of move-

tice sentence (Pack my box with five dozen liquor jugs) a
large number of times for the purpose of nhsernng which
letters he was stll looking at.  “Of the Fnllnwmg he said,
“l am quite certain. In ‘Pack’ I look at ‘p’ :md sometimes
at ‘a,” seldom at ‘¢’ or ‘k. In "-\-T]tll"tg ‘my’ I look at ‘y’
never at ‘m.” In ‘box,’ | att{*nd to ‘b’ in indirect vision,
look at ‘x,” never think of ‘0. In ‘with,” 1 nearly always
look at ‘w,” often but not ulw:i_vs at ‘t,” seldom at ‘Y’ .'.m-:l
never think of ‘h.” In ‘hve’ I look at ‘f)” sometimes at ‘e,
never think of ‘1, or ‘v.” ‘Dozen,” look at ‘d,” sometimes
at ‘e,” am conscious of ‘z," but never see it, never think of
o, or of ‘n.” ‘Liquor,” look at ‘1, *1,” “u’” and generally at
‘r, never at ‘q’ or ‘0.” ‘Jugs, look at ‘), ‘g’ and ‘s,” never

[ L §

4l U.
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ments than for anything else. Keeping the eves on
the keyboard also increased the writer’s confidence and
was, therefore, of considerable aid. But all that is
actually required on the visual side to locate the keys
1s ixating the first letter of the group. The rest can be
located without the direct help of the eves and for the
most part with little help from consciousness.

A fact of far reaching practical significance for the
learning 1s that this visual direction given to the fingers
dropped out so graduallv. It was found that a little
help from the eyes was needed for months after the
fingers could almost be guided by the motor-tactual
image of the movements. In other words, the keys had
to be half consciously located by the eyes for a very
long time after they could almost be made by the
fingers alone. On a certain day X wrote: “Visual loca-
tion 1s now used less and less but 1 must still half
consciously see the keys. I noticed today that a letter
I thought the hngers were taking care of completely,
was still indirectly located by the eyes.” In one of his
notes Y wrote: “When I am careful enough not to
make a mistake and can turn my attention about
quickly enough after I stop writing to see what I was
doing I find that I am sull indirectly locating most of
the letters with the eyes. It 1s strongest at the begin-
ning of words and for those letters involving a jump on
the keyboard. These must stll be focused by the
eves.” The importance of this fact for learning and
its bearing on the learning curves will be pointed out
later.

An interesting question is suggested in this connec-
tion by the following facts: (1) No case was observed
where the “feel” of the movement was consciously
attended to for the purpose of guiding the hngers. (2)
The growth of the above mentioned motor-tactual asso-
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ciations was extremely slow and gradual, slower than in
the T. M. Was the growth of the motor-tactual asso-
ciations unnoticed because it was so slow as to escape
attention; or was the growth slow because 1t took place
without the spur of conscious purpose; or did both
causes operate in bringing about the result? Unul the
ceneral rvelation of consciousness to learning has been
further worked out the last 1s perhaps the safest assump-
tion (see pp. 130-133, below).

[t 1s certain that the formation of these position
habits was slower in our S. M. experiments than in the
T. M. learning, but we do not know how much we
must allow for the fact that in the case of both our
touch learners there was already a basis of motor
tendency (probably a considerable one) remaiming over,
to sav nothing about the more systematic fingering
used n the T. M. Whether any importance 1s to be
attached to the further fact that in the T. M. learning
the motor-tactual sensations were shielded much more
from the competition of the usually more dominant
visual sensations than they were in the S. M. learning,
can. under the circumstances, hardly be conjectured.

c. Distribution of Attention in the Syllable and Word
Association Stage.—Arttention, which, when the svllable
and word associations begin to develop, 1s mainly
focused on locating the keys or getting the eyes rapidly
over the kevboard, came finally, as this visual direction
dropped out, to be focused chiefly on the process of
controlling the order and sequence of the letrer-making
movements, or on the mental “group spelling.” The
stage of writing where word associations are being thus
slowly and finally perfected, 15 a very “cnitical stage”
i the learning as 1t was in the touch method. The
learner’s attention is apt to go astray and in the
same two ways as in the T. M. (see p. 53). The learner
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tries too much for speed. As X expresses it: “Atten-
tion goes to making the movements go fast instead of
to making well directed movements as fast as possible,”

r he gets lax and lets his attention wander away to
UthSldE interests as fast as released fmm the details of
the writing.

(3) The Expert Stage

When practice has continued until a sentence or group
of closely associated words can be dealt with as a whole
the learners, as in the T. M., have reached the expert
stage. This advance i1s made possible by forming asso-
ciations for sequences of words and strengthening the
word associations already formed. Locating the first
letter of such a group with the eye or pronouncing the
words is now about all that 1s consciously done and
needed for writing it. In the “practice sentence” the
associations between the words became so strong that
almost no pronunciation or conscious following of the
movements for the words could be detected. I am
now hardly conscious of the sentence at ail while writ-
ing,” wrote X in his special notes for this stage. “Only
occasionally am I aware of the word I am writing,
which, when I try to think of it, seems to be as much
suggested by seeing the keys as by pronouncing the
word. I am sure that there 1s no longer any real pro-
nunciation of the words and no trace of spelling of any
sort. The sentence merely means a group or series of
movements and the ‘feeling’ of these movements 1s the
uppermost thing in consciousness. When they go
easily and in the proper succession I am conscious of
this fact. When they are difhicult and go wrong I am
also keenly aware of the mistake. Finding the keys 1s
no longer an element. Errors are made not because
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I miss the keys or fail to properly locate them, but
because I strike them simultaneously.”

a. Short Circuiting the Spelling.—As 1in the previous
word-association stage, controlling the order and se-
quence of the movements is now by far the most 1m-
portant part of the process. “During the past ten days
or so,”” wrote Y in his practice sentence notes, ‘1 have
noticed a great tendency to get the hnger movements
mixed up. With maximum effort, especially, I would
often strike two or more keys simultaneously or 1n
wrong succession. The tendency was for the fingers to
go on by themselves and I found in many cases when
an error was made and recognized that i1t would take
special attention and effort to stop my hngers; of them-
selves they would go on to strike the next keys. It
seemed as though the finger movements were too fast
to be all followed by attention, and vet required that
attention to guide them. To prevent the numerous
errors that were made in this way I finally began to
check my finger movements and to attend particularly
to making them go in the right order. I put i1t this way
because 1t was distinctly this, rather than looking more
at the keys. I do not think that the visual location of
the keys came 1in more at all in trying to prevent these
errors. It was a matter of getting the correct “feel’ of
the succession of finger movements, and to this the
attention went.'!

That the old time spelling was finally completely

! As a matter of fact Y had to change his method of writ-
ing the sentence in the last stage of his practice, in the way
indicated, to keep from breaking down completely. He had
been writing the sentence as a whole and at a uniform rate.
He had to stop this maximum rate for the whole sentence
and go slower in the hard places and spurt at the easy sec-
tions to attain the greatest speed and accuracy.
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superseded by some other method of controlling the
sequence of the movements, 1s shown by all the observa-
tions made at this stage of development. “There is
now no noticeable trace of spelling going on while writ-
ing,” wrote Y; ‘““the following were written at about
the usual maximum rate while humming a familiar tune:

Pack my box with five dozen liquor jugs.
Pack my box with five dozen liquor jugs.
Pack my box with five dozrn liquor jugs.
Pack my box with fivedzen liquor jugs.
Pack my box with fove dozen loquor jugs.
Pack my box with five dozen I ogiuor jugs.
Pack my box with five dozen liquor jugs.
Pack my box wth five dozen liquor jugs.
Pack my ox with five dozen liquor jugs.

““The writing was not interfered with ac all. 1 could
give considerable attention to the tune without inter-
ference.”” The same test was tried by Z and X in the
later stages of their practice. On February 2, X wrote:
“There 1s no conscious spelling at all in fast writing so
far as I can see. There 1s nothing but a sort of motor
sanction for the movements as a whole. I never think
of the letters or the copy. When a difhculty occurs 1
merely have to find my place in a series of movements
instead of getting the particular letter or word. The
idea of both letter and sentence seems to be dropping
out completely. The movements for writing a sen-
tence are made in distinct groups or bunches. One
reason for this is to surely find the fhrst letter of such a
group. Some of these groups have a tendency to fuse.
The tendency seems to be to unite the whole sentence
into one group.” Five days later he wrote: 1 thought
there was a slicht motorization corresponding to the
former spelling of the letters stll gomg on, but while
writing at the usual rate today 1 could whistle or hum a
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tune without anv distraction save that caused by the
extra attention put upon the tune. When a hitch
occurred I had to stop my singing and focus my atten-
tion on the keyboard. In these cases I think some
spelling was done. . . . For several days I have
found myself attending rather carefully to the sound
made by the letters on the machine and thought this
in some way helped call up the succeeding movements
and assisted me in keeping my place in the sentence.
Today I could sing or whistle and write as well as ever,
though this shut out both the spelling and the sounds
made by the writing.”

Ten days later, February 24, the mental adjustment
for the word, 1. e., visually locating the first letters, etc.,
could very well be made while the last letters of the
previous word were being struck by the fingers. The
spelling necessary for mitiating these letter-making
movements could also be attended to some little dis-
tance ahead of the fingers, so that the writing of the
sentence was absolutely continuous. In the earlier
stages, the records showed a break or pause at the
beginning of certain words in the sentence, marking the
time required for making the mental adjustment neces-
sary for writing these groups. Now the necessary
attentive direction for running through the movements
was given ahead. The whole sentence has become a
group of closely connected movements, which attention
controls and directs as a unit.!

b. Fusion of the Spelling and Locating Processes and
Development of Motor-tactual Control—1t was extremely
hard to determine how the sequence of the movements

' The writing of our professional subjecrs showed the same
thing. For long stretches in the best parts of their records
their writing was absolutely continuous.  (Compare H,
Figure 5, facing p. 118.)
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was controlled in this stage. The learners repeatedly
stated in their notes that they often found themselves
unconscious of the word they were writing or of their
place in the sentence. X thought that the group of
movements representing the practice sentence was set
off by looking at the first letter of the group on the key-
board, and that all the rest of the movements in the
group were made 1in a wholly unconscious way. But
fixating these letters was itself habitual and semi-
unconscious, for the mental pauses, he said, might
occur at any point in the sentence. It seems that the
spelling and locating processes have fused and that the
movements are now guided, both as to direction and
succession, as in the advanced stages of touch writing,
by attentively following, at the beginning of this stage
somewhat 1n detail, later, more and more generally, the
motor-tactual image of the group as a whole.! It is to
this that attention goes. Improvement consists in
handing over more and more of this direction to the
subconscious centers and in pushing attention ahead to
the control of the harder groups encountered in the
writing.

We have seen from what precedes how the first actual
whispered pronunciation of the letters gradually gave
way to a more and more ncipient pronunciation and
this in turn to an actual and then to a more and more
incipient group spelling, itself superseded by an uncon-
conscious ‘‘touch spelling” in the expert stage, a stage
where the individual movements came tobe initiated and

! The word “following” 1s to be understood to mean for
the early part of the stage actually guiding and controlling
the movements, in the latter part of the stage as coming
after and giving a certain sanction to the processes which 1t
formerly controlled. This relation 1s true of the habits of all
orders in all parts of the work.



ANALYSIS OF SIGHT LEARNING 87

gutded by a motor-tactual image, or the sensations from
previous movements in the series, mstead of by a con-
scious spelling. But 1t hardly appears from what has
been said how very gradually these changes took place.
[t was determined that a sort of half conscious incipient
mental spelling occurred and was required for months
after it seemed that all traces of the spelling had
disappeared.

When word and phrase associations had developed
enough to noticeably affect the writing Y wrote in his
notes: ‘I now notice no trace of the former spelling,
not even when I attend to it.  The writing of this prac-
tice sentence merely means a bundle of hnger move-
ments which take care of themselves, plus a few visual
factors described below. But I have noticed for several
days a marked tendency to get the order of these move-
ments wrong. 1 often get the position of the letters
interchanged, more often strike two letters simulta-
neously. When I try to avoid this [ find myself return-
ing to my former incipient or actual spelling which
promptly corrects 1it.”” During one of his special ob-
servation tests X wrote: “‘Just for an instant today,
when my attention was half directed to it I found
myself still ncipiently pronouncing every letter as 1
wrote, for several sentences. | had for a long time felt
that no more spelling was done.”

In typewnting there seems to be a rather dehnite
limit to the organization of habits. In fact the possi-
bility of forming higher-order habits seems to vary
directly with the complexity of the work. The devel-
opment of phrase associations in the end reaches a prac-
tical limit, due to the number and variety that are used,
relatively few recurring often enough to become abso-
lutely automatic, so that no further organization is
possible in that direction. If at the same time no fur-
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ther gain can be made on the physiological side (in
greater ease and precision of fingering, etc.) and if all
possible perfection has been reached in the elemental
associations, increase of skill 1s at an end-—unless indeed
some further improvement can be made in the more
general psychical factors next to be considered. As a
matter of fact, however, since these more general habits
are acquired in the actual writing, and developed and
perfected along with the others, little progress is to be
expected after the attainment of a considerable number
of well automatized phrase habits.



CHAPTER V

SOME MORE PURELY MENTAL HABITS
ACQUIRED IN THE COURSE OF
THE PRACTICE (LEARNING
TO LEARN)

I. LEARNING TO SHORT CIRCUIT

Besides the development of the specific ““Habits of
Manipulation™ described above, their continued organ-
ization into habits of an ever higher order and the fur-
ther perfection of these, there were developed in the
course of the practice certain Habits of Control or, if
one may use the phrase, more purely psychic habits
than the special typewriting habits already described.
The first and foremost of these was the development
of a regular method of ““short circuiting™ which proved
generally helpful in the development of all the special
typewriting habits described above.

All the *habits of mamipulation” formed in learning
to typewrite go through the same general course of
development. In the beginning everything must be
done in detail, and each detail represents, at first, a
dithcult task requiring the help of many temporary
associations. A long step forward is taken when these
temporary associations and all processes, psychic and
physical, used to build up the more direct associations
are discarded under the strain of the desire for speed,
To use the development of the letter association as an
illustration, a beginner must pronounce cach letter to

89
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be struck, mentally locate it on the keyboard, go
through with a series of movements and mental proc-
esses necessary for getting his fingers to the keys, then
consciously initiate the final letter-making movement—
and this for each letter he makes. As the letter asso-
ciation is developed this step-by-step method of locat-
ing and striking the individual keys is abbreviated,
changed, supplemented, modified and hnally super-
seded by a single direct letter-making movement as we
have seen. A similar change takes place in the develop-
ment of the word and phrase habits. Each 1s built up
by means of many temporary associations and helps
which must be gotten rid of as more direct and economi-
cal associations are formed. In the course of the prac-
tice the subject learns just how long to use these tem-
porary helps and when to get rid of them; and learns
how and when to lay hold of new adaptations; in a
word, he learns how to ““short circuit.”

2., LEARNING HOW TO MEET DIFFICULTIES

Along with the learning of how to “short circuit”
there was developed an advantageous method of deal-
ing with the many special difhculties encountered in
the learning. At any stage of practice the learners
found some letters, because of their position on the key-
board or the infrequency of their occurrence, distinctly
harder to make than others. The same letter may be
easy in one combination, and hard in another; certain
words are long and difficult to spell and the reaction to
their letters troublesome; at certain stages many con-
flicting associations are formed. In the course of prac-
tice the subjects learned how to meet successfully all the
difficulties that were encountered; i particular they
acquired the habit of not shirking them, but, on the
contrary, of attending carefully to each unul it disap-
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peared. A few concrete illustrations will make clear
what 1s meant.

One of the most serious difliculties which the learner
encounters is due to the fluctuations in his own efliciency,
elsewhere fully described (pp. 164, 175-176). Our
records and introspective data show that in every stage
of progress such variations in efhiciency occur and that
they affect every part of the work. There were good
days, and good periods within a single test when every
part of the work went easily and well, other days and
periods when every part of the work had to be forced.
It was found for examnle th'tt a touch writer when
writing copy of approximately the same degree of ditli-
culty made during certain minutes of a test from two to
two and a half times as many strokes on the machine
as in other minutes of the same test and this when
trying to write at a maximum rate throughout. Vara-
tions in his daily eficiency were almost as great.  Witch
practice the subjects learned to reckon with the fact
that their ability to deal with the problems involved 1n
the learning varied from moment to moment and from
day to day, and gradually developed a way of meeting
this variation in efficiency more and more successfully

Another difficulty of an objective sort, but leading to
a like absence of uniformity was fuuncl in the difference
in the copyv, especially when the S. M. was used. Long
words were found harder to retain than short ones,
unusual words than familiar ones; a short sentence was
more eastly memorized than a long one, one that could
be easily broken up mnto units of thought of the proper
length than one whose form or meaning was obscure.
In order to get the best resules the learner had to take
into constderation all the difhculties which the nature
of the copy presented. He learned to gauge more accu-
rately his ability to hold that partcular copy on that
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particular day. On off days and during his bad periods
he involuntarily lessened the amount taken, read i
more slowly and carefully, motorized it more strongly,
etc. The moment it began to get so vague as to inter-
fere with the best work on the keyboard it was refreshed.
In the early stages of practice this was not done. The
effect of practice in this regard was shown in a striking
way by the mean variation for the average amount of
time spent upon each word of the copy and for the total
time spent in learning the copy. As practice continued
both decreased showing that in the later stages of prac-
tice there was much more regularnity from day to day
in the matter of getting and holding the copy.

Another difficulty that had to be mastered by the
learners was due to interference of associations to which
reference has already been made (compare pp. 54-56,
108-112, below). This difhculty gave special trouble
at certain rather definite stages of advancement. AsZ
expresses 1t: “When syllable and word associations
have been almost perfected a sharper attentive direc-
tion 1s required to prevent interference of associations.”
In the course of practice, however, the subjects learned
so to manipulate and control their attention and effort
that fewer mistakes due to this cause occurred.

Perhaps the most serious dithculty unconsciously
eliminated in the course of practice was that occasioned
by the “shifting of attention” n the S. M., already
described. This was completely mastered (see pp.
66-68). In short the expert typist has learned that 1t
pays to meet squarely every dithculty as 1t occurs and
to conquer it at once. We might almost say that her
nervous system knows that she must go slow enough to
avoid every mistake. She never gets “rattled” and
seldom loses her typewriting psychosis.  The amateur
has not yet learned the practical significance of avoid-
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ing mistakes, so crowds himself into his undoing on the
“bad days’™ and at the “critical stages™ in the learning.

Teachers of tvpewriting have attempted to guard
against the evil effects caused by an improper adjust-
ment to all these difhculties by giving special practice
on the harder combinations of letters and by having
their learners practice most of the time with special
reference to accuracy and only a part of the time with
attention directed to speed. This has the effect of
reducing the number of special difhculties encountered
at any one time and makes the writing more even.! A

' Mr. Harold Bauer, the celebrated pianist, in speaking of
the grind of practice which many pupils think essential to
thn development of piano technic, said in an interview:

“I have found in my own experience that 1t 1s absolutely
unnecessary. | was a violinist first, as you know, and the
carcer of a pianist was, in a way, forced upon me after I
was grown up. But I have never regretted the time spent
unh the violin—it taught me how to practice.

“When I realized that I was to become a pianist, I held
a consultation with myself. 1 had practically no piano tech-
nic, and I realized that I had not time to go through years
of merely mechanical work, so the question w as, How to
achieve the best results in a limited time? And in working
out the solution of the problem I found that properly directed
mental work away from the mstrument reduced the amount
of necessary mechanical practicing to a minimum.

“I made out my programs and picked out of every com-
position the passages that offered me the greatest difficulties.
Upon analyzing these, I found that m every such passage
there was one special sticking-point, and that when once the

right position of the hand for it was decided upon, all the
rest of the passage was simplihed.

“This theory | have applied in my teaching with excellent
results. Analyze the passage that seems to bristle with dif-
heulties, pick our the most dificult spot—there 1s always
one particularly refractory measure on which everything else
hinges; master it, and the position of the hand then prac-
tically determines the position of the hand for the whole
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fact worthv of special emphasis is that our learners, who
were left without the guidance of a teacher, worked out
unconsciously a method of dealing with the special diffi-
culties encountered in typewriting, that had the same
result 1n the end.

The degree and nature of the gain made in the forma-
tion of this general habit varied with the stage of prac-
tice and for the different subjects. Some learners paid
dearly for their lesson. At the “critical stages™ the
difficulties generally got the better of the learners and
caused retardation and arrest of development. But it
was at such times as these that the evil effects of mis-
takes became apparent and forced the formation of this
most necessary habit.

3. ACQUIRING AND MAINTAINING A FAVORABLE
ATTITUDE TOWARDS THE WORK

Another general habit formed in the course of the
practice was the development of a generally favorable
attitude or helpful feeling tone, which, in the expert
stage of writing, approached the condition of steady
interest. | he following changes in the learners’ atti-
tude were observed as practice progressed. In the
beginning all the learners were greatly interested in the
work. They enjoyed the practice thoroughly and were
always anxious to take up the work anew each day.
The accompanying pleasant feeling tone seemed to
have a reciprocally helpful effect on the wrniting, and
the learner’s attention seemed of 1tself to remain con-
centrated on the work.

Continued practice, however, brought a change. In

passage. | encourage my pupils to do as much work as pos-
sible away from the instrument, though of course that
depends largely upon the student’s capacity for mental con-
centration.” (Musician, Sept., 1908, p. 403.)
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place of the spontaneous interest of the beginning,
attention, as we have already seen (p. 53) tended
strongly at certain stages of advancement to wander.
A general feeling of monotony which at times approached
the feeling of utter disgust, completely changed the
learner’s attitude. The writing became a disagreeable
task while the unpleasant feelings hindered the wrnting
and learning, perhaps directly, and certainly by draw-
ing attention from the work to themselves. Such ex-
pressions as the following were prominent mn the notes
at this stage: “I have not noticed for a long time any
favorable attitude resulting when I can write easily and
fast. I formerly felt good as a result of knowing this.
But the ‘fun’ of writing 1s wearing off and has reached
the indifference point long ago. The writing today ap-
proached the nature of a *bore.”” A few days later the
same subject wrote: “The practice 1s now a decided
‘bore,” the writing a provoking task.”

As still greater skill was acquired this unfavorable
attitude disappeared. All the learners again took an
interest in the work; their general feeling tone once more
became favorable and the writing movements distinetly
pleasurable.  Their acquired habitual attention ap-
proached or even exceeded in perfection the eager spon-
taneous attention with which they began. In his notes
for the last stages of his * practice sentence” writing, X
said: " I'would now rather write than to eat. I keenly enjoy
the “feel’ of the movements because I can make them
correctly and fast.” This was also the attitude of Miss
Carrington, the expert. She took an artistic pride in
the fact that she struck her letters with so near the
same mtensity that they were as perfect as the best of
print. She could copy or write a practice sentence until
fatigued and thoroughly enjoy 1t. To her the writing
scemed like play and was as much enjoyed, though she
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worked harder and paid closer attention to the work
than did any of the blundering learners who disliked it.
Developing this permanent interest in the work was
one of the accompaniments of the learning.

4. LEARNING TO KEEP ATTENTIQON FOCUSED
ON THE WRITING

Almost inseparably associated with the development
of the generally favorable attitude of feeling just
described, there went the development of a habit of
rapt attention. In the early stage of practice there
were frequent lapses of attention, periods long and
short, when attention naturally turned to outside
interests instead of being focused on the work and
pushed to higher forms of direction as soon as possible.
Other periods when the mind was a blank, the reaction
slow, and the writing done on a lower plane than the
learner was capable of at the time. When expert skill
was attained a habit had been formed of keeping atten-
tion so constantly applied to the task in hand that
nothing could distract. What the relation between
the “favorable attitude of feeling” and the rapt
spontaneous attention is it 1s impossible to say. It
seemed to be the favorable mood that made 1t possible
for the learner to keep his attention so constantly
focused on the writing that irrelevant stimul could
have no effect. In fact the development of the
favorable attitude of feeling might be stated in terms
of attention and interest, for with it there always went
the ability to keep attention closely riveted on the work.
Close attention to the work, success, improvement, and
a pleasurable feeling tone always went together (sece
pp. 201-200).

The necessity for developing such a habit of attention
can easily be seen. The natural tendency to lag (a
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principle of mental economy) continually favored the
lower-order habits, those most easy and automatic.
Long after a way of locating or making certain letters
and words had been superseded by a higher and better
way the old habits tended to recur at every relaxation
of attention. This tendency could be overcome only
by keeping attention so persistently and strenuously
applied to the writing that the highest possible habits
were used. It was the development of this habit that
forced the learners to make new adaptations and short
cuts in method and that enabled them to leave the old
and less economical ways of writing behind as fast as
they were suthciently perfected to permit the develop-
ment of the new and better ways.!

The development of this habit of wrapped attention
or interest, and the acquisition of a generally favorable
feeling tone 1s as important for learning as the develop-
ment of any of the special “habits of manipulation”
described above.

§. LEARNING HOW TO ATTEND AND TO
ECONOMIZE EFFORT

Another mental habit, one closely allied to the two
which immediately precede, and one of major impor-
tance, I shall, for want of a better name, call *“learning to
attend.” In the early stages of practice the learner’s
efforts were not always well adapted to the work. Many
purposeless motor discharges accompanied the writing,

'In discussing Bergstrom's theory of interference of asso-
ciation (Psy. Rev., Mon. Supp., Vol. V, p. 47) Bair says:
“If there 1s actual interference as dehned above, it is due
to indisposition rather than inability. We become a slave
to a habit because we will not make an efforr to free our-
sclves from 1t by a better or more desirable one.” (Compare
this study, pp. 124-129.)
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such as rigidity of the body, jerky and meaningless
movements of the hngers and hands, all sorts of overilow
movements, affecting various parts of the learner’s
body. The learner’s energy could neither be released
in the right amount nor advantageously directed. The
following phrases are taken from thé experimenter’s
observations of Z in his earlier tests: “Hammers the
keys, spells so loudly that he can be heard in all parts
of the room, constantly wriggles about on his chair,
lifts up the table with his knees, grits his teeth, trembles
and literally uses his whole body to write.” Z’s intro-
spective notes for the period showed that the waste on
the mental side was equally great. His energy could
not be advantageously directed nor his voluntary atten-
tion rightly applled The same was true of the other
learners.! With increase of skill the learners gained
better control of the disposition of their energy. They
somehow acquired the knack of releasing only so much
energy as could be effectively applied, and of directing
it in the most economical manner. Almost no energy
was wasted; all their activities came to be controlled
more and more directly by the one purpose of getting
with all possible speed through each series of movements
to be made; their voluntary attention when applied to
the writing approached in general effectiveness the per-
fect spontaneous attention which it supplements.?

In addition then to the development of the special
“habits of manipulation’ described in chapters III and
[V, there is this improvement in general method—

t Compare “A Preliminary Study of Some of the Motor
Phenomena of Mental Effort,” Lindley. Am. Jour. Psy.,
1‘M:-l VII, pp. 491517

La:nn]nrt, [’umdulw and Progressive Changes in Con-
tinuous Mental Work,” by Seashore and Kent, Psy. Rev.,
Mon. Suppl., Vol. VI, March, 1905, pp. 63-91.




MENTAL HABITS ACQUIRED 99

“learning to short circuit,” “learning how to meet more
successfully the special difhculties™ encountered in the
learning, “developing a generally favorable attitude™
toward the work, “learning how to attend,” etc. Not
a little of the progress made by our learners was due to
the development of these special habits of control. A
fact of far reaching practical importance pertaining to
the formation of these more general mental habits, 1s
that most, if not all of them, when developed 1n the
S. M. learning were carried over to the T. M. learning
and used with good eftect, a fact that has obvious bear-
ings upon the much disputed question of “formal
discipline.”



CHAPTER VI

THE RETENTION OF TYPEWRITING
SKILL |

Our next step logically should be the explanation of
the learning curves; but before we proceed to that it
will be well for us to consider another group of experi-
ments that i1s both interesting in itse'f and that throws
important light upon certain aspects of the learning
process—a group having to do with the retention of
the skill acquired.

I. THE MEMORY TESTS

The last test of the regular experiments was taken by
the writer in his 'I. M. practice on January 16, 1906.
On account of other duties the typewriter was not
touched again by him untl the following June. On
June 1, 1906, and the nine days following, a series of
ten tests was made on the same kind of a tx pewriter
used by him in his regular T. M. practice (a No. 5
Underwood) and under the same conditions as the
regular tests. The typewriter was then not touched
again for a full year, until June 1, 1907. Ten daily
tests were then taken, with the same precautions as
before. T'able I1 shows the results:

As the table shows there was no loss of skill after a
cessation of practice for a year and a half, but, what 1s
still more surprising, an actual average gain of 103
strokes per day over the records made during the last
ten regular tests; or, if we subtract the errors made an
average net gain of 85 strokes per day.  Before attempt-

100
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ing to account for this unexpected' gain it would be
well to describe the kind of rc!earnmg which actually
took place during the memory tests.

2. RELEARNING IN THE MEMORY TESTS

When the subject began to write, June 1, 1906, the
visual image of the keyboard had almost entirely faded
out.” Only two letters, the @ and p could be located

' Quite unexpected by the writer, though some similar
results have been obtained by ]‘Jmirdnn, Swift, and others.
See especially L' Annee Psychologique, Vol. "vIII 1901, pp.
32; 340, and Am. Jour. Psy., Vol. XVI, 1905, pp. 131-133.

* This description of the I‘t‘]l.'.‘:llllll'l,_l'_, Is t2 Lt:n from the sub-
ject’s introspective analysis of how the writing was done
during the memory tests.  While writing the first fifteen
lines, necessary to revive the old axam‘idtinnx the 5ll|}jCLL‘
stopped at any point long enough to record whatever obser-
vations were made. It 1s from these detailed notes of the
writing of the frst fifteen lines in each memory series and
from notes written down at the close of each memory test
that this account of the relearning 1s taken. The subject
also artempred to draw the keyboard and to recall the posi-
tion of the letters before the machine was touched in each
set of memory tests.
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from visual memory. There was present a vague gen-
eral image of the entire keyboard but the relative posi-
tions of the letters was forgotten. On June 1, 1907,
there wasn’t so much as an image of the rows of keys.
The subject could not tell whether the letters on the
keys were small or capital. By thinking hard of the
keyboard for a time and moving attention about over
it, visual images of q, 1, 0, p, m, n and z finally came up
in their proper positions on the keyboard so that when
the writing began the hngers had a dehnite place
to move to.

In trying to draw the keyboard before beginning to
write the location of such of the letters as could be
located had to be variously figured out by the help
of all sorts of artihcial associations. The ¢, /&, g and y
were mentally located by the thought or sight of these
letters in the copy calling up at once the muscularimage
of the movements required for striking their corre-
sponding keys. As soon as these letters were thought
of an actual feeling of strain was noticed in the fingers
which seemed to guide attention to the proper position
on the keyboard. While thus attempting to recall the
position of the keys, if a visual image came 1n at all
it followed the movement of attention and was called
forth in each case by a motor image, instead of appear-
ing spontaneously and originally in visual terms. This
was true for all letters that could be visualized. The
following quotation is taken from the notes written
June 1, 1907, before any writing was done: “After half
an hour’s work in trying to visualize the kevboard I
find it impossible to definitely locate all the keys. My
visual image is too vague in every case to locate the
letters. The thought of the letter will not call up a
visual image or tell me just where that letter 1s. 1 am
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exceedingly anxious to get at the writing to see just
what I must do to get my hngers to the different keys.”

The keyboard, as in the original experiment, was
covered in such a manner that the writer could see no
part of it. He did not even glance at the keyboard
before starting to write. As soon, however, as the hands
were in proper position for writing, the thought or sight
of the letters in the copy called up directly the move-
ment of attention to the exact position of the keys.
A few kevs could not be located even so and had to be
referred to visually before the fingers could find them.
Moreover, the position of the letters was remembered
by combinations or groups. The letters within a word
were more easily located than isolated letters or those
at the beginning of words. If the first letter of a word
was known the fingers of themselves went to the other
kevs. Many cases were observed where the subject
could not find the key at all when the letter began a
word, but when it came within a famihar word the same
letter was struck without dithculty and without con-
scious direction.  The following quotation written by
X before his second memory tests were begun is typical:
“Before beginning to write,” he says, I tried hard to
locate the ‘d’ key bur without success. Just now came
to the word ‘day’ and was startled to find the right
finger on the ‘d’ key before I was conscious of what |
had done. 1 had actually written “da’ before my past
trouble 1n trving to locate the ‘d’ took possession of
consciousness, when 1 stopped to write this note.”
“U” was another letter whose exact position was not
remembered. ‘““No matter how hard I tried,” wrote X,
“my attention and hands would not go right when 1
tried to locate it,  Just now I had to write the word
‘result.”  Attention of itself did the right thing and
my hngers had already made the "u’ when the after-
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thought flashed up that I did not know where it was.
[t made me feel queer to realize that it should ever
have been hard; 1t came so easy after writing ‘res.””

This 1s an important point since it shows that the
skill can not be recalled by a sheer act of will but requires
the exercise of the muscles themselves to re-establish the
chain of subconscious reflexes. It is also important for
the “warming up” (see p. 140). There must be an
actual physiological imbering up before attention and
the muscles will work smoothly and quickly again
(compare pp. 146-147).

By the time the first thirty words of page 145 of
Munsterberg’s ““ Psychology and Life”” had been copied,
the position of all the letters had been so well relearned
that any key could be struck directly as needed. All
letter associations and most word associations had been
fully revived.

In writing the first few words attention had to move,
as in the early stages of learning, to the exact position
of the letters to be struck before the fngers could
start, and the movements required for striking the keys
had to be carefully attended to throughout their whole
course, except for the last letters of the easier words.
Very soon, however, this pre-location fused with the
motor-tactual feel of the movements. The sight of a
letter called forth at once a movement of attention in
the proper direction and to the proper distance which
came simultaneously with or just before the required
movement. The separate movements could soon be
so quickly and easily made that consciousness needed
only to concern itself with the guidance of the group
as a whole as in the word and phrase association stage.
All took place almost too rapidly to be observed, the
whole process being completed while writing fifteen
lines. The relearning was recapitulatory only in a
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limited sense. The general course was the same but
all of the steps were rapidly abbreviated and some
omitted entirely.

As might be expected it was the latest acquired asso-
ciations that were hardest to revive. Certain general
habits seemed also to have been dulled. There was
trouble, at hrst, with the attentive following of the
course of the movements. Attention could not be held
as constantly or steadily on the writing as formerly.
It would not follow so readily or easily the course sug-
gested by the letters and words of the copy and its
scope was more limited 1t seemed. A sort of orientation
to the task of writing seemed to be lost. The general
feeling of ““at-home-ness’” on the keyboard was notice-
ably weakened. The httle fingers had to stick much
closer to their respective positions for a time. The
general motor-tactual discrimination was greatly dulled
and none of the mental processes worked so quickly
or easily night at first.  "The subject was more easily
fatigued, as evidenced by severe pains in his fingers
and wrists. At the close of his test on June 2, 1907, X
wrote: “‘One of the things that seems to prevent rapid
writing 1s that the hands and fingers get so tired. They
begin to feel numb and ache soon after the writing
starts. If it were not for this the score would be much
higher than it is. All difficulties seem to have dis-
appeared and the associations or mental processes in-
volved 1n the writing, which worked rather sluggishly
at first, now work more spontaneously and unhindered,
it seems, than ever before.”

3. EXPLANATION OF RESULTS

The facts here to be explained are the rapidity of the
relearming and the actual gain in skill shown by our
second memory tests (see Table 1T and Figure 4a). It
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can hardly be said that the ten 10-minute practices are
responsible for the gain. For if this were the case, we
should still have to account for the fact that a ro-minute
practice period showed greater gains after an interval
of no practice for a year and a half than did a 60-minute
period at the end of the regular experiment, when there
were no signs of a plateau in the learning curve.!
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Fic. 4a. A diagrammatic curve for X’s T. M. learning which

enables us to compare at a glance the results of the memory

tests with the results of his regular practice. The th’l'l".DﬂtIll

bars in the curve when measured by the vertical axis show

the average strokes made for the period of practice indicated
by their length.

The percentage of errors made in both memory tests
was somewhat greater than for the last ten tests of the
regular writing (see Table 11, p. 101), suggesting that
the learner tried harder and put more attention on
speed in the memory tests.  This would tend to make
the score somewhat higher for the memory tests, but

' 1t will be recalled that in the regular learning fifty min-
utes extra practice was taken each day in addition to the
regular ten-minute tests.
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this lack of conscientiousness on the part of the learner
will not account for the marked increase n score for the
second memory tests where we have, as compared with
the results of the hrst memory series, a higher score and
a decrease in the percentage of errors. 'There seems to
have been an actual increase m skill during the rest
interval of a vear and a half.

How 1s this to be explained? When taken with the
observations of the learner which credit the improve-
ment to the ease and accuracy with which the old
associations worked, rather than to any new adapta-
tions or short cuts in method, this fact might be thought
to mean that the associations previously formed had
been slowly perfecting themselves subconsciously by
some sort of neural growth process which completed
itself during the interval of no practice, as Burnham
and Cleveland believe.!

Such a view is attractive and may 1n a measure be
true but our experiments give no dehnite evidence for it.
The 1ncrease in score shown by our second memory
series was due, so far as we could make out, rather to
the disappearance, with the lapse of time, of numerous
psycho-physical difficulties, interfering associations, bad
habits of attention, wneidentally acquired in the course
of the learning, interfering habits and tendencies, which,
as they faded, left the more firmly established typeworiting
associations fr._r'f’ fo act.

The following facts are given in support of this view:

' Am. Jour. Psy., Vol. XIV, 1903, pp. 382-396; Vol. XVIII,
1907, p. 297. Cnmp.m- also articles by Bryan and Harter,
and Swift, Psy. Reo., Vol. VI, July, 1899, p. 358; Garman
Memorial Volume of Studies in Philosophy Jm] !"ﬂ» chology,
Boston, 1906, pp. 306-307. Here'the rapid rise of the learn-
ing curve after a [.‘rl.JTLdlI, and the sudden improvement made
in learning a foreign language, are attributed to neural
growth.
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(1) Such hindering associations were developed in all
stages of practice, and at the “critical stages™ in great
masses, forming a serious impediment to progress; (2)
after the rest of a year and a half these conflicting asso-
ciations and hindering tendencies had noticeably disap-
peared. '

The evidence furnished by our introspective and
objective data in support of the first of these points is
elsewhere (pp. 160, 193-194) described. Confirmatory
evidence on the second point, beyond the introspections
of the subjects, 1s, we believe, to be found in a com-
parison of the records of the two memory series. Dur-
ing the first memory series, after a rest of only four
months, the absence of dithculties and the greater ease
were not observed by the learner. There were also
more mistakes and a lower score than for the last
ten regular tests. 'The typewriting associations had
been somewhat dulled and the interferences had not
vet all dropped out. A vear later, during the second
memory tests, the absence of dithculties and the greater
ease had become so prominent as to attract the atten-
tion of the learner (see p. 106). His notes state that he
was influenced by the good showing made in his first
memory series and therefore tried especially hard to
write fast in the second memory tests, attending more
to speed than to accuracy. But the errors have now
slightly decreased and the score 1s better than ever
before. If the restraining influence of hindering asso-
ciations had not disappeared the subject would cer-
tainly have made not /less but more mistakes and
crowded himself into a “breakdown.” W, therefore,
conclude that it was the disappearance of the interfering
associations and lendencies naturally developed in the
course of the learning which made the old associations
work so easily and caused the increase in the score.
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We would not slur over the fact that our introspective
data come from the relearning of a single subject, but
the general fact of improvement after long intervals of
no practice has been demonstrated by Swift, Bourdon,
and Snoddv (see footnote, page 101), and a tangible
explanation like that of interference of associations
seems to us better than a more intangible one based
upon neural growth. It s not at all unlikely that some
sort of latent development or neuro-physical growth
does take place during intervals of no practice through
the nutrient changes set up by the action of the blood
to the exercised parts. Our data give no grounds for
denying such a hyvpothesis, but we should expect such
an influence to be operative during short, rather than
long, rest periods—periods within which the direct
effects of exercise might still hold over in some strength.!

! That such i1s probably the case 1s suggested by the fol-
lowing facts: After a hard day’s work on this paper it was
observed that before going to sleep ar night hypnagogic
imagery, pertaining to the work, invariably appeared and
took possession of consciousness. The former mental
activity tended to persist in a sort of subconscious way and
was 1|!‘I‘-.¢ll'l.l] ly present in the writer’s dream consciousness,
When he had been dealing with a point that could not be
easily solved his dream and hypnagogic imagery took the
form of some indeterminable struggle involving various forms
of imagery. At such times the work served as a veritable
Banquo’s ghost which presented itself at every lapse in wak-
ing consciousness and dominated completely his dream
imagery, suggesting that the severe, systematic nervous
activity of our waking life is continued for a time in a sort
of subconscious way after the stimulus ceases to be applied.
It seems as if the nervous system acquired a sort of momentum

which keeps the btll'ﬂlEldl‘L‘[] parts acting for a time.

This persistence of one’s immediately previous occupation
or “perseveration tendency ™ is still more strongly suggested
by the facts observed during the vacation which 1 immediately
followed the completion of this study. During the four weeks



110 THE PSYCHOLOGY OF SKILL

It 1s also probable that the particular brain processes
involved 1 a given activity become dulled or fatigued
with long continued exercise giving rise to the feeling of
monotony or aversion for that particular task so
common 1n all forms of learning « ¢t studied. But such
fatigue would tend to aggravate the interferences
already formed and would lead to the development of
others while the neural growth, if such there be, would

which immediately preceded this vacation the writer spent
twelve or fourteen hours each day working on the study.
During the week’s vacation which followed this period of
strenuous work the writer’'s mind was literally flooded, at
cach lapse in consciousness, with the problems and difficul-
ties encountered in the writing. For the first three nights
of this vacation he worked continuously on the study in his
dreams. The new life and strong stimuli furnished by his
recreation were insufhcient to counteract or supplant the
effect of the previous stimulation. The *brain machinery”
set going by the month’s strenuous work, though in part
suppressed by the new experience, kept, nevertheless, grind-
ing away for a time in this subconscious way. It was more
than a week before the new Expﬂru‘ncu overcame the mo-
mentum induced by the long period of systematic work.
The bearing of all this on the problem of determining the
most economical periods of work and rest i1s obvious. One
must work long and hard enough to get this semi-unconscious
assistance, but not long enough to spoil it by fatigue—make
it erratic or introduce exhaustion phenomena n 1t and in
other parts of the psycho-physical apparatus.

Since the above explanation and this note was written |n
1908 further data on this point have been obtamned by G. S
Snoddy, that help to explain why a recess nterval l‘.li_t“l'_l.'_‘[]
practices 1s an aid to progress in learning. His hindings
verify our results and his explanation of the cause of the
beneht w hich learners derive fmm these intervals of rest are
in substantial agreement with this explanation of the increase
in skill after an interval of no practice. Compare Psy. Rev.
Mon. Suppl., Vol. XXVIII, No. 2, 1920, pp. 1-78, especially

pp- 64 to 72.
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hardly balance the loss occasioned by the fading of the
associations. It 1s also true that something 1s due to
refreshment of interest. Long practice leads to fatigue
and ennui, and 1in matters of strength and skill to
“staleness,” all of which can be relieved by rest or
change of work. But a difference in freshness of inter-
est would hardly account for the difference between our
first and second memory series. And i1t must not be
forgotten that fatigue and loss of interest lead to lapses
of attention and these to a repetition of blunders which
are psychologically incipient false associations and bad
habits. The advantage of rest and change of work
would therefore probably be double, removing at one
and the same time both the ennui and the incipient bad
habits of attention to which 1t was leading.!

The importance of all this for acquisition in general
1s evident. In most learning and 1n the acquisition of
any complex form of skill the formation of many con-
flicting associations would seem to be a natural but
unnecessary accompaniment of the development of the
associations and habits involved in its mastery, as it
was n the typewriting.  Without expert direction from
a skilled, sympathetic teacher, and sometimes in spite
of 1t, the learner forms many interfering habits and
trains himself in mistakes many of which never make

' At this point an important question is suggested. May
not the monotony and ennui or fatigue for the task as a
whole, observed in this and all the learning studies made, be
caused by the many psycho-physical interferences naturally
developed in the course of the learning? Any wrong tend-
encies of thought and action would naturally retard the
learner’s success, while the ennui and unpleasant feelings
which attend the failure would serve to bring about a ces-
sation or change of work, because it 1s biologically better to
stop and rest, when no improvement can be made, than to
ro on cultivating mistakes.



g THE PSYCHOLOGY OF SKILL

any definite objective manifestation of themselves. These
must be carefully eliminated or overcome before greater
skill 1s possible. In learning to typewrite there is no
more important problem than keeping these inter-
ferences down to a minimum.! With the best possible
direction and the most guarded practice many hinder-
ing tendencies, both of thought and action, will be
formed.? The best results for learning will be obtained
when the periods of practice or study are, on the one
hand, of such length as will give the greatest amount of
practice to the habits to be formed, with the least oppor-
tunity for making mistakes or fm developmg interfer-
ences, and when the periods between practices or study
are, on the other hand, of such length as will insure the
most complete dmpplng out of the interfering tend-
encies naturally formed 1n the course of practice, with
the least amount of fading of the associations and
habits to be established. In other words when the
most economic periods of work and rest have been
found for the individual in the mastery of the subject
or task in question.

The whole question of the most economical periods
of work and rest for all kinds of learning 1s here raised.
Besides being important for giving an opportunity for
the dropping out of the iterfering associations and
tendencies naturally built up in the course of the learn-
ing, the time interval between practices or study periods
may be found to be important in and of self. 1t may be
that the ennui or seeming fatigue for a given kind of
work 1s due not so much to the interfering associations
as to neural fatigue, that a maximum degree of efhcient
effort cannot be kept up by the learner with any sort

'(,UI'I‘lp.l['th earning to Typewrite,” by W, F. Book, Chapter
XIX, ] he Gregg Publishing Company, New ‘i ork Cicy.
2 See W. F. Book “Learning to T'ypewrite,” Chapter XIV.
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of assistance, that mental facts and associations may
be acquired under certain conditions of learning faster
than thev can be assimilated neurally,! that certain
regulated periods of rest are needed to give the best
results for hxing the associations to be formed. There
Is o more important or necessary step in learning than
to hx defnitely all the elemental habits later to be used
in the formation of the higher-order habits finally to be
attained.  For this both time and a certain amount of
practice is needed. Whether it would be best to prac-
tice continuously, provided the practice or study could
be carried on without mistakes, or whether 1t would be
better to allow for vacations in addition to the rest
periods required for recuperation of nervous structures
exhausted 1in the work, we do not know. One purpose
which vacations and the longer periods of rest unques-
tionably serve 1s to give opportunity for the dropping
out of the terfering associations which naturally
accumulate in the course of the learning. Whether or
not the learner at certain stages of advancement 1s
unable to deal successtully with this difhculty in any
other way than by taking a rest 1t is impossible to say
with anyv degree of assurance. The fact that such

I Cleveland’s observation (Am. Jour. Psy., Vol. XVIII,
If]{}‘f p- 298) that chess players could not pl.]}' In proportion
to their knowledge would seem to be a case in point.  Though
it by no means follows that a vacation 1s all that they need,
A different sort of playing or a more careful use of attention
might solve the problem as well or better. In that case the
mass of matenal from which the new associations are formed
would not hinder but help in building the required habits,
since progress in learning seems to mean the elimination of
most of this material and the reorganization of the rest into
assoctations thar are more economical and direct.  In learn-
ing to typewrite it was found better to practice always with
the highest-order habits that could be successfully used.
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difhiculties are very often successfully met in some cases,
would argue that they might be in many or in all
(compare this study, pp. 217, 225). At any rate 1t
would be desirable to know the proportion of practice
and rest that would give the best results in the different
fields of learning and to know more dehnitely all that
this period of rest means, but many painstaking invest-
gations will have to be made before we shall arrive at
this knowledge.



CHAPTER VII

HOW TYPEWRITING HABITS ARE
ACQUIRED

We may now return to the main problem we set our-
selves to solve and consider the facts that will assist us
in explaining our learning curves. The analysis of the
learning consciousness which precedes has shown what
our curves stand for psychologically. Numerous spe-
cial habits arose, and 1t was the inception, development
and perfection of these special habits of all kinds and
orades that caused the total upward movement of our
curves. In explaining the form of our learning curves
we shall first consider their general charactenstics, their
rapid ascent at first, and later slow and more gradual
rise, then attempt to explain their fluctuations and
individual pecuharities. But even their most general
features cannot be understood until it has been more
dehnitely pointed out how these special typewriting
habits are acquired.

I. ORDER OF ACQUIRING THE HABITS WHICH
CONSTITUTE TYPEWRITING SKILL

Bryan and Harter (Psy. Rev. Vol. VI, p. 357), the
proneer workers in this feld, state that all the habits
involved in learning to receive the telegraphic language
“make gains simultaneously but not equally.” This
they inferred from the general character of certain
curves obtained by having their subjects receive tele-
graphic messages, first in the form of disconnected

1ig
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letters, next as words not making sense, then con-
nected discourse or words in the form of sentences. For
the early part of this practice the letter, word, and con-
nected discourse curves rose rapidly together. After
several weeks of practice the connected discourse curve
showed a very rapid rise while the word and letter
curves continued to rise but slowly. The fact that the
word and letter curves continued to rise slowly after the
connected discourse curve had begun to rise so rapidly
proved, Bryan and Harter believed, that all forms of
habits, high and low, were making gains together. That
all curves rose at an almost equal rate in the early part
of the practice meant, they believed, that the chief gain
in this stage was due to the development of letter and
word habits. The later rapid rise of the discourse curve
over the word and letter curves meant that in this stage
the gain was mainly due to the development of the
higher language habits involved. Upon these concep-
tions they based their explanation of “plateaus.” “A
plateau in the learning curve means,” they say, “that
the lower order habits (letter and word habits) are
approaching their maximum development but are not
yvet sufficiently automatic to leave attention free to
attack the higher-order habits.” And they add, “the
length of a plateau is a measure of the difhculty of
making the lower order habits suthciently automatic”
for use as elements in the higher-order habits.! The
critical question here 1s the explanation of * plateaus.”
[s there such a time sequence in the development of the
habits of different orders as this explanation implies?

© 1 As will be shown in Chapters VIII and IX below the
slumps in the progress of learners of typewiting were occa-
sioned by the dithculties which these learners encountered
while the elemental habits were being finally hxed and the
higher-order habits originated.
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Swift, from observations on this point made in his
several learning studies, concludes that there 1s not. In
one of his notes he states: “T'wo specific associations
were growing together, one developing the other form-
mg.” Again, ** There 1s clearly no separation of periods
in which lower and higher order habits are formed. All
factors of the perfecte [1 process have clearly been present
almost from the start™ (Psy. Bull., Vol. I, p. 299). In
a later study, “On Beginning a Language,” this earlier
observation was confirmed. ‘‘Higher order habits,” he
savs, ‘‘made their appearance early in the work, fugi-
tive at frst and not easily detected, but they soon
became so strong and permanent as to be easily ob-
served. All the habits acquired were in process of for-
mation almost from the beginning™ (Garman Memorial
Volume of Studies in Philosophy and Psychology,
Boston, 1906, pp. 304-3053).

Leuba 1n an muatlgatmn of “Learning to Make
Hand Movements™ (Psy. Rev., Vol. XII, p. 355) con-
firms Swift’s observations on this point. He writes:
“Even though the several psycho-physiological proc-
esses involved in learming to write German script,
under the conditions of this experiment, should appear
in a definite order of succession, they do not reach com-
plete maturity before the next one becomes possible.,
On the contrary, several of them grow together, and,
before they have been fully perfected, the next ones
are already in operation.”

These observations confirm one of the most important
inferences made by Bryan and Harter, namely, that the
special associations involved in receiving the telegraphic
language made gains simultaneously (Psy. Rev., Vol.
VI, p. 356), and give further evidence of the manner
in which special associations develop and grow in the
process of learning, but they stll leave open certain
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important questions upon which our data sheds light.
We have been able not only to confirm the general ob-
servations of our predecessors, but also, as it seems to
us, to show why certain stages in learning such things
as typewriting were of a ““critical” nature and tended
of themselves to bring about arrest of progress with cor-
responding ““plateaus’ in the learning curve.

Let us return to our drum records which give an
objective picture of the writing in every stage of ad-
vancement, and furnish, therefore, an index of how the
special associations were developed. Figure 5 shows
sections from representative records. ‘A’ 1s a portion
of the first record of one of the special subjects who
was learning to write by sight. He did not know the
location of any of the keys, so that each of the steps
required to make a letter in this early stage was more
or less of a problem for him. ““B” 1s a portion of the
third record of Z’s regular S. M. test. Unlike the other
subjects, Z very early tended to locate his letters in
groups and so began earlier than the other learners to
acquire syllable and word associations, shown by the
quick succession of the letter marks on his records.
“C” 1s taken from a typical record of X’s S§. M. writ-
ing when he had reached an average rate of about go
strokes per minute. This record shows letter associa-
tions in all stages of development, some word associa-
tions developing, and one phrase association operative.
The “D” record (from the records of Z) represents a
somewhat later stage and is similar to “C” except
that more word and phrase associations are used.
Habits of all grades are now plainly operative and in
various stages of perfection. Half the wrniting 1s by
word and phrase, as witnessed by the rapidity and con-
tinuity of the strokes. “E,” a section from the prac-
tice sentence writing of Z, illustrates a semi-expert stage,



e L AR A i

——EY Y

LA N PRI T T TR Y

U A

Fic. 5—>Sample drum performance records for le:

arners and an expert typist, showing the character of their performal

nce on the machine at different levels of skill,






HOW HABITS ARE ACQUIRED 119

as does also section “F” from the record of Miss A,
who could copy at an average rate of hfty words per
minute. Phrase associations are charactenistic of the
stage reached, and word and phrase associations need
only to be further perfected to establish the supreme
skill pictured in ““H,” a section of one of the regular
writing tests of Miss Carrington, the finished expert.
All word and phrase associations are now so far per-
fected that the writing 1s absolutely continuous. Sev-
enty or eighty words per minute could be written from
any sort of straight copy.!

The above records are typical and with the intro-
spective notes of the learners show clearly that in learn-
ing typewriting in the manner followed by our subjects
there were no graded steps or stages in which habits
now of this order and now of that were developed, but
that all developed together. Throughout the practice
there was a more or less general upward striving at
once along many special and competing lines. Some
of the earliest records showed some letter associations
in the first stages of development, others well developed
and joining to form syllable and word associations,
while the easier words had already united to form
phrase associations for the most common sequences of
easy words.

A similar relation holds in the development of word

e almul:] however, be said that while all of Miss Car-
rington’s records were as even and continuous as the sample
shown in “H,” the facts, obtained by questioning her and
from certain special tests made to determine this point, show
that the associations for the different words and combina-
tons of words were not all equally perfected. The execution
of some phrases and words was wholly automatic; some
required a little, others more, attentive guidance, which,
owing to her greater attention span, could be given, without
checking the rate of writing as a whole.
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associations. As the perfection of a letter association
1s dependent upon the order of letters in words and the
development of a method of reacting to the words as
a whole, so word associations play an important role
in the development of phrase associations long before
the reactions to words as such are perfected. That is to
say word associations are not perfected independently
of phrase associations, or before the latter begin to
develop. The associations which form between the
words of connected discourse help to perfect word asso-
ciations even while these partially developed word asso-
clations are making possible the more economical reac-
tions to these groups of closely connected words. In
learning typewriting by our methods the elemental
habits were not finally perfected before higher-order
habits began to form. The development of the higher
and perfection of the lower went hand in hand through-
out the practice. The lower-order habits were perfected
in and through the formation of the higher, as a further
development of the higher was dependent upon the final
perfection of the lower. With 1t all went the simultane-

I This confirms another statement of Bryan and Harter,
namely: “With increased ability in taking sentences there
comes, without doubt, increased ability to take isolated
words and letters.” (Psy. Rev., Vol. VI, p- 358.) They also
found that more I'l'llbtdl\!:h “L‘I‘I;‘ made In receiving LI.I&CD]'I-
nected letters than in receiving, at a much more rapid rate,
letters forming words, more mistakes made in receiving dis-
connected words than i In ['LLE.!\-'IHL., at a still higher rate, con-
nected discourse—that 1s, “gain in speed, made possible by
adding mastery of the higher language habits to mastery of
the lower, leads to greater accuracy in detail.” The natural
and tmnnnmdl order of learning typewriting 1s to let the

specific habits perfect each other.

[t 1s also interesting in this connection to refer to the
learner’s inability to locate single letters, shown in our
memory tests (see p. 101}, W here their location as part of a
word was easy enough.
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ous development of the more purely mental habits
alreadv described (pp. 89-97).

[t is hard to describe the exact manner in which the
special associations volved 1 typewriting were
acquired. The process must be experienced and intro-
spectively observed to be fully understood. Bryan and
Harter were right when they stated “that from an
early period letter and word associations make gains
simultaneously (Psy. Rev., Vol. VL., p. 356), and that
for months the chief gain is in letter and word habits,
the rate of receiving sentences in this period being
mainly determined by the rate of receiving letters and
words.” It 1s also true as they state that a full use of
the higher-order habits does not begin unti! the more
elementary habits are well hxed, and that the useful-
ness of the higher depends upon the proper perfection
of the lower. As they well say: “By no device is it
possible to gain freedom in using the higher-order
habits until the lower have been so well mastered that
attention 1s not diverted by them.” They base their
explanation of “plateaus™ on the inference that these
elementary habits must be made automatic before much
gain can be made in the higher habits, the length of
the plateau depending upon the difhiculty of making the
lower-order habits suthciently automatic to be thus used
as units in a higher method of work. Our study showed
that the “cnitical stages™ in learming to tvpewrite,
where the plateaus appear, do, as a matter of fact, come
in when certain lower-order habits or groups of such
habits are approaching their maximum development,
but these lower-order habits do not need to be perfected
or further developed before attention can attack the
higher-order habits. It normally attacks the higher-
order habits long before these simpler habits even ap-
pmach this stage of [}l:['[.L't‘ti{}Tl and would continue to
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do so properly but for reasons later to be given (see pp.
194-197). The length of a plateau is not so much a
measure of the difhiculty of making certain special asso-
clations automatic preparatory for use as elements in the
higher-order habits, as a measure of the time and labor
required to conquer certain difhculties encountered in
the practice when these special habits are being finally
fixed, difhiculties which stop the development of all
orders of habits 1n process of formation at the time.
The elementary associations are not being developed,
and very rarely further perfected during the plateau
practices. No real progress is being made though
changes important for future progress are tﬂkmg, p]ace
during a part of the plateau practice. The time is
taken up with overcoming the special difhiculties in-
cident to that stage of advancement and to getting nd
of the evil effects of the mistakes which the final per-
fection of the special associations naturally brings on.
As soon as these are overcome and attention 1s again
properly applied to the work all orders of habits begin
again to develop. A description of the difhiculties met
with at these definite levels of advancement and their
relation to the variations 1n our learning curves must
be considered later (see discussion, “critical stages,”™
pp- 194-200, below).

2. HOW SPECIAL TYPEWRITING HABITS NOR-
MALLY GROW AND DEVELOP

While it 1s true as has just been shown, that habits
of all orders develop simultaneously, 1t must not be
inferred that all are making steady advance at the same

' Compare on this point “Learning to T'ypewrite” by W. F-
Book, Chapters X1V and XV, The (ur:u., Publishing Com-
pany. Also Chapter VIII, section 2 (b) and Chapter IX

below.
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instant.  All learning curves that have been plotted,
including our own, show that equal amounts of prac-
tice do not alwavs give equal results as judged by the
criterion “ability to do.” In proportion as the measure
of progress is accurate the amount of gain seems to be
uneven and irregular. To what is this irregularity due?
Was the development of each of the special habits in-
volved in typewriting like the general progress of the
learners, uneven and irregular, or once begun steadily
continuous?

Qur facts warrant an answer in favor of the frst
alternative. That 1s to say the special habits involved
in the mastery of typewriting, though all developing
together, are not actually driven abreast. Their man-
ner of growth 1s something like the movement of a flock
of sheep along a country road. The whole flock moves
forward, now faster and now slower, while now this and
now that particular sheep pushes ahead of the rest. So
in the development of these special associations, there is
general improvment along many special lines at once;
all associations involved are making progress almost
from the first, but the gain is not steady, nor is it equal
in various directions. [t 1s in the matter of making new
adaptations and short cuts in the line of each individual
association that the irregulanity comes in. There i1s
what might be called a friendly nivalry among the
various special associations developing at the moment.
Progress 1s made along so many special lines that many
opportunities for adaptation are presented. The learn-
er's attention moves about over this array of improve-
ment possibilities, causing an adaptation to be made,
now in this, now in that department of the work as
alternately focused on the different phases of the work.
Now this, now that association is pushed ahead of the
rest 1n 1ts development, the ones not specially attended
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to being practiced on a lower and more automatic plane
because they lack the considerable degree of attention
needed to practice them in the highest way. It is,
therefore, the particular distribution and use made of
attention and the resultant adaptations secured that
makes the development of the special habits, like the
general progress in learning, uneven and irregular. One
of the most common general observations revealed by
the notes was the frequent relapses in the realm of the
several special associations developing; there were many
periods 1 the practice when the learner’s skill in one
or more special departments of the work seemed to go
backward instead of forward because of the particular
use made of attention at the time.

3. HOW NEW ADAPTATIONS OR FORWARD STEPS
IN LEARNING ARE MADE

In a previous section it was pointed out that learning
typewriting consisted in the acquisition of a hierarchy
of psycho-physical habits formed and developed in a
special way. From the mass of old and familiar asso-
ciations and activities called into use by the earhest
writing, there comes to be formed by a process of elimi-
nation and reorganization the first circuitous methods
of writing used. By a definite but intricate process of
“short circuiting” this earliest step-by-step method of
writing i1s sheared of many accessories; the hrst associa-
tions formed are simplihed, refined, and reorganized
into new associations or methods of writing which
enable the learners to do the work 1n an always more
direct and economical way. As the hrst elemental
habits are being perfected they are reorganized into
higher and more economical habits of work, of which
new groupings they become the elemental parts and
into which their identity is gradually merged as these
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higher habits or groupings are in turn worked over into
vet higher mental complexes by processes of ““short
circuiting”’ similar to those that occurred in their own
formation. Progress in tvpewriting is brought about
(a) by the gradual perfection of these special habits,
and (b) by the new adaptations or short cuts in method
that are made as higher-order habits are formed. The
special introspective notes of our learners, purporting
to give a complete analysis of the learning consciousness
in all stages of advancement, revealed two important
facts about this “short circuiting.” (1) That 1t was on
the good days and during the good periods of writing,
when the learners were fully warmed up, feeling good,
and putting all available energy into the work, that
they found themselves making new adaptations or
taking a forward step in the learning. (2) That all
new adaptations or short cuts in method were uncon-
sciously made, 1. e., fallen into by the learners quite
unintentionally, on the good days, while practicing
under strain. The importance of these facts for learn-
ing demands that they be treated more in detail.

(1) Role Played by Effort in Learning to Typeswrite

Bryan and Harter, in their study of telegraphv found
that years of daily practice in receiving telegraphic
messages at ordinary rates would not bring a man to
his maximum ability to receive. While men whose
receiving curve had been upon a levei for years fre-
quently rose to a far higher rate when forced to do so
in order to secure or hold a position requiring the
higher skill. Their conclusion was that “it is intense
effort that educates™ and they add *‘that one reason
why sixty-hve per cent of those who begin to study
telegraphy get discouraged and quit when they reach
the hirst plateau 1s that they do not make the painful
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effort necessary to become experts.” Johnson, in his
Researches in Practice and Habit (Yale Psychological
Studies, Vol. VI, 1898, p. 83), writes: “Every advance-
ment either in mental quickness or muscular activity
requires a certain effort, depending upon the stage of
development already steained, . . . The ‘plateaus’
mentioned by Bryan in the hahit curve would seem
rather to indicate resting periods in the effort.! If the
subject can be induced to sustain the same effort day
by day, there would be no ‘plateaus’ in the habit
curve.”

The present study has not only verified the conclu-
sions of these investigators by showing that less effors
was actually put into the work at all those stages of prac-
tice where litile or no improvement was made (see p. 219-
227), but has revealed the particular role which
effort plays in learning to typewrite. It was clearly
determined that a learner must work with a “do-or-
die” attitude to make new adaptations or to take a
forward step in the learning. Relaxation of attention
or effort and fatigue not only keeps a learner from
practicing the newest and most economical habits he
has learned, but keeps him from making new adapta-
tions, because he 1s forced under such conditions to
write in a more primitive way than he 1s capable of
when 1n first class condition and doing his best. To
prevent arrest and to insure the most rapid progress,

! Compare also Swift’s study, “The Acquisition of Skill in
Typewrlnng, Psy. Bull., Vol. 1, p. 300, and the studies by

E. Meumann, Uber Okonomie und Technik des Lernens,
LElpZIg, 1903, pp. 1oo-101, and Uber Einige Grundfragen
der Psychologie der Ubungsphanomene mm Bereich des
Gedachtnisses, Archiv. fur die Gesamte Psychologie, Vol. 1V,
1904, p. 21. See also the opinion of Senator Stanford on the
rr;umng of race horses quoted by Bryan, Psy. Rev., Vol. IV,

- 51,
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attention must be kept sharply focussed on the details
of the work and continually pushed out on the frontier
where new adaptations in method can be laid hold of.
This fact will be made clearer by a few typical quota-
tions from the notes. During one of his special practice
periods X wrote: “I am coming to believe that great
effort 1s required to make the best progress in the work.
The tendency to lag and revert to older and more primi-
tive methods of writing 1s very strong and must be over-
come. Only in moments of extreme effort am I able to
make innovations or tolay hold of higher and better ways
of doing the work. I very suddenly catch myself doing
the writing in a more economical way. In another
week I find that I have improved on my method again
and so it goes, but in no case have I found that the
adjustment was purposely made. I was simply pushed
into the better way by the strong desire to do my best.”
On another day, after describing the tendency to see
all the letters when it was no longer necessary, he wrote:
“When I push myselt and try my best, many of these
detailed locations with the eve drop out and the writing
1s done on a highm' plane. The eternal problem in
learning 1s, to know how fast to go. Great effort
wrongly and L‘llrt'it*b":h’ 1pp]itd causes a breakdown, too
hittle “effort lets vou slip into an easier and more primi-
rive way of writing. In either case the improvement
stops.  You either practice i error or settle down to a
low plane of writing quite satished with vourself when
vou should be pushing yourself onto a higher plane.”
After being asked to make observations and carefully
describe all the mental processes involved in taking a
forward step in the writing, Z wrote in his special notes:
“I can make the movements much faster now than I
can move my eyes to the individual keys.  This makes
the tendency to ‘short circurt’ in the matter of locating
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the individual letters very strong. The eyes no longer
move 1n the spelling curve, that is, from one letter to
another as the word 1s spelled out on the keys. They
only hxate the letters that must be seen, to be properly
struck. This “short circuiting’ only takes place, how-
ever, when I am pushing myself very hard, for the tend-
ency to wait to see all the keys is very strong. Only
when I am going so fast that this is impossible is the
new method of reaching the keys laid hold of and used.”

This brings us to the consideration of a second fact
which shows more clearly still the specitic role played
by effort in learning. It was observed by the learners
that the older and more elemental habits used in the
earlier stages of wrniting tended strongly to persist and
force themselves upon the learners long after they had
been superseded by higher-order habits. At every lapse
in attention or relaxation of effort, the older habits
stepped forward, as it were, and assumed control,
thereby tending to perpetuate themselves. Only when
a high degree of efficient effort was being persistently
applied, only when the learners were urging themselves
forward so hard that these outgrown habits had no
chance to be used was attention forced to lay hold of
the higher and more economical methods of work.!

An illustration or two will make the point clear. In
describing how the spelling was done at a certain stage
of the writing, X wrote: ““The actual spelling 1s in all
stages of dropping out. In strange new words 1t is
strongest and nearest to the original type and extends

1 This persistency of habits when they were being super-
seded by higher-order habits should not be confused with the
frequent lapses which occurred in all departments of the
work. There was a constant use of the lower-order habits
on the bad days and during an off period, but these relapses
are a different phenomenon,
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all the way down the scale to where there is a mere
weak, blurred motorization for the whole word, where,
at times, one ‘motor-nod’ serves for a little word, at
other times for a syllable. The natural tendency is to
put in as many of the old steps as possible. The old
time spelling is no longer needed and 1s superseded by
this new spelling process which sets oft the whole word
at once. This 1s changing, too, and 1s very hard to
describe. But the tendency to continue the old process
of spelling a word, letter by letter, which has long been
outgrown, and for which there no longer is time, 1s very
strong. It requires special effort and constant care to
keep from dropping into these older and slower methods
of writing. You only outgrow them when you sprint
sufficiently to leave them behind, or go so fast that they
cannot come in.”

Other typical quotations illustrating the persistency
of older habits or methods of work are the following:
“I sometimes write a word, more often part of a word,
unconsciously, that 1s, without any of the conscious
direction that enables me to prove the work. I nearly
always notice this omission and want to wait and spell
the word out or prove it before I go on” (X, Mar. 27).
“Noticed one case today where a certain letter was
made without conscious direction of the individual
movement. But the habit of consciously directing each
movement 1s so strong that this direction came in after
the letter had been struck. 1 caught myself waiting and
actually going through the older process after the letter
had been struck instead of going on to the next move
as | was free to make. This sort of thing often occurs, ™’
(Apr. 2). On another day he wrote: “In many cases
the mere sight or 1dea of a letter is sufhicient to produce
the right movement. But in these cases the conscious-
ness of the feel of the movement comes later. This
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checks the work unnecessarily, for I often catch myself
waiting for the ‘recognition feel’ which, instead of
going with the move as it did, now tags along behind.
The best results are attained when attention omits
these automatic steps as fast as possible.”

(2) Part Played by Consciousness in Learning to
Typewrite

A second significant fact about the learning 1s, as we
have said, that all adaptations and short cuts in method
were unconsciously made, that is, fallen into by the
learners quite unintentionally on the good days while
practicing under strain. The learners suddenly noticed
that they were doing certain parts of the work in a
new and better way, then purposely adopted it in the
future. In learning to “short circuit’ the first elab-
orate methods of making the letters, in developing syl-
lable and word associations and associations between the
words of compact phrases or clauses, in making 1m-
provements in mental spelling, in learning to get and
hold the copy more economically, in learning to attend
and economize effort, etc., the new adaptations or for-
ward steps were all unconsciously made. It seemed to
be the strong desire to write with the utmost speed,
strengthened in some cases by the thought of the value
or worth of the experiment, that pushed the learners
into these new and more economical ways of writing.

Quotations from the notes might be multiplied almost
indefinitely. A few representative passages will indi-
cate the role which consciousness played in the taking
of these forward steps.!

1 The whole problem of unconscious learning is here raised.
Are all adaptations and the so-called inventions in learning
made as in typewriting simply by getting and keeping the
learner in close contact with the task so he will stumble onto
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“1 caught myself this morning,” wrote X, “letting my
finger stay on a key last struck with that hand and remem-
bering where it was placed while the other hngers made
several letters. 1 hind that this helps a great deal in locating
the next letter or letters to be struck with that hand. The
next letter may be the same as the last one made with that
hand, the one either above, below, or at its side. [t can,
therefore, be more easily located from that position. This
adaptation was not pﬁ.mr:dlt:tted or planned. I unexpect-
edly caught myself doing the writing in this way after 1 had
been writing some time. I was simply intent on getting to
the keys as rapidly as possible when my fingers developed
this way of finding them. I also caught myself today locat-
ing many letters with reference to the ones previously struck
instead of going back to the little fingers as reference.  'This,
too, was fallen into quite unconsciously. As near as I could
tell, attention of itself began to move in this new way, pushed
ahead by the one desire of getting the Angers to the several
kevs as rapidly as possible. Several times when [ wanted
‘r,’ for example, I caught myself going to the ‘t’ direct,
which I can now locate directly by attending to the motor-
tactual ‘feel” of the movement for striking it, then striking
the ‘r’ at its side. This is a quicker way of getung the ‘r’
than locating it in the old way via ‘q" ‘w’ and ‘¢’.”

Fourteen days later he wrote: “I have unconsciously
learned to let my fingers remain on the last key struck and
remembering where each hnger 1s. Thas helps me greatly
in locating the keys and seems to keep me oriented better
on the keyboard. It seems to increase my attention span
and to bring about a higher mode of attentive direction. All

the new and more direct way quite unconsciously, or does
conscilousness play a more important role in taking the for-
ward step than our results show? If so, what role does it
play? "T'he problem might be approached, it would seem, by
a care ful introspective analysis of the ** Reasoning Conscious-
ness,” the consciousness accompanying learning to solve a
problem or working a puzzle. It would be important to
know more about the specitic role which consciousness plays.
This pmhlun has been rather fully worked out in the author’s

new work, “Learning to Typewrite,” Part I, published b}f
the Gregg Publishing Co., New York, February, 1925.
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I know about the way this new adaptation was made is that
I unexpectedly noticed that I was thus letting my fingers
remain on the keys and keeping enough attention on them
to remember where they were, so that I could proceed
directly from there to the next LE} As soon as | noticed
it I recognized its advantage and tried to purposely adopt
it, but found that I must more orless let it work itself out.
When I tried to do it consciously I gave too much attention
to 1t and other things got away. Making these forward
steps seems to be the natural consequence of careful practice
under strain.’

On another day he wrote: “In locating the letters I do not
have any visual image of the keyboard at all. I find that I
can write more casily if 1 keep my eyes firmly fixed on the
letters of the copy while I write them, and my attention on
the kevboard. I simply think where each letter is, which
means that there is 2 movement of attention over the course
to be taken by the finger in striking the proper key. If the
position of the key is easy with reference to the previous
letter, I can go to 1t directly and easily. If not I have to
fumble over a longer and more detailed path. 1 find that I
unconsciously adopt all sorts of means to help me in getting
my fngers to the individual keys. 1 noticed a case today
where I had my left forehnger on the ‘t” key when I had to
strike the ‘y’ (a very hard letter to locate) with the other
hand. I immediately felt one key over to the ‘y’ with my
left forefinger and struck the ‘y’ key, thus located, with the
right forehnger directly. It saved the long round about way
of locating the ‘y’ usually employed. The attention of itself
moved in this way quick as a Hlash and 1 had completely
finished the process and was reaching for the next key when
[ noticed what I had done and stopped writing to make a
note of 1t.”

On another day he wrote: “There has been a tendency to
turn the eyes away from the copy to the writing to see
whether or not it was right. This was fallen into “because
of the tendency to reach for the keys directly instead of
feeling my way to them in the old way. 1 wanted to test
the correctness. This change, I am sure, took some of my
attention from the process of directing the movements and
keeping oriented on the keyboard. [ndw I fell into the
habit again of keepingmy eyes closely fixated on thc: copy
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which again throws my main attention on directing the indi-
vidual movements of my hands. This brought a sort of
\-.1rmmg up und enabled me to go on with these movements
executing them in an almost unbroken series which was dis-
tinctly pleasurable. 1 seemed to feel the associations and
the assurance of correctness growing. [ found myself gradu-
ally feechng my way more and more directly to the different
keys and 50 building up connections between the order of
the letters in a word, and the position of their letters on the
kevboard, all of which was very different from yesterday,
because my whole attention was now kept on just this direc-
tion and motor-tactual image, made possible because I now
make all the testing motor so that attention is on only one
sort of work. The n:hangf: was not premeditated in any sense.
I simply happened to notice that 1 was doing it in this way
and how much better 1t was than the way I did 1t on pre-
vious days, so purposely adopted it. It became a pleasure
to feel my wav over the keyboard testing correctness by
touch rather than by looking at what 1 had wrnitten.”

At a sull later stage we read in his special notes: “If a
break in the wniting occurs from any cause, the feeling tone
changes at once. Your control over the spelling and copy,
and your ability to recognize directly and easily the right-
ness of the movements 1s interfered with. You no longer
can go directly and surely to the next key; you must resort
to an older, more rnundahnut way of locating the keys, until
the direct feel 1s again built up. In this relearning all sorts
of temporary helps are used which assist motor-tactual rec-
ognition. All sorts of ways of testing the right location of
the key to be struck are used. But no more than are required.
As soon as the right movement can be made and its correct-
ness recogmzed by attending to its “feel,” these old helps are
discarded. These emergency helps are never alike. New and
better ones are used from time to time as conditions at the
time require. If one was not trying to see just how the work
was done, the kind of helps invented and used as well as the
fact that they were employed, would never rise into con-
sclousness at :i“ "

At the close of one of his daily tests, Z said: “I have been
surprised at how little control I have over the way attention
works. We may do much towards keeping it concentrated
on the work, but all improvements in method are uncon-
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sciously made. Attention of itself lays hold of the oppor-
tunities presented for making short cuts. 1 have often
observed that improvements are always made before I notice
their need or think of doing it that way.”

We are now 1n position to see why little or no im-
provement 1s made when attention and effort are re-
laxed. A lapse in attention and effort means that fewer
adaptations are made. The learner settles down to
more primitive methods of work, writing on a low plane
when closer attention and increased effort would mean
new adaptations, rapid improvement, and the develop-
ment of more advanced methods of work. The fact
that these lapses in attention and effort were so largely
bevond the learner’s control, and the further fact that
the learning was unconscious, the organism adapting
itself to the conditions presented with so lictle help
from consciousness, emphasizes again the importance
of hygiene for learning. It is not what the learner
would like to do that determines his rate of progress
in learning, but what his mental and physical condition
at the time will let him do. Learning typewriting is
something like mowing a field. The farmer takes out
his machine to cut the grass. All he can do is to keep
his machine in perfect condition and properly and vig-
orously applied to the work. The machine does all the
rest. It does its own work n 1ts own way. How well
the farmer succeeds depends (1) upon the narure and
condition of his machine, and (2) upon how strenuously
and well he keeps it applied to the work. So in learning
typewriting. The learner begins his task of learning to
use the typewriter. How rapidly he improves depends,
(1) upon the learner himself and upon the mental and
physical condition of his organism, and (2) upon how
carefully and strenuously he keeps himself applied to
his task. The best thing a learner can do is to keep
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himself in perfect condition and strenuously but prop-
erly applied to the work, the organism will do the rest.

4. HOW SPECIAL TYPEWRITING HABITS ARE
FINALLY FIXED

The most obvious explanation of the general form of
the learning curve for any complex process of learning
like typewriting 1s, that it 1s really the summed result
of a2 number of elemental habits all of which show the
same typical rapid gain at the beginning, where there
are many possibilities for “short circuiting,” and slow
gain at the end, where all progress must come from a
further perfection of the habits as such. This our obser-
vations abundantly justify, but it 1s not the sole reason
for the slow advance in the later stages of progress.
Another is to be found in the fact, also sufhciently
demonstrated bv what has gone before, that gain in
skill in tvpewriting 1s a process of progressive organi-
zation and co-ordination of simple activities, and there
is every reason to think that such a process will itself
go on more readily with simple than with more com-
plex elements, so that in this respect also we should
look for a regular decline in the rate of gain as practice
continues. Still a third factor, and one very important
for learning, 1s to be found in the relation of these nearly
automatic processes to attention. As has already been
pointed out in preceding sections (see especially pp. 39,
49-52, 73-74, 76-80, 85-88), these processes need a
minimum of oversight ‘rm a very long time even after
they seem completely self-regulative.! In other words
habits are perfected or sink to the realm of the uncon-
sclous ery ;frmhm!h [f we micht "i}'}L‘ilk of their final
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l(_nmp ire on this pmnr r W. F. Book, “Le: arning to Type-
write,” Chapter XII, Section 4 and Chapter XV, The
UI{, rir Pubilbhmg Lu,, New YUIL
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perfection or dropping out of consciousness as dying,
they die hard. At the same time they have become
extremely hard to hold in attention because they are
so nearly automatic. In the early stages of their devel-
opment, where many adaptations and short-cuts in
method were possible, they more naturally compelled
attention because progress was rapid and easy. Later,
when most short-cuts have been made, when advance-
ment depends upon the perfection of the associations
already formed, and when progress i1s slow and the
chances for gain reduced to a minimum, attention
tends naturally to dnft to other things, making those
stages 1n the learning where a particular association or
group of special associations 1s being finally perfected
distinctly “critical” in nature. The full signihcance of
this fact for learning will be discussed later, but 1t may
be remarked in passing, that the help of a skillful
teacher 1s especially needed at these “critical stages.”
(1) To encourage the faint-hearted learner; (2) to see
that he attends to all details until they are mastered.

§. THE GENERAL COURSE OF THE LEARNING
CURVES EXPLAINED

After what has been said our explanation of the gen-
eral features of our curves may be brief. The first rapid
and continuous rise i1s due to the fact that the learner
is making progress along many different lines at once.
Rapid strides of improvement are possible and made
simultaneously in every department of the work. The
learner is not only forming and perfecting letter asso-
ciations but syllable, word, and phrase associations as
well. He is simultaneously improving his method of
dealing with every problem that the writing presents;
locating the keys, directing and controlling his fingers,
“spelling’” or initiating the movements, getting his
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copy, learning to deal with special dithculties, learning
to keep attention more closely and economically applied
to the work, etc. The curves will rise rapidly and con-
tinuously so long as many of these possibilities of 1m-
provement exist. As they grow less numerous the rate
of gain will likewise decline untl, as stll more skill 1s
acquired, a state is reached where most adaptations or
short cuts in method have been made; fewer special
habits remain to be developed; fewer adaptations are
possible.  Those possible have become harder and
harder to make, because they must be made in the
realm of the higher-order habits where the learner has
had less experience. Every man has had experience
with the first stages of learning, but little with the later
stages because most people touch hightly many things
and are masters of nothing. There being now fewer
adaptations to make and those possible being harder
and harder to make, and the process of finally perfect-
ing all the special associations being so gradual and
slow, the learning curve becomes, as the expert stage
1s approached, almost horizontal. In the later stages
of learning the sole gain must come from an occasional
adaptation in method and from a further perfection of
present habits and methods of work.



CHAPTER VIII

PHENOMENA INFLUENCING LEARNING
AND THE RATE OF WORK

Thus far we have dealt entirely with what might be
called the progressive changes which the practice pro-
duced, with the formation and development of type-
writing habits of every kind and grade, but have said
nothing about the factors which conditioned their devel-
opment and growth. We have talked as if learning
went on in a perfectly simple, straightforward way.
But learning to use a typewriter i1s by no means a simple
or steadily continuous procedure as our learning curves
show. Many things help to make progress in learning
unsteady, and not the least of our tasks in presenting
our results 1s an explanation of the factors which oper-
ated in producing our aciual curves.

I. SOME OBJECTIVE FACTORS THAT INFLUENCE
LEARNING AND RATE OF WORK

The amount written on any particular day 1s, of
course, the resultant of many co-operating influences,
some external and some internal, some tending to n-
crease the score, some tending to dimimish 1t; but ther
method of combination is not always one of simple addi-
tion or subtraction, and in many cases dehes analysis.
Objective difhiculties in any part of the work were
found to sometimes attract attention so suddenly and
strongly as to break up completely the typewniting psy-

138
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chosis for the day. Anv long, hard, or unfanuhar word
takes extra attention and must be written In a more
primitive way than the average run of words. When
one of these difficult words is run onto in the course of
the writing, the learner’s orientation on the keyboard
is lost and cannot instantly be regained. If this occurs
often these effects accumulate and the score for the day
will be appreciably lowered. On a certain day the
words  “psy chological™ and “physiological™ = often
occurred in the copy Y was writing. His notes clearly
showed that the mental disturbance caused by these
long and difhcult words was responsible for the low
score that day. DBut such an interruption may be
caused by other things than the copy. A number of
cases were described in the daily notes where reversing
the ribbon, changing the tension of the keyvs, changing
the article copied, and in the later stages of the S. M.
practice, a particularly interesting bit of copy had such
an effect on attention. One day Y had been marking
oftf a tennis court and failed to get all the lime dust off
his fingers. The sticky feeling and the distractions set
up by wondering whether this would materially affect
his score, and speculating about the particular kind of
effect it was having so interfered with the working of
his attention as to materially diminish his score for the
day.! The remark of Miss Carrington, already quoted,
“If I am 1n a contest and once think, ‘I wonder how
Miss —— is getting along,” I know I have lost,” indi-
cates how much a writer's score is interfered with by
such distractions, and introduces us at once to the more
important group of dithculties or disturbances of sub-
jective origin,

"It probably alse influenced his touch discrimination,
though this was not mentioned in the analysis of the dis-
turbance given in his note for the day.
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2. SOME SUB]JECTIVE FACTORS THAT INFLUENCE
LEARNING AND RATE OF WORK

(r) Relearning and Warming Up

It 1s a common experience in many ‘sorts of mental
and physical work to find a short period of “warming
up’’ necessary before the best work can be done. The
cause of this improvement is doubtless quite complex
and may vary considerably from one sort of work to
another. We do not propose to offer a full analysis of
it; but two factors came out in our work on typewriting
with some distinctness. It will be convenient to treat
them separately, though they operated simultaneously
and doubtless are very closely connected. We shall
call the first “ Relearning,” reserving the term “Warm-
ing Up "™ to cover an improvement in the general psycho-
physical condition of the learner which shows itself on
the one side 1n better attention and general mental and
motor efficiency and on the other in increased rapidity
of circulation.

a. The Daily Relearning—Memory as everyone
knows 1s basic for all acquisition. The reason some
subjects improve so slowly is that it takes them most
of the day to relearn what they forget over night. A
learner’s progress, therefore, depends as much upon
how well the effects of practice can be retained and on
how quickly and easily lapsed acquisitions can be
revived, as upon the amount learned each day. Mem-
ory permanency and the factors which mfluence reten-
tion, have been studied, but their relation to acquisition
has, to my knowledge, not been touched upon, save
indirectly by Leuba, Lindley, Specht and those studies
by Kraepelin and his pupils that seek to determine the
most economical periods of work and rest for different



PHENOMENA INFLUENCING LEARNING 141

kinds of work.! We have already had occasion to
speak of the importance for learning of proper mtervals
of work and rest (see pp. 112—-114). The daily relearnming
is closely related to them and must be taken into
account in every serious study of learning.®

That an actual daily relearning occurred was shown
by a variety of facts. A comparison of the amounts
written in the several minutes of all the tests revealed
the fact that for all subjects the rate of writing increased
rapidly for the first five or six minutes of the T. M.
(ten minute) tests and slowly for some ten or twelve
minutes in the S. M. (thirty minute) tests, (see Figure 6,
below). The drum records showed that for the middle
or last part of the writing of almost any test the strokes
came closer together on the records and indicated by
their arrangement that habits of a higher order were used.

That a part of this increase in efficiency was due to a
daily relearning was shown by the observations of the
learners which disclosed the fact that none of the associ-
ations involved i typewritingworked as easily or readily
upon frst beginning to write each day as afterwards.
The newer adaptations and latest short cuts in method
could not be used immediately upon beginning to write.
All associations used had to be revived each day or
exercised for a time before they worked easily and per-

' See especially Kraepelin’s Psychologische Arbeiten, Vol.
II1, pp. 482-534, Vol. 1V, pp. 554-556, and Leuba’s study,
“An Experiment in Learning to Make Hand Movements,”
Psy. Rev., Vol. X11, Nov., 1905, pp. 361-369, Archiv fur die
Gesamte Psychologie, Vol. 111, 1904, pp. 1-32, article by
Specht.

* The importance of the relearning and the diminished effect
of practice after a certain optimum amount, as well as the
advantage of properly distributed repetitions, was shown by
Ebbinghaus’ early experiments (see Uber das Gedachtniss,
Leipzig, 1885, pp. 83, 122).
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fectly. As Y expressed it (May 10): “It seems to be
true for every day that during the first five minutes or
so of the writing I cannot go at an average rate. This
was particularly noticeable again today. The main
difficulty in this seems to be the fact that I cannot
recognize positions on the keyboard. I have to fumble
around to get my fingers placed, and when I do have
them correctly placed, it often takes some time to
decide that they are thus rightly placed. Likewise,
when they go wrong, I do not notice 1t and hesitate to
decide where to strike for a key I want. I can find
nothing i 1t but this—the slowness and absence of
ready recognition. The “warming up” which occurs
as the practice continues seems to consist simply in a
rapid disappearance of this dithculty. As I go on writ-
ing, things seem to clear up on the keyboard, the fingers
begin to find their places readily, I know uh{:n they are
rightly or wrongly placed at once, and I do not hesitate
any more in directing them.” Other typical descriptions
of this daily relearning are the following: “In first
beginning to write each day,” wrote Z, ‘T often notice
a greater difhculty for the frst few minutes in finding
the keys. There 1s a decided ‘warming up’ in this
respect.”  On another day he wrote: “I noticed in
beginning to write today that the movements of the
fingers were very inaccurate and hard to control and
required much more conscious direction than they did
later on in the test.”

X observed that the memory of the muscular “feel”
of the semi-automatic movements, which, in the letter
association stage of the T. M. writung directed the
fingers and hands, lasted but a very short time. When
this association was being formed the motor-tactual
image for the movements was lost altogether over night
and had often to be revived with each removal of the
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hands from the keyboard. Touch recognition had to
be newlv acquired each day unul a high degree of
automatism had been attained. On December 10, he
wrote in his notes: “Have noticed for some time that
when 1 first begin to write, I do much more detailed
directing with the attention, and put in more steps in
getting my fingers to the keys than I do after I have
written a while. I cannot rely on the‘feel ' of the move-
ments directly for guidance in the early part of the
test, but must assure mysell by touching some of the
intervening kevs. I cannot write by the newest meth-
ods but must use an earlier, surer method of getting my
fingers to the keys. This is often necessary when I
stop just for a minute to move back the carriage or have
greatly changed the position of my hand.”

What the daily relearning includes depends upon the
method of writing and stage of development reached.
After making careful tests in the last days of his prac-
tice sentence writing (S. M.), in order to see what letters
it was still necessary to fixate with the eyes, X wrote:
“ After a long pause, and on succeeding days when frst
beginning to write, I use my eyes on all the letters.
After a little practice, the eyes are only used in locating
a few of the keys.” In his T. M. notes he wrote: “Upon
beginning a test and after a break in the work most
letters require the ‘feel’ of the direct movement to be
built up anew by the surer and more roundabout
method of locating the letters, employed in an earlier
stage. The motor-tactual image cannot be depended
upon for guidance during the first minutes of a test.”

No attempt was made to determine the amount of
loss incurred by this daily forgetting or to ascertain the
individual differences in this regard. It was only de-
termined that such relearning occurred and that it was
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important for acquisition, a matter to which we shall
later return.

b. The Warming Up.—Curves drawn on the tasis of
the average amount of work done each minute in all
the tests, showed for the T. M. practice, as we have
said, a rapid and continuous rise for the first five or six
minutes of the test (heavy line of section A, Figure 6),
followed by a decline for the sixth, seventh, and eighth
minutes, and a second rise as the end of the test was
approached.! The curves for the S. M. practice show
that in these longer tests (it will be remembered that
the S. M. tests were thirty minutes long, the T. M. tests
but ten), almost no “warming up” occurred and that
it was distributed over a longer period of time (heavy
line of Section B, Figure 6).

Pulse curves? drawn on the basis of the average pulse
rate each minute for all the tests (dotted lines in Figure
6) showed that with the warming up, or increase in
efhciency, there always went an increase in pulse rate.
In every case the pulse curves follow rather faithfully

 The reason why Y’s efficiency curve given in the Figure
does not show a rise the last minute is the lack of “Schlusz
Antrieb” in his plateau practice, June 19 to July 29. If the
records for these days are excluded his curve shows a final
rise. See Figure 12, p. 173.

2 Tt will be recalled that a pulse tracing was recorded with
the record of the writing on the drum in the hope that the
pulse would give some indication of whatever fluctuations in
attention and effort mighe occur. From these records the
pulse rate was determined for each successive minute of every
test. The pulse curves correlated with the efficiency curves
:n this and the following figures are based in each case on
the average working pulse for the several minutes. We may
assume without hesitation that these pulse and efficiency
curves represent the action of a constant influence. See note,

appendix to this study, p. 249.
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Strokes Ave, 1
per Minute Pulse Rate
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Fic. 6. Typical work and pulse curves showing the efhiciency
and pulse records for each minute during the ten-minute
tests. The efhciency or work curves are drawn on the basis
of the average numher of strokes made on the machine.
Each successive minute in all the tests, the heavy or con-
tinuous lines, and the average pulse rate for each successive
minute for all the tests, the broken or dotted line. Part “A”
of the hgure shows the curve for the T. M. learning of “Y”
and represents 130 practices. ‘B’ presents the curves for
the 5. M. practice of “Z"" and represents 86 practices. To
set in a better hight the salient features of the curves and to
keep them within bounds, the curves for Y and Z, Figures
“A” and “B”, had to be drawn for on a different scale.
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the work or efficiency curves. (Compare Section A,
Figure 10, p. 159, and Figures 12, 13 and 14, pp. 173, 174
and 175.)

To understand this increased efficiency we must con-
sider the following facts. On the mental side we have:
(1) The daily relearning already described; (2) the
warming up or development of a typewriting psychosis,
the acquisition of a helpful “set” of mind which gave a
sort of bent or momentum to attention. On the physi-
cal side we have: (1) The actual activity involved in
the practice; (2) the increased circulation or general
physiological ““limbering up” revealed by the rise in
pulse. It was found that, when the learners first began
to write each day, their attention could not be applied
so effectively to the details of the work. By no manner
of means could the learners make it behave as it natu-
rally did of itself after the “warming up’” had occurred.
As one of the S. M. learners expressed it: “When my
eves work ahead of my hands, as 1s now the case, the
tendency 1s for the hands to strike too far ahead 1n the
word, that 1s, go with the eyes when msufhcient atten-
tion is given to the work. The eyes are now running
ahead in this way as 1s also a certain process of ideation
that used to be the ‘spelling.” A certain distribution of
attention is required to make this method of directing
the movements go on to advantage. Any distraction
upsets it, anything that tends to occupy the attention
or to interfere with my control over it makes trouble.
When I get warmed up my attention 1s properly divided,
each part of the work gets its share of attentive direc-
tion. I am then able to so manipulate and control
attention that easy and fast writing resules. I am able
to keep other things out of consciousness by keeping
my mind wholly focused on the details of the work. It
seems as though, in these periods, a set of mind 1s
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developed that makes for quick and easy work. I
don’t know how 1 get 1t but know that my attention 1s
kept focused on the work, that it 1s properly divided,
and that it works more of itself.”

As this quotation suggests, one of the important facts
about this increase in efficiency 1s its spontaneity. It
seemed to be u'hnlh' beyvond the learner’s control; 1t
came of itself, if 1t came at all, and could nelther be
hurried nor controlled. On June 10, Y wrote: “Noticed
a distinct warming up again today. For the first min-
ute or so my orientation on the kevboard did not clear
up. I could not readily decide in each case whether
ny hngem were placed correctly or not. The ‘clearing
up’ seemed very abrupt but I could see no cause for
the sudden increase in ethciency.” On another dav
(June 1) he wrote: “For the first minute or two I could
not get started at all, could tell nothing about where my
fingers were, no recognition of errors or correctness was
present. I felt utterly lost on the keyboard. I got
started fast very suddenly. The recognition, absent at
first, came in all at once, after which the WIItIng weit
easy and fast.”” On May 13, Z wrote: *““Came out of the
bad period, experienced when I first began to write, by
waiting before the word or letters long enough for the
right association to come up. At first these associations
had to be dragged in, in the round about way I employed
in building them up 1n the earlier stages. They soon
came up more easilv. With thiswent a feeling of pleasure
and satisfaction, which, for one thing, made me willing
and satisfed to go slow enough to give time for the
associations to come up. I have learned that you can’t
hurry the associations or force attention much, if at all,
When you try it, you go to pteces and lose control.”

Another fact that should be mentioned 1s that a dis-
tinct warming up did not occur every day as the curves
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might suggest. On some days the learners seemed to
be “warmed up” when they began to write or got
warmed up very soon after starting. They could at
once begin writing at a maximum rate and keep it up
throughout the test. On other days no ‘warming up’
seemed to occur or if 1t did 1t was so slight that it was
barely noticeable and came in only towards the end of
the test.! But such days were the exception or our
curves would tell a different story.

Summarizing our facts on the relearning and warm-
ing up we find going with the increased efficiency re-
vealed by our curves: (1) A daily relearning or revival
of the associations formed; (2) the acquisition of a
favorable “set” of mind or development of a typewrit-
ing psychosis; (3) a sort of joint effect of these changed
mental conditions, the disappearance of many former
difhculties. The learner suddenly gains better control
of every detail of the work; he feels as if he had become
relieved of the care of many details; the writing
becomes noticeably easier all at once; the keyboard
suddenly clears up; difhculties encountered in the first
part of the test suddenly disappear; the fiingers become
limber and of themselves do more towards finding the
keys; attention works more spontaneously, etc. That

1'This would seem to be due to the irregular fluctuation
in efficiency during the course of a day found by Marsh.
(Archives of Philosophy, Psychology and Scientific Method,
Columbia Contributions to Philosophy and Psychology,
July, 1906, pp. 1-97.) On the days when the learners were
at their “top notch” of efficiency and warmed up to begin
with, the test found them at the crest of one of these daily
efficiency waves; on the days when no warming up seemed
to help them, they were probably at a trough in their daily
efficiency curve, for the whole series of tests these would
balance each other and give us the normal phenomenon of
warming up as shown by our curve.
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with these changes in consciousness there should always
go a marked increase in blood supply as 1s shown by the
correlation between the pulse and efhciency curves 1s
as significant as 1t 1s interesting. It suggests an
increase 1n spontanecus attention or effort, a sort of
phvsiological limbering up, a close relation between the
revival of the growing associations and the nutritive
changes set up by the increase in blood supply.
Significance for Acquisition of the Daily Relearning
and Warming Up.—The fact that an actual daily re-
learning or revival of the newly formed associations
occurs during the early part of a test gives a scientific
basis for the generally felt need of starting any activity,
mental or physical, slowly and working rather leisurely
until all the associations involved have been fully re-
vived. When we add the fact that the most automatic
habits which the learner has acquired must be exercised
for a time before they will work perfectly, and that a
typewriting psychosis, or favorable “‘set” of mind,
must be developed before the work can be done on the
highest plane the learner has yet attained, the signifi-
cance of the relearning and warming up for acquisition
becomes clear. There are times when pushing ahead
with a “do-or-die” attitude results in retrogression and
failure to learn. Such periods occur on an oft day and
during the early part of a test. Upon first beginning
to write the learner must go slower and carefully re-
fresh the newly acquired associations, and revive the
old ones before he can work to advantage with a “do-
or-die’” attitude. If this 1s neglected he will push him-
self into his own undoing instead of onto a higher plane
of work.! Only on the good days when all associations

t X, who started his S. M. tests more nervously and showed
the greatest mitial spure in effort, showed the slowest rate
of improvement. Both Y and Z started their tests more
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have been carefully revived is it profitable to “sprint.”
It 1s strenuous effort carefully applied to the details of
the work when all conditions are favorable and when
the learner 1s thoroughly warmed up and has the right
psvchosis for making new adaptations in method, that
hfts the learner out of his habitual ruts onto the higher
planes of work.!

(2) Fluctuations in Attention and Effort

The most important phenomenon influencing learn-
ing and rate of work and the cause of much unsteadi-
ness in the rise of the learning curves was the fluctu-
ations in attention and effort that occurred as the
practice proceeded. It was found that the learner’s
spontaneous attention or natural efhciency varied from
minute to minute of every test, from day to day and at
different stages of the learning; the amount of voluntary
attention or effort at his command varied in a similar
way; and the learner’s ability to direct his energies
effectively, and to supplement the defects of sponta-
neous attention by voluntary actention hkewise varied

leisurely and showed more rapid and steady improvement
than did X. In his T. M. learning X’s progress was more
steady and rapid and his notes clearly show that he had
learned to start into his tests a hittle more leisurely. As he
one day phrased it: “Learned from watching Y and Z the
value of making haste slowly.”

t This lesson the expert has thoroughly learned (compare
pp. 89-99 above), but it is a critical problem for the learner,
hard to solve alone. X did not learn the practical significance
of this point until in his T. M. learning. His rapid improve-
ment in that method was largely due to the fact that he
had learned when and howe to try. Most learners do not of
themselves learn to profit by this fact without paying dearly
for their lesson.
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in the same universal and irregular way.! These fluc-
tuations, while their cause and effects cannot alwavs
be disentangled, are jointly so important for learning
that thev need to be fully described and their relation
to acquisition carefully pointed out.

Our evidence for these variations in attention and
effort 1s fourfold: (1) The notes of the learners, spon-
taneously written down each day at the close of the
test. (2) The notes of the experimenter. (3) The
records of the working pulse. (4) The errors made.
As heretofore the observations of the learners, when
veritied by objective data, were made the ultimate
court of appeal. The pulse curves and errors showed
not only that the observations of the learners concern-
ing the fluctuations in attention and effort were correct,
but revealed additional variations of which the Iearnerb
were ignorant. In our treatment of these fluctuations
in attention and effort we shall first inquire into the
nature and validity of some of our evidence, then de-
scribe the fluctuations themselves, stating so far as pos-
sible, their cause and influence on the learning 1tself.

a. Correlation of the Learming and Efficiency Curves
with the Curves of Pulse Rate.—Perhaps the most im-
portant and significant fact brought out in the entire
investigation was the close correlation between the
pulse, efhciency, and learning curves. For all the reg-
ular writing tests there is a higher average rise in pulse
for the rises (slow and rapid) in the learning curves
than for the plateaus, a higher average rise in normal

' A rather marked progressive change in the learner’s at-
tentive ctheiency also occurred and was described above as
learning to artend and economize effort (see pp. 96-98),
This general practice effect should be carefully distinguished
from the regular fluctuations here treated. The former was
a part of the learnming itself, the latter a condition modifying it.
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pulse for the periods of rapid improvement than for
periods of slow improvement or arrest. This fact is
clearly shown by the data given in Table 1II and
Figures 2 and 15, pp. 18, 192.

A similar correlation holds for the pulse and efficiency
curves. Compare Figure 6, A of Figure 10, and Figures
I1, 12, 13 and 14, pp. 145, 159, 170, 173, 174, 175.
During most of their course these pulse and efhiciency
curves rise and fall together.

TABLE II1

Average Rise in Working Pulse Rate for Periods of Rapid

Improvement Compared with the Average Rise in Pulse

Rate for Periods of Practice Represented by the Plateaus
in the Learning Curves

Rises in Learning Curve Plateaus in Learning Curves

Ave, - Ave,
No. No. oni
Date Tests R:;:L M. V. Date Tests RI’:" M. V.
Taken | pojee Taken | p 1.
= Mar. 11-June 19 | o6 days | 8.21 | 1.90 ]| June 19-July 29| 3zdays|6.77|z.01
< o
P
™ [May 2-June 19|48 days|8.30| 1.82| June 24-July 10| 10days |5.44|2.07
=] Mar. zo0-Apr. 14 | 16 days | 7.80 | 2.50 | May 27-June 22 | zodays | 6.81 | 1.25
=
uif_i-."tpn'l 11-27.....| 16 days | 7.12 | 1.59
o b= .
E.qa' May &-2z6.....|18days|7.35|1.560f June t6-22.....| 6days |5.80 1.06
w x [ Mar. 17=27. .. todays | 7.51 | 1.06 | Feb. 25-Mar. 16 :i}:la;-:;' 7.08 | 1.70
""E Mar. 28-Apr. 18 | 2z days | 8.06 | 1.47 §| Apr. 10-May 35 |17 days | 6.38 | 1.55%
va I |
] . May 6-17..... ttdays |o.o7 | .08 May 1B-June 2 |15days|7.17|1.43
B June 3-20..... 16 days [ 8. 40 1.“1 r

What, we may ask, do these correlations mean?
These fluctuations in pulse might, at first thought, seem
to be due to the increased physical activity (hnger and
hand movements) involved in writing more lines of
copy. This would make the pulse curves higher for all
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rises in the learning curves, as was the case, and would
account for the close correlation between the efhciency
and pulse curves. That this, however, was not the
cause of the correlation 1s shown by the following facts:
(1) The rise in pulse over the normal was as high and
in some instances higher, for the early stages of prac-

No. of Ave. Rise
Strokes in Working Pulse

No. of Tests Taken

FiG. 7. Practice and pulse curve for the practice sentence
writing of 7 (sight method). Both curves were smoothed by
taking an average of the first three days’ record in each case,
then the average of the second, third and fourth days; then
of the third, fourth and hfth, etc., to the end of the tests.

tice where little was written, than for the later stages
where five or six times as many strokes were made.
Compare the figures on the curves showing the average
rise in normal pulse for different stages of practice,
Figures 2 and 15. (2) In the practice sentence writing
the pulse 1s higher in nearly every case where the least
writing was done.

This latter fact 1s clearly shown in Figure 7, repre-
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Strokes Made
on Machine

No. of Practices

Fic. 8. Practice curves for Y’s Touch Method writing of a
practice sentence and Z’s practice sentence curve for the
sight method. The horizontal bars in the lower curve rep-
resent the average amount of work done during the period
of practice indicated by their length. The figures set above
these horizontal bars indicate the average rise in normal
pulse for the period; the figures below the bars the per cent
of errors for the period of practice marked by the length of
the sections. The figures on the horizontal lines drawn
through the upper practice curve (Y's T. M. curve) show
the average rise in normal pulse for the period represented
by the length of the straight lines as measured by the hori-
zontal scale. The height on the vertical axis at which these
lines are drawn shows the average number of strokes made
for the period of practice indicated by the length of the lines.
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senting the pulse and learning curves for the practice
sentence writing of Z. As may readily be seen the
pulse curve 1s higher for the plateaus in the learning
curve (z1st, j3oth and j3z2d, 45th day) than for the
period of rapid rise near the end of the practice (46th
to 57th day).!

The same thing is shown in another way by the prac-
tice sentence curve of Y (upper curve I'igure 8, same
as curve “L,” Figure 2), only his practice was stopped
while he was sull on a plateau, making 1t impossible
to tell whether his pulse rate weuld also have decreased,
as in the case of Z, when improvement began.

It was also determined that there was almost no
correlation between the ¢fficiciicy and pulse curves for
the practice sentence writing. For the first minutes cf
the tests the efliciency curves were low, the pulse curves
high. For the last minutes of the tests the efhciency
curves show a rapid rise, the pulse curves a rapid faliing
off (Figure g).

We, therefore, conclude that the rise and fall of the
pulse curves was not caused by the physical activities
involved in the writing; for here the pulse is lowest
in every case where the most writing was done and
vice versa.

What then do our pulse curves mean? Why is there
a high positive correlation between the pulse, efficiency,
and learning curves for all the regular writing tests and
an inverse instead of a direct correlation in all the prac-
tice sentence curves? As might be expected, many
things influence pulse rate, as is shown by the lack of
correlation from minute to minute and from day to day
for the individual tests. But these accidental factors
average out 1n a large number of cases, and allow more

! Compare also the hgures and behavior of the lower curve
in Figure 8, a diagrammatic representation.
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constant influences to appear. Such an influence and
one that we should naturally expect to affect not only

Ave. ngnknﬁ Ave,
per Minute Pulse Rate
EZ0

i 1 . s ‘ z 2 2

Minutes of Test

F16. 9. Comparison of the pulse and efhciency or perform-
ance curves for the practice sentence writing of Y and Z.
Figure A shows the curves for all the T. M. practices of Y
(40 days). The heavy or continuous line is his work or per-
formance curve, the broken line his pulse curve. Figure B
gives a similar record for Z’s 60 days’ practice. The
continuous line shows his efliciency for each successive
minute of the test; the broken line his average nulse rate
for each minute in all his tests. Both curves are drawn on

the same scale.

the learner’s score but his pulse rate as well, 1s the
amount of energy or effort, voluntary or spontaneous,
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that he puts into the work. Strong effort and rapt
attention would increase both his pulse rate and his
writing score; lack of effort and dispersed attention
would cause a drop in both. This would account for
the general correlation between the pulse and learning
curves shown by all the regular writing tests and for
the fact that in the regular practice the ethciency and
pulse curves always rose and fell together. But what
about the mverse correlation shown by the practice
sentence curves? Does a rise in pulse rate always mean
that more attention and effort have been put into the
work? Do the differences in the character of the fluc-
tuations 1n the pulse rate, which occur at different
stages of the practice, mean variations in the amount
of effort and attention put into the work?

QOur facts warrant an affirmative answer. The ob-
servations of the learners showed not only that many
variations in attention and effort occurred throughout
the course of the practice but that they occurred at the
identical stages indicated by the variations in our pulse
curves. | he learner’s and experimenter’s notes further
showed why a rise in the pulse curves was not always
associated with 1mprovement or increase In writing
score. Such a correlation could only be perfect, 1f the
other factors influencing the pulse remained reasonably
constant, and if the energy expended was always efficiently
applied. The observations of the learners showed that
the effort put into the regular practice was generally
efhcient.  We should, therefore, expect a correlation
between the pulse, efhciency, and lcarning curves for
the regular practice as was the case. The observation
notes for the practice sentence tests, on the contrary,
showed that here the learner’s energy was almost never
economically apphed. IHis attention was carelessly
directed, not kept on the details of the work.  As one
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of the learners expressed it: “Attention is on making
the movements go fast, rather than on making certain
well directed movements as fast as possible.” As a
result many conflicting associations were formed and
the correlation between the pulse, efliciency, and learn-
ing curves was destroyed.

It was further determined from the notes that the
subjects usually began their practice sentence tests with
excessive effort; that they started out excitedly; tried
to go faster than they could actually write. Our
objective records show what, on our assumption, we
should expect to hnd; namely, a high average nse in
the pulse for the early part of these tests and a low
writing score (see Figure 9). Towards the end of a test
when the subjects did not work so wildly and attended
more carefully to the details of the work, the order is
reversed; the work curve 1s now high, the pulse curve
low. The efhciency and learning curves show the same
fact (that in the practice sentence writing more energy
was put into the work, but that i1t was wrongly applied)
in still another way. From the notes of the experi-
menter and learners, and the errors made 1t was found
that, for the first ten days of Y’s practice, his effort was
carefully directed. His learning curve shows a rapid
rise while his pulse showed only the normal rise of 6.82
beats for the period. There is also for this period a high
degree of correlation between his pulse and efficiency
curves (A, Figure 10). But at this point in his practice
Y reached a ““critical stage” (compare upper curve,
Figure 8, p. 154). His progress 1s arrested. His learn-
ing curve shows the beginning of a plateau. His notes

clearly show that for this period of practice he got
extremely nervous and put more energy into the work
than at any previous stage, but that 1t was wrongly
Jirected—directed to speed instead of to the details of
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the work. His average rise in pulse 1s, for this period
of practice, 8.15-9.37, and there is no correlation be-

Ave, No, of Strokes Ave
Made on Machine Pulse Eate

Successive Minutes of Test

F1G. 10. Efhciency and pulse curves for different stages of
Y’s practice sentence writing. ““A” for a period of rapid
improvement, the first ten days of practice, “B” for the
next thirty days where little or no improvement was made.
(Compare Fig. 8.) The curves are drawn on the same scale.
The continuous line in each hgure shows the average amount
of work (in strokes) done in each minute of the tests. The
broken line shows the average pulse rate for each minute of

the tests.

tween his pulse and efhiciency curves, (see Iigure 10,
curve B). The former is high where the latter 1s low
and vice versa.
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That the subjects were trying unusually hard where
their pulse curves were highest 1s further shown by the
fact that Z who seemed to try harder in his practice
sentence writing than any of the learners, injured the
Ulnar nerve in his forearm so severely while on his
practice sentence plateau, that he was forbidden by his
physician to write with a pen for months, and did not
fully recover from the effects of the strain for almost a
vear. But little improvement was made during these
periods of strenuous practice because attention was
wrongly directed. The learners worked like balky
horses. As soon as they learned to put forth only so
much energy as could be economically applied to the
work at that stage, and learned to keep attention again
on the proper details of the work, their learning curves
started rapidly upward and their pulse settled down
once more to a normal rise.

We, therefore, conclude that a rise in pulse rate means
that more attention and effort were put into the work,
a drop 1n our pulse curves a lapse in attention and
effort. The general correlation 1s so close, and the
exception in the practice sentence so easily explained,
that we may take the larger vanations in our pulse
curves as confirmatory evidence of the variations n
attention and effort observed by the learners and use
them with confidence in our explanation of the learning
curves.

b. Mistakes.—Additional evidence for the fluctuations
in attention and effort presently to be described 1s to be
found in the mistakes which the learners made. They
were told, when the practice began, to write always at
a maximum rate, but to avoid all mistakes. If in the
course of the writing a mistake should occur, they were
directed to go on writing without stopping to correct 1t.
Notwithstanding this charge many mistakes were made,



PHENOMENA INFLUENCING LEARNING 161

and their frequency varied almost directly with the
Auctuations in attention and effort which occurred. In
fact so close 1s the correlation between the kind and
number of mistakes made and the fluctuations in atten-
tion and effort, that the mistakes, instead of the ob-
servations of the learners and pulse curves, might have
been used to determine the fluctuations in attention and
effort. They were a reliable index of how the learner’s
attention worked on any particular day or at any stage
of the practice. During the bad periods and on the
bad days the tendency to make mistakes was much
greater than at other times. The learner’s attention
worked less spontaneously and his effort was more apt
to become slack or to be misapplied. As a result more
mistakes were made. There were days when the writ-
ten records for the dav showed twice as many mistakes
and a lower writing score than for the previous or fol-
lowing day.!

The daily Aluctuations in the percentage of errors are,
however, less important than the larger changes which
occurred at different stages of practice.  For the periods
of rapid improvement there 1s a gradual decline in the
percentage of errors, under the influence of the general
habit of dealing more carefully with each individual
difhculty as it arose (see pp. go—g4). But as stages
were approached, where the learner put less energy into
the work and directed his attention less carefully, the
percentage of errors greatly increased. For all the
learners most errors were made at those stages of prac-
tice where the pulse curves gave evidence of a marked

—

"For a detailed account of the course, prevention and
correction of all kinds of mistakes made by our learners and
by expert typists, see “Learning to Typewrite” by W. F.
Book, Chapters X1V and XVIII. Published by The Gregg
Publishing Company, New York City.
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failure in attention and effort or where the notes of the
learners showed that excessive effort had been ineffec-
tively applied (compare percentages of errors and the
learning curves, Figure 15, p. 192). Moreover, the
kind of errors made, depended upon the kind of vara-
tion 1n attention and effort that occurred.

With the relaxation of attention, charactenistic of
certain stages of advancement (the *““critical stages™),
there always went a marked increase in the following
kinds of errors. The learner got more careless about
locating the keys: (1) More often struck in between
them; or (2) struck the kev next to the one to be
struck; or (3) struck the space bar before he had fin-
ished the word; or (4) reversed the order of the letters
in certain words; or (5) struck a letter in a correspond-
ing position but on the opposite side of the keyboard,
e.g.,efori(T.M.); or (6) changed slightly the wording
of the copy by using synonyms, etc. (5. M.); or (7)
omitted a word or phrase of the sentence copied at the
time (S. M.); or (8) repeated a word or phrase (S. M.);
or (9) got the little fingers misplaced and wrote as
before, but on the wrong row of keys (T. M.), etc.—all
because his spontaneous attention had been turned
away from the work, and had left to automatic centers
tasks for which they were as vet unprepared. When
too great effort was put into the work and attention was
pushed ahead too fast (a not uncommon after-eflect
of the relaxation in spontaneous and voluntary atten-
tion just mentioned), the learners made mistakes like
the following: (1) Letters were omitted or struck too
lightly to record; (2) two letters were struck simulta-
neously; (3) the space bar was struck before the inger
was raised sufficiently from the last key; (4) the stroke
on the space bar was omitted or made too lightly to
cause the carriage to move; (35) letters were doubled or
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repeated; (6) the stroke was made ahead of time, etc.—
all because attention was kept on speed, instead of on
the steps that had to be gone through with and con-
sciously guided in order to write well at that stage of
advancement. The mental spelling was neglected.!

In every case the s hes swere 4 diert Eesuly o
some of the variations in attention and effort which
occurred and therefore showed the kind and degree of
fluctuations going on. They are related to learning in
two principal ways: (1) They further agoravated the
fluctuations in attention or effort then going on, either
l?}.' f:;a,,.-_!ng attention to themselves and so taltlng atten-
tion off the work, or by filling the mind with unpleasant
feelings on their account, often by both. (2) Certain
mental tendencies and associations were regularly
formed by the practice in error, which 1n the future
interfered with the action of the associations involved
I correct writing.”

Having briefly considered our objective evidence for
these fluctuations in attention and effort we may next
turn to the vanations themselves.

¢. Fluctuations in Attention and Effort within a Test.—
'l'he first Variutinn in interest (spontaneous attention)

1 The p'lrru.uhr causes of these mistakes and the psycho-
logical processes involved in making them are of general
psychological interest and were minutely described by the
learners, but we are in this study concerned only with their
effecct on the learning and rate of work. The mistakes made
in typewriting are in most respects analogous to the mistakes
made in pen writing and slips in speech, the psychology of
which has in part been worked out.  The cause, prevention
and correction of these mistakes has since been fully duuﬂud
by the author in a book entitled “Learning to Typewrite,”
published by the Gregg Publishing Company, New York
City. See Lhr}{.LlJ”V Chapters XIV and XV.

*Compare W. F. Book, “Learning to Typewrite,” Chapter
X1X, The Gregg Puhlmhmf_, Company, New York City.
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and effort (voluntary attention) to be described is that
which occurred throughout the course of a single test.
Two kinds of variations occurred: (@) An irregular
fluctuation 1n spontaneous attention, on the one hand,
and 1n voluntary attentien or effort on the other; (4) A
regular variation i voluntary attention or effort.

(a) The Irregular Fluctuations.— There were periods
in every test lasting from a half to two or three minutes,
when the learner’s natural spontaneous attention had
to be strongly supplemented and in some cases entirely
replaced by the less efficient and more fatiguing volun-
tary attention; other periods when spontaneous atten-
tion needed little or no support from voluntary atten-
tion. At the close of his test on June 5, Y wrote:

““The writing of the whole period today was charac-
terized by short, lucid periods 1n which every associa-
tion came up spontaneously and easily, accompanied
with good orientation on the keyboard, alternating
with relapses when I felt entirely lost on the keyboard
and when nothing went easily and well.” On June 3,
X wrote in his notes: ““Had several bright periods todav
when everything went well. Other periods when it
seemed to take much more effort to write. In the
latter periods I simply could not direct my attention to
the needed things. 1 seemed to have to work harder
to make any process go. Everything seemed to be
clogged up and I had to resort to earlier methods of
writing, attending more to each detail of the work. In
the good periods all the associations worked easily and
well. Only about half as much attention seemed to be
needed and this lowed to the nght details, 1t seemed,
more of itself. My fingers which gave me trouble in
the bad periods, by getting tangled up, hmbered up
and moved so easily in the good periods that i1t was a
pleasure to feel their movements.”
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It was determined that this failure in spontancous
attention or interest was apt to be followed or accom-
panied by a lapse in voluntary attention or effort and
plf::-u]th when the decreased efhciency was noticed
by the learner, by an almost uncontrollable desire to
trv to make up for the low score which the lapses in
attention and effort were producing. The daily notes
of the learners were full of such sentences as these:
“I suddenly realized several times today that I was not
doing my best. I am sure the writing went faster and
berter after that.” “There are periods in almost every
test where I do not and seemingly cannot apply myself
so strenuously to the work as at other times.” ““Could
write easily today but could not keep up a maximum
degree of effort throughout the test,” etc. That the
learners’ observations on this point were correct is
shown in a striking way by the behavior of the working
pulse. On several occasions in the practice sentence
writing, the pulse showed a vanation for different min-
utes of the same test as great as eleven or thirteen beats.
In the regular writing the variation was somewhat less
but there were many days that showed a variation as
great as eight or nine beats for different minutes of
the same test and this when the learners were doing
their best to work at a maximum rate. Our tables
further showed that for the different minutes of certain
tests there was great irregulanty in the working pulse
(compare Table I'V), on other davs a marked regularity.!

"It must not, however, be inferred that steady pulse
always meant a high score or rapid i improvement. For our
learners it generally meant just the reverse. There was for
all our learners less irregularity in the daily u.nrklng pulse
(1.e., the M. V. was smaller) for the periods of practice where
the Iung;_,Lr lapses in artention and offort occurred (the pla-
teaus) than for the periods of practice showing rapid im-
provement. Neither must it be inferred chat an irregular
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This was shown in a striking way by calculating the
mean variations for the pulse rates of the several min-
utes of all the tests. These mean variations for the
several days of practice not only indicated the amount
of unsteadiness in attention and effort for the several
days, but enabled us to determine the degree of fluctua-
tion which occurred at different stages of practice.

The cause of these irregular fluctuations in attention
and effort may be inferred from the following facts:

(1) They were wholly bevond the learner’s control.
He could not avoid them and could do little to regulate
or control them.

(2) They were always followed or accompanied by
unpleasant feelings which tended further to decrease
the amount and efhciency of the effort put into the
work by restricting the incentives to the sort of activity
then going on.

(3) Sense discrimination was noticeably dulled; every
association and mental process involved in the writing
worked less freely than formerly; more distractions
came in because attention could not be held on the
details of the work.

(4) The fluctuations were noticeably numerous and
troublesome on certain days and lacking on others.

working pulse always means high scores and improvement.
[t might mean this or it might mean that great effort was
being wrongly applied to the work. Another important fact
in this connection 1s, that while the pulse gets steady for
the periods of practice where the larger lapses in attention
and effort occur, the variations from day to day at these
stages greatly increase, suggesting greater irregularity and
unsteadiness in the effort put into the work from dayv to
day, but an increased steadiness during the tests. Our
evidence for this statement is that the mean variation of
the mean variations for the successive days was higher for

the “critical stages™ in every case,
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These facts all point to fatigue as the dominant factor
in causing the fluctuations in question. A uniform rate
of writing cannot, of course, be kept up throughout a
test, for this would mean that the writer’s spontaneous
and voluntary attention was unitformly sustained, which
is phvsiologically impossible.

The number, length and succession of these irregular
fluctuations would, therefore, seem to depend wupon the
hvgienic condition of the nervous system and of the body
in general at the time of the test as well as on the difficulty
of the work.!

The effect of these irregular variations in attention
and effort on learning and rate of work 1s evident. The
fluctuations are responsible for the erratic variations in
the learner’'s wntung score. A companson of the
number of strokes made from minute to minute in all
the tests showed a variation extending all the way from
a difference of a few strokes per minute to minutes,
which showed a gain of almost a third in rotal amount.?

' Some of the fluctuations in the learner’s efficiency had,
in all probability, quite a cliﬁlrmr cause—were 1n fact
nothing more than chance combinations of associations or
mental processes favorable to the writing, a happy neural
combination advancing npewrmng skill.  This 1s not only
in harmony with the fact that introspection could find no
cause for the fluctuations, but also with the manner of their
appearance and disappearance. Such an interpretation is
also favored by the fact that all adaptations in the learning
were made in the same sort of lucky chance way.

* This fluctuation in ethciency 1s not caused by objective
difficulties, irrtgulmirin in the copy, etc., as at hrst thought
might be supposed. The nhju.tm HH'IL'IHHI]‘-. were kept con-
stant and greater fluctuations occurred in the practice sen-
tence writing where the copy was uniform than anywhere
else, and 1n the letter association stage of the |:.;_J|L|| 1. M.
writing, where the copy gave the writer no difhculty what-
ever (see p. 33), the variations in efficiency were as great as
in any of the regular writing,
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And, like the variations in attention and effort, a uniform
score was often kept up for practically the entire test on
certain days while on other days there was great irregu-
larity in the minute scores (compare sample records,
Table IV). The degree of unsteadiness which occurred
was shown 1n a striking way by the mean variations for
the minute records of the several tests. These not only
showed the degree of vanation which occurred during
the course of each individual test, but enable us to
compare the irregularity for one day with the preceding
and following day, and also to determine the degree of
irregularity w hich occurred at different stages of prac-
tice. This was done, but the matter 1s too complex for
a general statement.

Of the relation of these smaller varnations in atten-
tion and effort to learning we shall have more to say
anon. The particular variations which occurred during
the course of any test not only influenced the learner’s
score for the day but tended regularly to accumulate,
and form the larger fluctuations 1in attention and effort
characteristic of the practice for a particular day. The
learner’s attitude or interest for a particular day was
largely determined by these irregular fluctuations in
attention and effort, while the interest or ennui thus
aroused influenced his attitude towards the work for
succeeding days.

(b) Regular Fluctuations within a Test.—It has long
been known! that the amount of work which an indi-

I Compare Ebbinghause, “Uber das Gedachtniss,” Leip-
zig, 1885, pp. 57-3. Kraepelin’s “Die Arbeits Curve,”
!’fri!ﬂrnﬁhfrr‘fw Studien, Vol. XIX, 1902, pp. 449-507,
Kraepelin’s Pﬂr!mfr;p;rfrr Arbeiten, Vol. 1, p. 636 f, and Vol.
II1, pp. s09-514, studies by Rivers and I\I'EE"pl?llﬂ and
Lindley, also Miiller and Schumann, Experimentelle Beitrage
zur Untersuchung des Gedachtnisses, Zeitschrift f. Psychologie
und Physiologie der Sennesorgane, Vol. VI, 1893, p. 320 L.
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vidual would accomplish, if called upon to do continu-
ous mental or physical work, varied in characteristic
ways depending upon the individua! workers and the
length of the period of work, The tvpical work curve
shows a marked increase in efficiency for the first and
last minutes of such periods of work, due, 1t 1s believed,
to an mitial and final spurt in effort, the Anfangs und
Schlussantrieb of Rivers and Kraepelin.  Our pulse and
efficiency curves enable us not only to verify the results
and conclusions of previous investigators on this point,
but reveal an additional fact which the writer believes
to be important and new. It has been generally
assumed that the work curve, though different for
individual learners, remains the same for any given
mdividual for all stages of learning, and all kinds of
work. (Compare Kraepelin's Arbeits Curve, Philoso-
phische Studien, Vol. XIX, pp. 459-507). Our results
clearly show that this is not the case. ~Our learners had
characteristic modes of procedure as the older studies
have shown, but they did not go about the work in the
same way at all stages of practice. In other words the
work curves for our learners were not alike for different
stages of their practice. For the periods of practice
which showed regular and rapid improvement they
revealed the usual characteristics. For the periods of
practice represented by the platcaus in our learning
curves the initial and final rise in the work curve was
lacking and there was less evidence of the warming up.
This will be made clearer by a comparative study of
our curves.

Figure 11 represents the pulse and efficiency curves
for the regular S. M. writing of X and Z; the upper
curves those for the total practice period of 7, 86 days;
the lower curves for the practice of X, 174 days. They
are drawn on the same scale and in each hgure the heavy
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iines are the efhiciency, the dotted lines the pulse curves.
he successive minutes of the tests are shown along
the horizontal axis from 1 to 10. The average pulse
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Fig. 11. Performance and pulse curves showing effect of
initial and final spurt in effort during the ten-minute tests,
in the regular sight method practice for X and Z. Upper

curves are for the total practice of Z, 86 days; the lower
curves for the total practice of X, 174 days. The curves for
the two learners are drawn on the same scale. The continu-
ous line represents the average efhiciency for each minute of
the tests, the broken line the average pulse rate for each

minute of all the tests.

-ate is indicated on the vertical axis to the night, the
amount of work done in strokes on the vertical axis

to the left.
A mere glance at the work curves (heavy line, Figure
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11) will show that there 1s a marked high stare (higher
than the rate for the second minute) and a final nise n
efficiency for the last minute of the tests. The curves
for the T. M. writing do not show the mitial rise in
efficiency (compare heavy line, Figure 6, and upper
curves, Figure 12, pp. 145, 173). There 1s a gradual rise
up to the fifth minute of the tests followed by a decided
dop the next two minutes and a final rise the last three
minutes of the tests. The increase in ethciency for the
first five minutes of the tests would seem to be due to
the relearning and warming up already described (pp.
140-149). There was no slump in effort after the fhrst
minute of these shorter T. M. tests because there was
no thought of a long period of practice ahead to reduce
the enthusiasm with which the learners started their
tests. They started in at their best rate, which they
kept up until overcome by fatigue towards the middle
of their tests. This caused a relaxation of attention
and effort, but as they neared the end of their tests,
which they could judge pretty accurately, they again
urged themselves on to greater endeavor, the hnal spurt
in effort accounting for the increased efhiciency for the
last one or two minutes of the tests.

In the S. M. learning on the other hand (Figure 11),
where the tests were thirty minutes long, the high degree
of effort with which the learners started their tests
could not be kept up. Their spurt of enthusiasm was
conquered by the unconscious thought of the long
pertod of work ahead. Not to take it more easily
would have meant to break down before the end of the
test. We may, therefore, conclude that the drop in
their curves for the second minute was caused by a
relaxation of attention or effort while the shght rise
after this was due to relearning and warming up, extra
effort being again put into the writing as the end of the
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first third of the test was approached, where time was
called. For a short period preceding this signal, less
power was held in reserve and more energy thrown
into the work.

That the mitial and final rise in our curves was due
to such a regular increase in voluntary attention or
effort,” we conclude from the data given by our pulse
curves and the learners’ and experimenter’s notes. The
spur to effort was called forth in a purely unconscious
and reflex way by the natural conditions of the experi-
ment, still the learners often said in their notes for the
bad days that even the calling of time did not seem to
arouse them to better work, while the effects of both
the initial and final spur to effort were observed by the
experimenter and described in his notes, as well as
suggested by the final rise in the pulse curves. Inevery
case the pulse curves show a corresponding rise the last
minute of the tests. That the pulse curves do not show
the effect of the initial spur to effort 1s probably due to
the fact that it takes a little time for the pulse to get up
a normal working momentum. In that case the shight
decrease 1n effort the second minute of the tests would
be more than counteracted.

But this verihication of certain results and conclusions
of other investigators 1s of minor importance when
compared with the fact that the form of our work
curves varied for different stages of practice. Figures
12, 13, 14 represent the work and pulse curves of our

1 The rise in efficiency the last minute of the tests has been
attributed by Miiller and Schumann (Expenimentelle Bei-
trage zur Untersuchung des Gedachtnesses, Zeitschrift fur
Psychologie und Physiologie der Sennesorgane, Vol. VI, 1893-
94, p. 322 f) to the relief which comes with the approach of
the end of the test. But this will not account for the final
rise in our curves because there was in reality no relief ahead
of the learners; their tests were only a third finished.
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learners for different stages of practice. The upper
curves 1n each hgure mark a period of practice showing
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FiG. 12. Performance and pulse curves for different penods
of the Touch Method practice of Y. The upper curves are
for a period of rapid and continuous improvement, g7 days.
The lower curves are for the 32 days of his practice
when no measurable improvement was made in his writing.
(Compare Y's learning curve, Figure 2.) Continuous lines
represent his work or ethciency curves, the broken lines

the pulse curves.

rapid improvement. The lower curves represent pla-
teaus in the learning curves or period of practice where
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no improvement was made. [“igure 12 represents the
T. M. practice of Y. The upper curves show the amount
of work done and the average pulse rate for each minute
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FiG. 13. Performance and pulse curves for the Sight Method
writing of Z, 86 days. The uTrH:r_cl.]n't's are for the period
of most rapid improvement, the hrst 70 days of practice.
The lower curves represent a period of slhight improvement
towards the end of his practice (compare learmng curves,
FFigure 2). The continuous lines represent his work or

efficiency curves; the broken lines, his pulse curves.

of the tests from the beginning of his practice to the
time where his plateau set in, a period of g7 days. The
lower curves give his pulse and work curves for the
period of his plateau, 32 days (compare his learning
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T

curve, [igure 2, p. 18). Figure 13 represents the S. M.
practice of Z. The upper curves represent the period
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Fic. 14. Performance and pulse curves for the Sight Method
practice of X. The upper curves are for the period of most
rapid improvement, the 47 days preceding his second plateau.
(Compare learning curves, Figure 2.) The lower curves rep-
resent the period of practice where his second plateau
occurred, 32 days. The continuous lines represent his work
or etheiency curves, the broken lines his average pulse rate
for each minute of the tests.

of most rapid rise in his learning curve, the first 70 days
of his practice (see learning curve, Figure 2). The lower
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curves represent the period of non-improvement towards
the end of his practice. Figure 14 represents the S. M.
practice of X—the upper curves the period of most
rapid improvement preceding his second plateau, 47
days (see learning curve, Figure 2); the lower curves
the period of practice for his second plateau, 32 days.

These curves clearly show that with the change in
attitude and slackened effort characteristic of the
periods of practice where no improvement was made
(the plateaus in the learning curves), there regularly
went, in the case of our learners, certain characteristic
changes in their manner of approaching the work.
Without exception the initial and final intensification
of effort in the first and last minutes of the test, so char-
acteristic of all periods of improvement, 1s lacking or
noticeably diminished for the periods of practice cor-
responding to a plateau in the learning curves, but
another way of saying, it would seem, that less effort
was put into the work at these stages (see p. 192). The
curves also show less evidence of warming up for the
plateau practices.

The significance for learning of this variation in vol-
untary attention or effort will be seen when 1t 1s remem-
bered that new adaptations or forward steps in learning
were only made when intense effort was rightly apphed
to the work. At the “critical stages’ where a natural
and marked decrease in spontaneous attention and
effort occurred, no improvement was made. The learner
was caught by the law of habit and was content to use
old methods of writing when he should have been forg-
ing ahead inventing new and better ones.  The impor-
tant fact is not that an initial and hnal spurt of effort
should generally occur but that it was lacking at the
“critical stages”” where the lapse in spontaneous atten-
tion and effort occurred. It seems but another way of
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saying that at the stages of practice where little or no
improvement was made less effort was put into the work.

d. Daily Fluctuations in Attention and Effort.—Vana-
tions in attention and effort of still more importance for
learning than those just described are the fluctuations
which occur from day to day.! In our typewriting
experiments there were many days when the learner’s
spontaneous attention seemed to work perfectly through-
out almost the whole test, and days when everything
about the writing had to be forced. Typical descrip-
tions of the good days are the following:

“Everything went easy today. Struck more letters with-
out secing them than ever before.  All movements were easy
and my co-ordinations good. All energy seemed to flow of
itself into the needed movements. 1 was ready for every
word as | came to it and could easily react to words and
phrases as a whole. It w as like play, 1t seemed so easy and
pleasant.” (X, April 7.) “Felt throughout the test that |
was doing well. 1 hrﬂku away from the old plan of holding
myself back, for | could go fast and stll get 1t nght. [
WIOte every ‘word as fast as my fhngers could move. The
places where 1 had trouble before I ran over today without
difhculty.”  (Z, April 2.) *The movements today were
unusually easy. It was not only easy to get the right letter,
the movements themselves seemed to be of the right inten-
sitv. Just the right amount of energy could be turned loose,
it scemed.  Every part of the work seemed to come of itself,

' These daily fluctuations in attention and effort should
not be confused with the diurnal changes in efficiency found
by Lombard, Kraepelin and Marsh (see especially Archives
of Phil., Psv. and Scientific Method, Columbia Contributions
to ]’}‘tlhlhnrrlh_\. and Psy rlmlngv July, 1906, pp. 42-92). Our
tests were made at the same time of day, hence the varnations
which occur are such as occur from day to day when doing
the same sort of work under the same objective conditions.
And 1t should not be forgotten that these variations were
found not in the work of children, but in that of conscientious
adults, accustomed to doing systematic work.
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which made me feel real good.” (Z, April 4.) “Did not
have to make myself try once. Could, by the spontaneous
effort that came of itself, write at a more rapid and uniform
rate. [ felt especially good. Thought several times of my
research and was pleased because I was getting along so well.”

(Z, May 6.)
The bad days were described 1n such phrases as these:

“Could not keep clearly in mind today what was next to
be done.” (X, Apnl 6.) **Had all sorts of trouble. Could
not keep my mind on the work. This fact, when I noticed
it, took charge of the focus of consciousness and I could not
get my attention back on the work. I tried to hurry, but
this only made matters worse. Got so impatient that several
times I lost my way on the keyboard. Towards the end of
the period was bothered by the thought that time was almost
up. I think that I never tried harder than I did today, but
this only made matters worse. My attention was off and
could not be whipped into line by any manner of means.
[ was tired to begin with and felt out of sorts.” (Z, June 8.)
Y generally described these off days by saying that he “did
not seem to be able to keep the necessary things in mind
as well.”

Great variations also occurred in the amount of vol-
untary energy or effort put into the work on different
days. In the learners’ notes we find such expressions
as these: “Seemed to put more energy into all parts
of the work today.” (Z, May 13). “Wrote only with an
average enthusiasm today; seemed to have half in mind
all the time that I was going to get started better soon,
make a spurt, but time was called before this happened.”
(Y, June 15). “Noticed several times today that [ was
not pushing myself as much as I could.” (X, June 7),
ete. In the experimenter’s notes we hnd such phrases
as these: ““Seems very much alive teday. Shows every
sien of being in a hurry; opens his eyes wider when
reading the copy; turns more rapidly to the keyboard
after a section of copy has been learned, and in many
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other ways shows signs of effort not noticed for several
davs.” On the lazy days we find such expressions as
these: “Seems less alert than vesterday; no evidence
of effort; was more alert for a minute, but 1t did not
last; did not seem to care when a tangle on the key-
board came; is inclined to settle down to a slow and
regular rate of writing; has every appearance of apply-
ing himself less vigorously to the work,” etc.

This daily fluctuation in voluntary effort 1s shown
in vet another way. The average daily rise in normal
pulse varied for X, from 1.95 beats on the day showing
the least average rise, to 15.9 on the day showing the
createst average rise.' For Y the range was from 1.3
to 12.8 for his regular writing and from 3.2 to 14.6 for
his pructicc sentence tests. |he variation for Z was
from 1.55 to 12.0 for his regular tests, and 4.5 to 16. 35
for hls plactlce sentence tests. |hese variations in
working pulse, though as great as that of the daily
scores, cannot, of course, be taken as an exact measure
of the fluctuations in effort from day to day, for many
other things besides the amount of energy expended
influences the pulse; but taken with the observations
of the learners and the signs of such a varnation n
effort recorded by the experimenter, the variations in
working pulse confirm the learners’ and experimenter’s
reports that such daily fluctuations in voluntary effort
occurred.

A third fact revealed by our data was that, when the
fluctuations n attention and effort above described
were noticed by the learner, they were almost invariably
followed by lapses in the efficiency of the effort put
forth. The kinds and number of mistakes which the
learners made proved to be an unmistakable ndex of

! For method of getting the normal pulse see p. 6.
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their voluntary efficiency. As soon as there was a
lapse 1n spontaneous or voluntary attention there was a
marked increase in the first group of errors described
on page 162. As soon as there was a lapse in the
efhciency of the effort actually put forth (i. e., trying
harder but more carelessly), there was a marked increase
in the second group of mistakes we described. The
kind and number of errors made on any day and for
any period of practice, therefore, revealed the degree of
eficiency of the effort put into the work and showed
that such fluctuations in voluntary efhiciency occurred.

To understand or explain these daily fluctuations in
attention and effort we must take into account all the
facts. It was determined:

1. That with a lapse in spontaneous attention there
regularly went a dearth of incentives to ethcient effort;
that 1s to say, with a bad day there usually went failure
in voluntary attention and effort as well as 1in sponta-
neous efhciency. The learner had to invent and rely
on all sorts of devices to push himself along and by
artificial means make up for incentives to work sponta-
neously present on the good days. Instead of aiding
the learner the whole organism, on the bad days, seemed
to be putting on the brakes; and finally, if the learner
bv a spurt in voluntary attention kept his effort at a
maximum, it was apt to be wrongly applied, and so
count neither for learning nor for increasing his score.

2. With these fluctuations in efhiciency there always
went certain changes in the learner’s general affective
tone, a change in attitude or mood, which, in turn,
reacted upon his power of turning out work.

3. There were often reported, on the bad days,
notable changes in the learner’s physical and hygienic
conditions, changes which had a retarding effect on all
the psycho-physical processes involved i the writing.
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We often find such expressions as these in the notes for
corresponding days: “[)id not feel so wide awake as
‘\L‘sttldd\ at any time.”” ““Was very tired and out of
humor.” “Was tired and not thoroughly alive to
seeing the letters.” Typical quotations for the good
days are: ‘““Had just taken a refreshing nap. I am
coming to believe more and more that my general
mental and physical condition 1s reepmwih]e for these
daily fluctuations in ethciency.” “Believe my physical
condition was better today than for sev eral days. Did
not feel nervous or worried at any time, ! etc.

4. Not alone the amount of work, but 1ts character
also was affected by these fluctuations, and in certain
definite ways. On a good day the writing was done on
the highest plane so far attained. The latest associa-
tions and the newest and most advantageous short
cuts in method could be used. Special dithculties could
be more easily solved and distractions promptly dis-
missed. All co-ordinations were easy and the move-
ments of the right intensity. The span of attention
was greatly increased, the motor-tactual “‘feel” dis-
tinct, and visual attention especially keen, the eyes and
attention were always where they ought to be, etc.
On a bad day when the fluctuations were conspicuously
present all this was reversed. Nothing went as it
should—at least not for more than an instant at a time,
and the learner had regularly to resort to more primi-
tive ways of writing.  Even in the later stages of prac-

' But the subjects were found uncertain judges of their
exact ctheiency. They either were careless about the analysis
of their condition or else the feelings are not to be depended
upon as a measure of ethciency.  Feeling that he could make
a good score, or determining to break all previous records,
by no means meant that the learner would do so. In fact,
there were a few marked cases where loss of sleep, headache,
etc., seemed actually to stimulate the learners.
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tice the learners eften complained, on the bad days, that
letter associations were about all they could use.

5. The last and most important fact to be consid-
ered i explaining these lapses in efficiency is that
they were so completely beyond the learner’s control.
Something seemed to have taken away all his sponta-
neous incentives for work and his power to direct his
energies. He might put forth more energy, but if he
did, 1t could not be directed to the needful things. As
one of the subjects expressed it: “Putting and keeping
the attention on the work 1s like going to sleep. When
vou try to do it, you can’t. You must fall into it
spontaneously.” Or again, ““there are periods and days
when [ cannot try, or apply myself to advantage, as
well as I can at other times. Todav could place no
attention on the work. My energy vainly went into
the trying. Soon the writing began to go better and a
sort of spontaneous attention for the work developed.
I could then put my whole energy into the work, and
rightly attend to all the details. I only watched the
succession of movements and made such movements
or groups of movements as quickly as possible. At
times this spontaneous attention relaxed and I did very
poorly. By no manner of means could I then write so
well. The good days seem wholly independent of how
hard I try.”

These facts and observations taken together point
as before to one fundamental explanation, namely:
The daily fluctuations in efhiciency mean variations n
the general mental and bodily condition of the learner
and are indicative, especially, of his neural tone.  With
or against this the various physical influences operate.
The analysis of these physiological and hygienic condi-
tions would lead us too far afield, but general fatigue
(due to other causes than the labor of the experiments),
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and the amount and character of the food and sleep
taken, the condition of the weather, atmospheric pres-
sure, temperature, etc., would of course be found
operative.!

But the neural condition of the learners 1s not entirely
responsible for these daily fluctuations in attention and
effort. The law of habit is operative here. Relaxed
attention, or the effects of a lapse in effort and enthusi-
asm, or the effects of a “rattled” or nervous state of
mind characteristic of a decrease 1n voluntary efhiciency,
as well as the mental states which characterize success-
ful work, tend naturally and regularly to accumulate
from minute to minute and day to day, as do the sensa-
tions or feelings to which the work gives rise (see p. 206,
below). It was found that the kind of interest or effort
put into the work on any particular day vitally influ-
enced the learner’s interest or attitude towards the work
on succeeding days. The particular weariness or gen-
eral mertness conspicuously present at the beginning

Tt is interesting to note in this connection the variations
in normal pulse for successive months. Though taken at
the same time each day, and with the utmost precautions
(see p. 6), the pulse was found to vary greatly as the season
advanced. Table V below shows the average normal pulse
for the different learners by months.

TABLE V
Marked Rise in Pulse Rate for all Learners as the Season Advanced from
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of practice on certain days and dominant during other
tests was often the result of habit. A severe fit of
laziness on any particular day steals away part of the
enthusiasm for succeeding days. Nothing was found
so good for progress on a particular day (provided, of
course, the general hygienic condition of the learners
had not materially changed) as success on previous
days, while a bad day always choked the learner’s
enthusiasm and dulled his interest for succeeding days.
One or two nervous or lazy days, brought on by any
cause whatsoever, tended to bring on lapses in effort
and attention, which might continue several days,
developing into the longer irregular lapses in attention
and interest present at the “breathing places” in the
learning curves. ‘The effects of these longer lapses, in
turn, accumulat{, and prove more and more serious as
a “critical stage™ in the learning 1s approached.

These daily variations in attention and effort are
related to learning in yet another way. As we have
said, they are synonymous with fluctuations in efh-
ciency. On the bad days less work can be done, more
mistakes are made, unpleasant feelings accumulate, a
distaste for the work 1s developed, and the writing
must be done 1n a more primitive way. The best thing
the learner can do when these lapses in efheciency occur
is to drop down to a plane of work low enough to enable
him to work successfully. Then the habits already
formed will be rightly exercised and strengthened and
no education in error will result. The strong tendency
to rush ahead at the bad periods, and on the off days
to try to make up for the lowered ethciency, must be
held in check.! There were many clear cases where the

I Even amateur writers seemed to have learned this lesson,
and it 1s second nature with the expert; but for the learner
it is a real problem and of vital importance. The progress
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score for a particular day was raised by such a rash
application of effort, but it does not pay. The wrong
tendencies and habits thus formed will sooner or later
have their revenge.

An important question for learning 1s, of course, how
far the daily fluctuations in spontaneous attention and
effort can be influenced or controlled by the incentives
to voluntary effort over which the learner and teacher
have control. While the indications are that some-
thing may be done in this way to regulate and control
them (mmpare p. 202, note), the surest remedy seems
to be improvement 1in the learner’s general neural tone,
induced by sleep, rest, exercise, food, change in attitude,
mood or what not. The present study has forced upon
the writer the conviction that no practice or study is
entirely economic unless the learner 1s in perfect mental
and physical condition. Work or study while the
learner 1s fatigued is not only worthless so far as prog-
ress in learning goes, but is apt to be a positive hindrance.

e. Fluctuations in Attention and Effort at Different
Stages of Practice.—More important again than the
daily fluctuations in attention and effort were the varia-
tions which occurred at different stages of practice. Of
these there were two kinds. (1) A lapse in spontaneous
attention and voluntary effort occurring at irregular
periods throughout the practice and lasting in our
experiments from three to eight days, short periods of
relaxation which might or might not be immediately
followed by a lapse in the efthciency of the effort put
forth. (2) A regular and much longer lapse in sponta-
neous attention and voluntary effort occurring at deh-
nite levels of advancement and regularly tf.ndmg,, as

he makes in developing the habits which are to constitute

his skill will depend largely upon the attitude he assumes
toward these fluctuations in ctheiency,
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soon as noticed by the learner, to be followed by a
period of nervousness or lapse in the efiiciency of vol-
untary effort.

(a) The Irregular Lapses.—The fact that there was
a regular decrease in pulse rate at certain irregular
periods of the practice (the “breathing places” in the
learning curves, where no measurable improvement was
made) strongly suggests that the learners did not, at
such times, exert themselves as much as normally. This
1s clearly indicated in Table VI, which gives the average
rise in pulse, above the normal, for all the short periods
of non-improvement, placed opposite the average rise
in normal pulse for the periods of improvement which
immediately precede these periods of arrest. With

TABLE VI
Data Showing That the Peniods of Rapid Rise in the Learning Curves are
Accompanied by a High Working Pulse Rate While the Periods of Practice
Which Showed Little or No Improvement in Score Occur Where the Pulse
Rate 1s Relatvely Low
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a single exception' there is a lower average rise in pulse
for the “breathing places™ in the curves than for the
periods of practice where the learning curves show a
rise (compare the learning curves, Figure 2, p. 18).

That this decline in pulse rate is indicative of a lapse
in attention and effort was shown by the notes of the
experimenter and learners. By comparing the notes
of the experimenter for the days corresponding to the
“breathing places™ in the curves, striking sentences
similar to those already quoted, to illustrate the lapses
in attention and effort on particular days, regularly
occurred. When 1t 1s remembered that neither the
learners nor the experimenter knew the score that was
being made, that the experimenter’s notes were written
during the test, these descriptions of the outward signs
of relaxation become strong confirmatory evidence of
the lapses in attention and effort suggested by the drop
in pulse rate.

The learners were not directly aware of these irregu-
lar lapses in attention and effort. The ennui stole
upon them more or less unawares. Only after a certain
accumulation had taken place did they become aware
of their decreased endeavor. However, if we take the
notes for the days corresponding to these irregular
periods of arrest, we get additional proof for the lapses
in attention and effort under consideration.  The learn-
ers, 1n describing the difficulties met and telling how

e e o

! The one exception was the “breathing place” which
occurred in the last part of Z’s S. M. curve fulnm C, Figure ...}
when he was on the verge of hn second “critical stage.’
His notes for this period show that for the first two days of
the period there was the usual lapse in attention and effort,
which was, however, in this case, followed by stronger effort
recklessly applied. This raised his pulse to 7.14, but there

was no progress in learning because his effort was wrongly
apphe
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the work was done, unconsciously described the lapses
in attention and effort shown by the drop in the pulse
curve. Full notes for all the “breathing places” might
be given in illustration. A few typical sentences from
the notes for the third (compare p. 18, Figure 2, curve
A, pulse 4.62) and last (Ib. pulse 4.60) “breathing
places” in the T. M. practice of Y must sufhice.

Notes for the third “breathing place” (April 26-
May 1) 1n Y’s curve:

On the 27th he wrote: “Much bothered by capitals today.
This was very pmmkmg and probably affected the rate.
The “good feeling’ about rapid and easy writing so prominent
some days ago not present, although there were no instances
of getting lost on the kevboard causing confusion. My effort
was less than for the last few davs, as [ remember.” (28th):
“Seem to have just enough diffhiculty all the time to con-
stantly prevent any great speed. Did not get extra motives
for m:ixlmum cﬂmt at any ume during the test.” (3oth):
“My interest in the copy, from some cause, seems to inter-
fere with my writing. Had my attention too much on the
sense of what | was reading and off the keyboard. Noticed
the tendency to write fast and carelessly instead of slow and
carefully, caused, I think, by the fear that I was going slow
on account of the distraction of the copy.” The day before
and the day following this ““breathing place™ Y reported
having tried harder.

Notes for the last “breathing place” (June g-15) In
Y’s curve:

(June g9): “Did not get started at once and noticed many
errors that I did not seem to be able to avoid. True, even
after I did get up : a better apwd Often noticed the tendency
for the fingers to ‘run away’ with themselves and make all
sorts of errors. 1 tried to check this, but did not seem to
be able to keep my attention on this suthciently to avoid 1t
altogether.  Did not feel so wide awake as yesterday at any
time during the test, or afterwards. General effort, probably
a little below average. Did not seem to be able to keep
the different things in mind so well as heretofore.” (10):
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“Distracted at first and also again towards the last by people
in the hall and laboratory. Effort is very irregular. Writing
in general characterized by absence of recognition of correct-
ness or wrongness. Vaguely thought I was making a number

of errors which I only half noticed. Also aware of my in-
ability to keep my hngers in proper place. They went by
themselves and too fast to avoid error.” (11): “Tried to
keep the fingers back at first, then noticed a strong tendency
following to go fast in the general direction of the correct
kev but too fast to avoid errors. [ did not write apparently
with an average vim and energy.” (12): *“Many distractions.
Kept thinking of a number of outside things, which inter-
fered considerably with both correctness and speed.” (13):
“Effort below average. Did not seem to get nerved up to
the task at any time. Considerably distracted fmm think-
ing more or less constantly of outside things.” (14): “A
distraction was more or less present throughout. Don’t
think I wrote with an average enthusiasm.”” (13, start of
nse): “Wnting characterized by a greater than usual ease.
The fingers seemed to go to their places more readily, the
recognition of errors was more immediate and no loss of
orientation occurred. The whole keyboard seemed to remain
‘clear.” There was very little recogmition of individual strokes
that were correct, nor did the writing seem to proceed much
by groups. It ran on in a continuous fashion until some
particular difhculty demanded special attention.”

Of the many causes which operate singly or together
to produce these irregular lapses in attention and effort,
habit 1s one of the most important.  As we have seen,
each day’s work has an influence on succeeding days.
If for any reason the incentives to spontaneous or vol-
untary effort for a particular day have been low it will
make 1t easier to work more lazily the next day. A
number of influences acting to decrease the learner’s
enthusiasm will soon produce a marked lapse in atten-
tion and effort, the effects of which regularly accumulate
until broken up by fresh incentives to effort. These
lapses were almost entirely (almost, not quite, compare
p. 210, below) responsible for the “breathing places,”
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or short periods of arrest in our learning curves. They
may occur at any stage of the practice and are nor-
mally broken up, after six or eight days, by some special
incentives to effort which serve to shake the learner out
of hlS lazy sleep. Onl} when they appear on the eve
of a “critical stage” do they prove serious for progress
as a whole. At such a time they may greatly aggravate
the longer lapses which occur at these stages. Coming
in conjunction with these more serious lapses in interest
and effort they may tend to hx more strongly on the
learner the habit of inattention to the work which the
learning at the “critical stages” naturally brings on.

(b) Regular Fluctuations in Attention and Effort at
the “Critical Stages” in the Learning.—It was deter-
mined that at certain definite levels of advancement
in the learning there regularly occurred, or strongly
tended to occur, a marked relaxation in attention and
effort, a spontaneous turning away of attention from
the details of the work, a lapse in spontanecous attention,
which was regularly followed by a relaxation in volun-
tary attention or effort and a little later, when the con-
sequent lack of progress was noticed by the learner, by
greater effort wrongly applied to the work, effort which,
therefore, made for retrogression rather than progress
in learning.

These longer and more serious lapses in attention and
effort were revealed as usual by the pulse records taken
while the subjects worked, by the learners’ daily notes,
and by the number and kinds of errors made at the
different stages of practice. For long periods of prac-
tice (the “plateaus” in our learning curves), the pulse
curve showed, i every case, a marked dechne, the
percentage of errors increased, while the introspections
of the learners showed that attention strongly tended
to drift more and more to the capricious and irrelevant
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associations, which at these stages more naturally and
persistently tended to intrude themselves upon the
learners.

The evidence for these longer lapses in attention and
effort furnished by our pulse records 1s shown in Figures
2 (page 18), and 15. The curves in Figure 15 represent
in a diagrammatic way the progress made by our learners
in both methods of learning. They are all drawn on the
same scale. The time or number of practices 1s shown
on the horizontal axis; the skill or rate of writing, in
strokes, upon the vertical axis. The horizontal parts
of the curves show (when measured by the vertical axis)
the average number of strokes made each day during
the period of practice indicated by the length of the
sections in the honzontal direction. The vertical lines
in the curves are mere connecting links showing by
their length the gain for the period. The fgures set
above the horizontal sections of each curve show the
average rise in pulse, above the normal;! the figures
below the horizontal bars, the per cent of errors for the
period of practice indicated by the length of the hori-
zontal lines.

As may readily be seen by a comparison of the figures
and curves, there 15 1n every case a higher average nise
in pulse, above the normal, for the periods of practice
represented by the rises (slow and rapid) in the learning
curves than for the plateaus.

That this regular drop in pulse rate meant a lapse in

T R S R — — == T

! No pulse figures appear on the first part of X’s S. M.
curve because no pulse records were taken in the first pare
of his practice (see p. 11). The dotted lines through X's
curve mark the average number of strokes made each day
for the entire period.  The lines under Y's T. M. curve with
their corresponding hgures show the average rise i pulse for
the period of practice indicated by rthe length of these lines.
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attention and effort i1s shown by the number and kinds
of errors made at these stages, and by the learner’s
daily observation notes. The hgures, placed below the
horizontal sections of the curves in Figure 15, represent
the percentage of errors for the period and show that
there 1s a gradual decline in the percentage of errors for
all periods of rapid improvement, n accordance with
the development of the general habit of dealing care-
fully with all dithculties as they appear (sce pp. go- 94).
But as a “critical '-:t.t!-_,L "in the lear ning 1s approached,
there 1s a marked rise in the percentage of errors. In
every case proportionately more mistakes were made
for the periods of practice represented by the plateaus
than for the periods of rapid improvement. Moreover,
the kind of errors made showed the kind of variations
in attention and effort which occurred. Whether there
was merely a lapse in spontaneous attention and effort,
or also a lapse in the efficiency of the effort put forth,
or both, was clearly shown by the kinds and number of
errors made.

The daily observations of the learners were more
instructive still. They give the best bit of psychological
evidence we have for the fluctuations in attention and
effort under consideration. Not that the learners were
directly aware of the relaxation in attention and effort.
They only knew that at certain stages of the practice
attention tended strongly to drift away from the work,
that 1t was taken up more with outside interests, that
they were less interested in the work at certain stages
than at other stages, less enthusiastic and the Like.  All
this was minutely described by them; but that it meant
that they were putting less energy into the work, as our
pulse curves show, that 1t meant a relaxation of atten-
tion and effort, they did not know. If they thought of
it at all or commented upon 1t in their notes, as they
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sometimes did, they merely said that because the work
was now getting so much easier attention did not need
to be focused so closely on the work as formerly. The
natural spontaneous incentives to effort dropped out
too gradually to be noticed by the learner, who worked
along lazily and carelessly, quite unmindful of the fact
that a relaxation in attention and effort had occurred.
Like the lapses at the “breathing places,” these larger
variations in attention and effort were unconsciously
described by the learners.

(Quotations from the notes might be multiplied almost
indefinitely, not only 1n illustration of the fact that such
fluctuations as we are considering occurred, but as show-
in the mmnumerable ways in which the learning con-
sciousness was modified by them. The notes purport-
ing to give an analysis of the learning consciousness for
these stages revealed two significant facts. (1) That
the learner’s attention more naturally and strongly
tended to shight or neglect the details of the work at the
stages where these larger fluctuations in attention and
effort occurred, 1. e., the specihc associations developing
at the time seemed to lose some of their drawing power
for attention. (2) Attention tended naturally and
strongly to drift away from the work as a whole. A
few typical quotations from the notes will make both
points clear.

In describing how the writing was done at the begin-
ning of the word association stage, X wrote:

“I have now reached the stage where the letters do not
have to be so diligently sought out and hxated upon by the
eyes and attention as formerly, and I hnd that my attention
wants to go somewhere else. There is a strong tendency to
slur over the letters, and not locate them, even when they
are not known. I occasionaily catch myself striking letters
which have never been definitely located or even indirectly
seen. It takes special care to keep my eyes on the letters
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long enough. T seem to be getting lazy on this point. Be-
cause I do not now need to see the letters so sharply as for-
merly, the little attention still required to locate them 1s ape
to be neglected. This tendency I think, is growing.”

OUn another day he wrote: “1 am gecting decidedly careless
about attending to the individual steps in the work. 1 slur
over them in a sort of haphazard, careless way. 1 am less
intent in focusing upon the steps of the work, either because,
with the short circuiting, many are dropping out, or I am
getting lazy on this point and letting my attention go else-
where. I now make many mistakes because 1 leave too
much to the automatic sense. 1 am getting careless with
my conscious direction. When I strike the right balance on
this point and can keep my whole attention on the business
of directing my hands and fingers, I get along best.” Z
described this same fact in his S. M. notes. “My fingers,”
he said, “cannot yet surely find any of the keys except in
the small casy words. Not even the last letters of the word
are made by attending to their motor-tactual feel, but the
tendency 1Is strong to use visual location less and less. to
neglect it far too soon. 1 know about where to strike with-
out visually locating the keys, so do not feel the need of
putting forth enough effort to carcfully locate them. As a
result, many mistakes are made. It now takes special effort
to make me use enough visual direction to properly guide
my hands.”

Typical quotations from the notes in illustration of
our second point—that attention naturally and strongly
tends to drift away from the work as a whole at certain
definice stages of advancement—are the following:

“It has become quite a habit with me now.” wrote X in
his daily notes, May 4, “to attend to other things while [
write. I ind myself continually now not giving such close
attention to the work as formerly. [ have no trouble in
getting my mind back on the work when I notice that it is
off, but 1t naturally tends to leave the work., 1 have to
battle with distractions now almost every dav, not to do
the work (I can now write very well and still think of other
things), but if I let my atrention go as it would, 1 cannot
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write so rapidly or well. Today I kept thinking of a2 number
of outside things all the period. As I write along, the most
unheard of associations come up, associations that cover the
entire range of my experience. In most cases no connection
can be traced between anything in the writing and the
thoughts that come up. Much of the time today I was car-
rying on a distinct side line of thought as I wrote. Distrac-
tions seem to be coming in for more than their share of
attention of late.”

Other typical notes for the period of practice representing
the second plateau (April 19 to June 2) selected somewhat
at random, are the following: (April 27) “Find that I can’t
make myself pay attention to the letters and particular steps
of the work as I should. I am going at it more blindly it
seems.” (May 2): “Am now often bothered by distractions.
Today kept thinking all the while about the meaning of the
article I was writing. I experienced great difhculty in keep-
ing my attention focused on the writing.” (May 30): ““I spend
much of the time now with extraneous things. Today I
kept thinking that I had moved the tambours and wonder-
ing whether 1 was getting a record, etc. It takes constant
watching for me to hold attention on the work.” (June 4):
““Caught myself three or four times today playing along and
not half doing my best. When I noticed this [ *spurted up’
but could not keep up the pace. I continually dropped
down to an easy gait of writing and let my attention wander
to outside interests.”

Typical sentences from Z’s notes when he was contending
with the second “critical stage” encountered in his learning,
are the following: “I now often catch myself artending to
other things while I write.” (May 19): “I now often find
myself not attending to the work as closely as formerly; why,
I do not know. I have no trouble to get my mind back on
the work when I notice this, but it continually keeps getting
off.” (May 20): “I have to battle with distractions now
every day.” (May 24): “Caught myself going very slow
today and noticed that I was half unconsciously looking up
a place on a map where I had applied for a position. I am
much vexed to see how often part of my attention is thus
busied with other things when I am supposed to keep it all

on the work.”
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The cause of these longer and more serious lapses n
spontaneous attention (or interest) and in voluntary
attention (or effort), 1s now evident. The plateaus in
our learning curves where these fluctuations occur
appeared or tended regularly to appear at certain deh-
nite levels of advancement, as we have seen (compare
description of Learning Curves, p. 22). Our analysis
of the learning consciousness has revealed the fact that
these are the stages where certain special associations
or groups of special associations are being finally fixed.
It has also shown that all special associations are per-
fected very slowly and that as they approach perfection,
1. e., are becoming automatic, they become harder and
harder to hold in attention. In other words, attention
naturally tends to slight the details of the work where a
special association (lu:ter or word) or group of such
special associations is becoming automatic, and the
work as a whole when the chances for improvement
become slight or impossible.  The more serious lapses
in attention and effort at the “critical stages™ 1n the
learning where special habits or groups of special habits
are being finally perfected are, therefore, brought on
quite naturally by the nature of the learning or way in
which the special habits are formed and fixed.

In the early stages of learning, where many elemen-
tary associations were 1n their hrst stages of develop-
ment and where, consequently, many short cuts in
method were possible and easy to make, no lapses in
attention and effort occurred. The associations were
in their first stages of development where improvement
was rapid and easy. This kept attention closely
focused on the details of the work. Moreover, rapid
improvement was being made in many departments of
the work which made progress in learning rapid. This
marked success kept attention focused on the work as a
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whole. Tt was thus regularly pushed ahead to a higher
and more economical way of directing the work as fast as
legitimately freed from the oversight of details. The
strong incentives required for keeping attention focused
on the work and forging ahead were furnished by the
rapid progress and success. The pleasant feelings
attending the success serve as a sort of magnet for
spontaneous attention or interest. Furthermore, as
long as progress 1s rapid, spontaneous attention 1s easily
supported by eficient voluntary effort.

With the continuation of practice and gain in skill, all
this 1s changed. The elementary habits get furthr.:
along in the course of their development; and, as atten-
tion naturally tends to drift away from every association
or detail of the work as it becomes automatic, these
associations soon lose their natural drawing power for it.
Furthermore, the interest and effort given by successes
in other departments of the work likewise grow less,
because fewer adaptations remain to be made in these
departments of the work, and because those still to be
made become harder and harder to make as skill
increases. | he tendency to relaxation caused by the
final perfection of an elementary association (letter asso-
ciation) 1s, therefore, more easily overcome than the
tendency to relaxation occasioned by the final perfec-
tion of a special habit of a higher order (word associa-
tion). In the former case the difhculties occasioned
are caused by a lapse in attention due to the perfection
of a single association and come at a time when the
incentives to spontaneous attention and effort are con-
stantly rejuvenated by the rapid improvement made
in the early stages of the learning.  Later, when higher-
order habits are being perfected, there are fewer incen-
tives to attention and effort due to general improvement
or success; the process of fixing these habits 1s itself, in all
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probability, slower and more difficult, and each special
(word) association receives individually a less frequent
repetition—all of which make the tendency to relaxa-
tion stronger than ever. In other words, the “critcal
stages,” or natural lapses mn attention and effort,
become more and more serious as an expert skill 1s
approached. At the second or third “critical stages,”
if so many occur, stronger artificial stimuli are required
to keep attention focused on the proper details and on
the work as a whole.

This fact, then, that attention tends naturally to
drift away from every activity or special association as
it becomes automatic, and drifts away from the work
as a whole as progress becomes slow, 1s responsible for
these longer lapses in spontaneous attention and effort.
This natural tendency 1s much augmented by the fact,
several times mentioned, that the special associations
are finally fixed so slowly and gradually, and that
the slight attention which i1s so hard to give is ab-
solutely necessary for their proper perfection, The
learner must keep bringing his atrention back to the
work as it drifts away. This takes up much of his
energy. When this was not required, all energy went
into the work. Voluntary attention can, therefore,
never fully take the place of natural or spontaneous
attention. The learner at the “critical stages” has
need for incentives that make their appeal to sponta-
neous attention or natural interest,

The relation of these longer lapses in attention and
effort to learning now becomes clear.  No real progress
in learning 1s made when these lapses in attention occur,
because, as we have seen (pp. 125-129) new adaptations
or forward steps in learning are made only when strenu-
ous effort 1s properly applied to the details of the work.
Throughout this study we have used the term “eritical
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stage’’ to designate the periods of practice or stages in
learning where these lapses in attention and effort
occurred. When 1t 1s recalled that the lapses came at
those stages of advancement where certain special habits
or groups of such habits were being finally fixed, and
that the learner’s attention, at such times, tended
naturally and strongly to slight the details of the work,
even to drift away from the work as a whole, and when
it 1s remembered that the special associations thus
slighted must be carefully perfected to attain the higher
skill, and that they require some attention for a very long
time to be properly fixed, our reasons for the use of
the term will become apparent. These stages in the
learning will be seen to be more critical still when it 1s
recalled that the learners, when the slow progress due
to the relaxation of attention and effort was noticed,
regularly tended to try to go too fast, pushing atten-
tion on to a higher mode of direction before the details
could be taken care of automatically. At these
“critical stages’ one of three things will occur:

i. The learner may be caught unawares by the lapse
in attention and effort and continue to work as care-
fully as usual, but more and more lazily unul a habit
of working lazily 1s fastened upon him. In this case
there will be further perfection of the habits involved
in the writing at that stage, provided mistakes are
avoided. But the learner fails to push himself on to a
higher plane of writing and continues to work lazily
until his interest in the work has been permanently
dulled by the almost imperceptible improvement.

2. There 1s more apt to go with the lapse in sponta-
neous attention and effort a growing carelessness and
indifference towards the work, which, when later the
lack of improvement brings a spur to energy, leads to a
reckless application of attention and effort and to prac-
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tice in error with a consequent “breakdown™ in the
learning. The learner rashly tries to make up for the
lapse in spontaneous attention by greater effort, but
neglects to give careful attention to the details, which
only prolongs his plateau.

3. The learner may successfully deal with the special
difficulties which the case presents, conquer every ten-
dency to lag by the application of vigorous and well
directed voluntary effort, and so carefully control his
attention that the “critical stage™ will be passed with-
out a break in the continuity of his progress.

All these possibilities were realized in our experi-
ments, as we shall see when we take up the explanation
of the individual curves, but 1t should be pointed out
here that the “cntical stages™ present dithculties which
the learner, who does not know the real cause of his
difhiculties, nor the best way to overcome them, has
great trouble to meet successfully. He may meet them
successfully and do much to make up for the dearth in
incentives to effort.  But left to himself he rarely solves
the problems presented in the best way. He has much
trouble to make amends for the failure in spontaneous
attention (or interest), because there naturally goes
with 1t a simultaneous failure mn voluntary attention
(or effort) as hard to control as the tendency of sponta-
neous attention to desert the work as a whole. This
disarms the learner of the only means at his command
for remedving the defect. The learner 1s quite unable
to change the natural condition induced, by a sheer act
of will. He may try as hard as he likes, his energy
mainly goes into the trving instead of into the writing.
The most effective stimuli, those born of progress and
success, are lacking. In fact the evil effects of the
relaxation of attention and effort and growing indiffer-
ence may be much aggravated and the seriousness of
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the “critical stage” much increased by the blunders
which the learners, if left to themselves, are apt to make.
The learner, at the “critical stages,” has special need of
the guidance and help of a skilled teacher, one who
knows the nature of the difficulties encountered, how
they can be most successfully met, and who, therefore,
can give the needed direction and incentives to effort.
The learner not only needs wise direction, but must be
provided with such incentives to effort, emotional helps,
interest in the higher phases of the work, etc., as will
atone for the lapse 1n spontaneous attention and effort
naturally brought on by the gradual perfection of the
special habits involved in the learning.!

](Ertam artificial incentives which proved helpful in our
experiments for keeping the learners up to maximum effort,
may be illustrated by the following generally typical exam-

ples from the notes of Y:

“The fact,” wrote Y, April 25, “that I am more or less
conscious of my rate, Imlp'-: me keep in mind constantly the
demand for maximum effort.” “The fact that I have the
task each day of stating how much effort was put into the
writing, I feel sure, makes me keep in mind more constantly
the need of doing my best. [ am sure this made me try
harder today.” (Y, April 30): “The i1dea of wanting to fill
the page was present again today and urged me to greater
endeavor, but not so prominent as uatf.,rda} ? (Y, May 28.)
Two days later he was given a much longer sheet and wrote:
“The idea of seeing how much of this long sheet 1 could hll
occurred several times during the test and urged me to greater
endeavor.” “The 1dea of fll:ng the page occurred several
times again today and noticeably affected my effort and
emotional attitude. It was fun to write tod: ay, apparently
not because | was going fast, but because 1 was going to
fill the page.” (Y, June 1.) * Idea of time being nmrhr
L.|1 came in twice today and naturally increased my effort.”

, June ?} On June 20, after thunl}mg_, certain methods
|Lunrh adopted to make tlu writing go better, 1.e., to avoid
certain mistakes, Y wrote: “Thinking of these tlunhw seemed
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(3) Changes in Feelings, Attitude and Mood Correlated
With These Variations in Attention and Effort

a. Correlation Described.—It was observed by the
learners that marked fluctuations in feeling and attitude
occurred from moment to moment of every test, from
dav to dayv, and at different stages of practice as did the
variations in attention and effort just described. A
high degree of spontancous attention was alieays marked
by a pleasurable fecling tone; a failure in 1t by feelings
of displeasure or disgust. The exercise of voluntary
attention, also, when successful, developed a similar
favorable attitude; and was alwayvs accompanied or
followed by feelings of pleasure; 1f wrongly directed
and unsuccessful, it aggravated the already unfavorable
mood and was followed by feelings of displeasure.!

In fact the correlation between the learners’ general
affective tone or attitude and the fluctuations in atten-
tion and effort described above, was so close that if one
had a complete and accurate record of the changes that
occurred in the former, he would have an accurate cri-
terion of his progress and efhciency. The learner’s
mental attitude and general tone of feeling was a true
index of his progress and ability to do.

b. Role Played by the Feelings in Learning Typesorit-
ing.—That feehngs of pleasure and displeasure run
parallel with successful effort and its opposite is a
to keep me more widely awake. They gave occasion to keep
more constantly in mind correctness and maximum speed.
The ‘going to sleep” or ‘off guard periods’ which now so
often occur in the practice were prevented.”

LIn a few instances (the “critical stages™ in the practice
sentence writing) the learner’s interest in the work was irrep-
arably paralyzed by the irritating drudgery which the writing
mvolved.




204 THE PSYCHOLOGY OF SKILL

matter of every-day experience and needs but to be
mentioned.! The role of the feelings in successful learn-
ing is perhaps not so clear and deserves a word or two
of comment.> Two questions naturally arise: (1) What
is the meaning of the perfect correlation between the
fluctuations in attention and effort previously described,
and these changes in feeling and attitude? (2) What
retroactive effect have these fluctuations in attitude

e —

' For lack of space the learners’ accounts of the feelings
that were dominant during the good periods of writing and
on the good days and those prominent during an off period
or day as well as their descriptions of the feelings that par-
alleled the stages of successful practice and the larger lapses
in attention and efficiency must be omitted. And while, as
has been said, “Every one knows that feelings of pleasure
and displeasure run parallel with successful effort and its
opposite,” the bringing together of what the various learners
said on this point and the study of their notes has convinced
the writer that we have not hr:gun to realize the 1im portance
or significance of this common fact. It 1s a matter of such
common observation that, like the beauties of nature, 1t 1s
taken as a matter of course and its meaning and significance
not even suspected.

® It was previously pointed out (pp. 94-96) that progress
in the mastery of typewriting brought with 1t a permanent
interest in the work. That 1s, as the mhjnra learned to
write with ease and facility thcv came to enjoy the work
more thoroughly. The expert “keenly enjoved the mere
mechanical writing movements, because, as she said, “they
can be so easily and perfectly made.” For our learners the
first general pleasure seemed to come from the fact that
they were improving, learning to write, or accomplishing
what they had set out to do. Later they came to take a
keen interest in the mechanical movements themselves and
enjoyed their feel. This general practice effect or habut,
which is so vital for learning and of general theoretical 1im-
portance, should be carefully distinguished from the fuctu-
ations in feeling and atticude here discussed.
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and feeling upon the vanations in attention and effort
that went with them?

[t by no means follows that the relation between these
changes in feeling and attitude and the fluctuations in
attention and effort is causal because the parallelism 1s
perfect. Whether the feelings and mental attitude of
the learners give rise to the fluctuations in attention and
effort and the consequent failure or success in writing,
or whether the fluctuations in attention and effort cause
the changes in feeling, or whether both are joint effects
of a still more fundamental cause, 1s a matter with
regard to which 1t 1s 1mpossible to make a general
statement. In many cases the feelings and the failure
of attention were clearly joint effects of certain health
conditions. A good physiological tone not only gave
rise to, or increased, the pleasant feelings, but made
possible the proper use of attention and effort. In
other instances a change of feeling clearly followed the
variations n attention and effort and the resultant
failure or success in the work. We ind many sentences
like the following in the notes: ““At times I get very
much discouraged and disgusted, but when I get a good
period, as [ often do, where I can write easily and fast,
it encourages me and makes me feel good. I get thor-
oughly disgusted when a tangle comes™ (Z, Apnl 2o,
practice sentence). “‘Before beginning the test today
I glanced at the long sheet of paper which I knew I had
to fll and became disgusted with the whole experiment.
Soon after beginning to write, however, I had a remark-
ably good period, a brief period when all went easy and
well.  This made the work seem distinctly pleasurable
and I felt good after that.” Other cases were described
where the feelings did not so clearly follow the fluctua-
tions in attention and effort. A few cases were de-
scribed where attention had to work successfully (or
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unsuccessfully) for some time before it noticeably
affected the learner’s attitude or mood.

These observations are, of course, too incomplete to
enable us to say anything final as to the relation between
the fluctuations in feeling and those in attention. So
far as they go, they show that the feelings do quite as
much towards inducing and emphasizing certain fluc-
tuations in attention and effort as vice versa. In gen-
eral, success always heightened an already present
pleasant feeling or caused 1t to appear in consciousness.
Failure and mistakes always aggravated the unpleasant
feelings already present or made them appear. The
influence of the learner’s general physiological condition
on both can hardly be over-emphasized. Those psy-
chologists are probably not far wrong who consider the
feelings as a sort of thermometer which somehow reg-
isters the rise and fall of the learner’s general psycho-
physical efficiency. This would explain why rapid
progress and increased ability to do were always accom-
panied by pleasant feelings and a favorable attitude
and mood. Pleasant feelings and an attitude of
rapt attention and interest would mean increased
psycho-physical power, unpleasant feelings and an un-
favorable attitude or mood a decrease in such power.
The general fact that the learner’s feelings were such a
perfect index to the way their attention worked would
then have a rational meaning.

But what about our second question, the retroactive
effect of pleasant and unpleasant feelings upon the
learner’s ability to do and to improve? In answering
our first question we have already answered this in part.
Pleasant feelings had undemably, in our experiments, a
stimulating and helpful eff'ect upon every part of the
work, unpleasant feelings a depressing, retarding effect.
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Pleasant feelings produced something like an increased
irritability in the neural basis of every psycho-physical
activity in operation at the time. Success brings pleas-
ure and the pleasure spurs the learner on to greater effort
and more successful work. An unpleasant feeling
tends to interrupt the natural, easy and correct move-
ment of attention by taking forcible possession of con-
sciousness and dominating 1t. Instead of conscious-
ness being focused on the details of the work, 1t 1s filled
with unpleasant feelings, which not only take attention
off the details of the work, but create a “set” of mind
unfavorable for the work.

In all moderate degrees unpleasant feelings serve as
a distraction and produce, or further aggravate, a fail-
ure of attention. If exceedingly severe, they may,
however, serve as an incentive to eflicient effort and
thus entirely counteract their usual effect. That is
to sav, one’s mistakes or the unpleasant feelings which
follow, may 1n rare cases, serve to arouse the learner to
greater voluntary endeavor and so prove advantageous.
Pleasant feelings always seemed to stimulate the right
flow and movement of attention and, therefore, made
every part of the work go better. Every increase in
effectiveness caused more pleasure, 1t seemed, and the
pleasurable feeling gave, in turn, the proper “set’ of
attention for stll more easy and successful work. The
learner could try both harder and more effectively when
he was feeling good. He had to waste no effort in try-
ing. Only when success led to complacent self-satis-
faction and slackened voluntary attention did the effect
of the pieasant feeling become disadvantageous. When
it lessens effort to a considerable degree, its unconscious
helpful effect may be more than counteracted.  In our
experiments, however, this never occurred.  All pleas-
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ant feelings attending the success had a helpful reac-
tionary effect on the work.!

¢. The Accumulation of Feelings and the Formation of
Attitudes and Moods.—One additional fact should be
mentioned. It was found that a good moment or two
in the early part of a test gave the learner a favorable
mental attitude or feeling tone which often persisted
for the rest of the test. As one of the learners expressed
it (Z, May 22, practice sentence notes): “I started
today with a feeling of disgust. I was afraid I would
go to pieces again like yesterday. When I found that
I could write well, I began to feel better and wrote with
more enthusiasm. Towards the end of the test I could
put more enthusiasm into the work and write easily
because of my early success.”

But not only did the sensations which accompanied
the variations in attention and effort accumulate during
a test, and give a sort of mental attitude or mood for
that test as a whole; this total effect 1s held over in a
measure until the next day, giving to consciousness a
characteristic “set’ for the test that day. We find
many sentences like the following in the notes: “Felt
better before I started today, because I did so well
yvesterday,”” and similar ones for unfavorable conditions.
If something does not occur (several good minutes 1n a
test or a good day) to break up a mood of depression
thus begun, the work of the day will only serve to
solidify the already unfavorable attitude. In other
words, the feelings accumulate; the lesser unpleasant
feelings associated with the short periods of fatigue that
cause a temporary distaste for the work to form the

t Compare on this pllnt the author’s more recent work
“Learning to Typewrite”’, Chapter XX, The Gregg Publishing

Co. Also “The Will to L. earn,” by W. F. Book, Pcdagng:ul
Seminary, December, 1922 Vol. 29, 305-362.
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learner’s general attitude towards the work for any
dav, the latter to form the longer and more intense
periods of ennui and aversion to the work predominant
at the “breathing places™ and “critical stages.”™

In the hght of this fact and the effect which failure
and unpleasant feelings have on learning, the danger
to the learner of study or practice when interest has
failed, or when he cannot succeed, i1s clearly evident.
Practice or study at such a time simply makes the
learner push himself into the longer and more serious
periods of ennut (and the mistakes and arrest that go
with it), characteristic of a “critical stage,” developing
a general attitude or feeling tone which may perma-
nently retard or arrest his progress. There 1s much in
our results that speaks strongly in favor of what 1s gen-
erally considered the artist’s method of work. The
artist or genius works hard and long when the fit 1s on;
then lounges until 1t is again profitable to work. The
most economical learning would seem to demand that the
learner wwork only when he can enjoy it and succeed—and
to wait until he can. It 1s then that old associations
are most rapidly perfected and that new economic
short cuts in learning are made.”

' The following quotation 1s typical: "'U[} feeling attitude
has changed a hrtle for the better the last few days. 1 never
hated anything so much as this practice sentence writing.
Today I do not feel so much aversion to it because 1 have
gotten along so much better the last few days. Doing it
right and well makes me feel good and anxious to get back
to the work next day.” (Z’s notes, May

2Compare “Learning to Typewrite” l:n}' W. F. Book,
Chapter AX. The Gregg Publishing Company.



CHAPTER IX

EXPLANATION OF THE LEARNING
CURVES

I. SUMMARY OF INFLUENCES BRINGING ABOUT
THE FLUCTUATIONS IN THE LEARNING
CURVES

(r) The Daily Variations

After what has been said in the last few sub-sections
about the factors and conditions influencing learning
and rate of work, our explanation of the variations 1n
the curves may be brief. The rate of work (and by
inference, the rate of the learner’s advance in skill) on
any particular day 1s dependent on the joint action of a
number of objective and subjective factors, the former
owing their ethciency chiefly to the change which they
bring about in the latter. Of the objective factors the
most important in producing variations in the daily
score of the regular learning tests was the unavoidable
difference from paragraph to paragraph in the matter
to be copied. Other outer influences, though efhcient,
were in large measure under control and, therefore, of
infrequent operation. Of an intermediate character,
but of dominant importance, were fatigue (especially
that from general causes) and other physiological and
hygienic conditions. More strictly subjective factors
influencing the score were: (1) Differences in the amount
of relearning and warming up which were necessary,
or which actually took place, and the learner’s adapta-

210
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tions to these factors for that day. (2) Fluctuations in
spontancous and in voluntary attention, with attendant
changes 1n the intensity, in the direction, and in the
ethciency of the effort expended. (3) Changes in feel-
ing and emotional attitude, occurring in complicated
relations of interaction with the changes in bodily con-
dition and the states of attention just mentioned. As
particularly liable to lead to a low score either for the
day or a period of greater length, should be noted a
tendency to try to make up for previous slackness in
attention and effort by special effort with attention
on speed, which invariably led to error, and to the
cultivation of false associations and brought many evils
N Its train.

(2) The Breathing Places

The “breathing places™ in our curves, while they
might be prolonged, and in rare cases caused by such a
careless, wrong application of strong voluntary efforr,
were chiefly caused in our experiments by the irregular
lapses In spontaneous attention and effort above
described. A variety of influences operated to pro-
duce these irregular lapses in attention and efort,
As one of the most stable of these factors and certainly
the most significant for learning may be mentioned
habit and the learner’s general attitude. Anything that
retards success temporarily, that dampens a learner’s
ardor or interest and enthusiasm, and so takes away
some of the spontaneous or voluntary incentives to
effort, brings about a temporary lapse in attention and
eftort which by the law of habit is prelonged until
broken up by some special incentives to effort.

As a third, and perhaps less frequent factor entering
into the causation of the “breathing places,” mav be
mentioned the daily fluctuations in efficiency ucl:m:ring
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in complicated relations of interaction with these other
causes. The subject may, on some particularly good
day, have made an unusually high score and developed
a method of writing far in advance of any previously
used. He can on the following day do the work in the
same manner again, if in good condition, because he
can as a rule repeat any act voluntarily which he has
once performed.

But to do the writing on this high plane requires all
his attention. For several days attention will be able
to make no new adaptations or additional short-cuts in
method because it 1s wholly taken up with the work.
It takes some time for the new way of writing to
become sufhciently automatic to allow part of the
attention to forge ahead in quest of more economical
methods. The forward step having been made on a
good day, when the subject’s highest efhcient effort
was employed, he must for several days put forth a
maximum effort even to hold the vantage gained on
the good day. If for any reason he becomes slack in
his effort or careless there will be a drop 1n his score,
perhaps for several days. Moreover, after such a for-
ward step in method has been taken the learner may
for some reason meet a number of off days, when his
“ability to do” has for some reason been so much
lamed that he not only 1s unable to increase his score
on succeeding days, but often falls below his previous
records in spite of all he can do. Nor 1s this all.  The
learner on such a bad day was naturally tempted, as
we have seen, to push himself along too fast. He feels
that he 1s not doing as well as he has done before and
in his eager desire to increase his speed and keep up his
score he fails to direct his attention properly, and
literally crowds himself into all sorts of mistakes. He
fails to give the attentive direction, which the writing
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for him in that condition and stage demands; the result
1s confusion, mistakes, practice in error, the evil cffects
of which must be overcome before further Improvement
can be made. This means that the learner must go
more slowly and give extra attention to certain detajls
of the work until the interferences, thus developed,
have been eliminated; it means that the WIIting must
be done for a time on a lower plane, and that the score
for these particular days will be lower than for previous
days. There can be no measurable Improvement until
these mistakes have been corrected; no new adapta-
tions, until they have been fully overcome. These
nervous spells, or periods of diminished attentive
efhciencv—no matter how induced, by the learner’s
mental or neural condition, by his past mistakes, by
habit, or the natural conditions of the learning—
coupled with the daily lapses in spontaneous and vol-
untary attention may thus serve to help keep down
the score for several days.!

(3) The Plateaus

Tounderstand our plateaus the following facts, already
fully described in earlier sections, must be borne in mind:

I. There is no regular time order in the development
of the special habits involved in the mastery of type-
writing. They developed simultancously and literally
perfected each other. During the plateau practices
there was no further development of the elemental
habits preparatory for use as elements in the higher-
order habits; there was genuine arrest.

2. The plateaus appeared, not after a certain amount

" Additional evidence in favor of this interpretation of the
“breathing places” is to be found in the fact that they
often followed periods of sudden and rapid gains, as may
be seen by referring to the learning curves, Figure 2, p. 18.
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of practice had been taken, but at defnite levels of
advancement,

3. At these same levels of advancement there regu-
larly occurred lapses in attention, relaxations of interest
and effort, revealed by the int rospections of the learners,
by the marked increase in the percentage of errors and
in a striking way by the regular drop in the pulse rate.

These lapses 1n spontaneous attention and natural
effort tended regularly to be followed by a rash misappli-
cation of voluntary effort as soon as noticed by the
learners.

The “critical stages™ did not prove equally serious
for all learners. In some cases the difhculties which
they occasioned were so successfully dealt with that the
plateaus were eliminated.

It appears, therefore, that the plateaus in our curves
do not represent periods of incubation, where certain
elementary habits make substantial gains, preparatory
to their organization into higher-order habits, they are:
(a) Resting places in the learner’s interest and effort;
or (b) “breakdown” stages caused by excessive effort
wmng[} applied. They represent either a failure in
attention and effort, naturally produced by the nature
of the learning, or a period duungq which attention and
effort are wrongly applied, where mistakes are multi-
plied and where subsequently the evil effects of practice
in error are being slowly overcome and right habits of
attention and execution regained. Theyv appear at those
stages in the learning where dithculties are unsuccess-
fully met, and were regularly accompanied by unpleas-
ant feelings, an attitude of carelessness, growing dis-
gust with the work, all of which tended to further
restrict or inhibit the development of the associations
to be formed.

Two questions naturally arise: (a) What happened
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on the conscious side during the plateau practices and
what occurred when there was a rise from a plateau?
(b) How far are plateaus a necessary feature of the
learning process; may they be profitably and success-
fully eliminated?

a. The Rise From a Plateau.—It has been generally
held (compare Psy. Rev., Vol. VI, p. 358, also the
Garman Memorial Studies in Philosophy and Psychol-
ogy, Boston, 1906, p. 306) that the special habits
involved in the mastery of such complex feats as learn-
g a Foreign Language or Telegraphy, were slowly
developed and perfected during the period of monoto-
nous practice represented by a plateau, even suggested
that the plateaus were necessary for such development
and that after a certain amount of such uneventful
practice the elemental habits would more of less sud-
denly shoot together into new combinations, which,
because of their greater efhciency, caused the marked
increase in skill pictured by the sudden rise in the
learning curves. This explanation of plateaus is based
almost entirely on inferences made from objective facts
and like so many other psychological deductions made
from objective data does not fit the facts.  The only
sure way to find out what is happening during the
plateau practices or to find out the significance of
plateaus for learning is to analvze the learning process
itself to find out whar js actually taking place during
these periods of monotonous practice or work. Our
analvsis of the learning consciousness for typewriting,
gave no evidence whatever in favor of the explanation
of plateaus just mentioned. What then 1s happening
during these periods of uneventful practice and what
occurs when there is a more or less sudden rise from g
plateau?

Though the facts revealed by the learners’ daily notes
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for the plateau practices were all significant and
instructive, it is impossible to give a complete analysis
of the learning consciousness for these periods. What
happens on the conscious side, depends, of course, on
the cause of the particular plateau in question. If it
has been caused by a simple lapse in attention and
effort the learning consciousness remains comparatively
simple and 1s easily analyzed. There will be a gradual
turning away of attention from the details of the work
and a drifting away from the work as a whole, and no
progress will be made save that which comes from a
further perfection of the then present methods of work.
These associations will continue to grow very slowly! if
the practice 1s kept free from mistakes. The learner 1s
simply caught by the law of habit and fails to improve
because new adaptations or “short cuts’” in method
can not be made unless attention 1s kept vigorously and
properly applied to the work. If at any time during
such a plateau greater effort be carefully applied to the
details of the work new adaptations will be unconsciously
fallen into as we have previously pointed out, and the
learning curve will show a consequent rise, the rise
from the plateau meaning that new adaptations have
been made in one or more departments of the work.

If, on the other hand, the lapse in attention 1s fol-
lowed by a growing carelessness, 1ts usual associate, and
a little later, when the learner becomes aware of his
lack of progress, by greater but misapplied effort, the
learner’s consciousness becomes very eventful and com-
plex. All sorts of interfering associations and tend-
encies will be developed in masses, and much careful
work must be done before there can be a rise from such
a pluteum Proper I'l.lh]t'- ::Fattmtmn (applying it more

"'ﬂnu slowly t]nn if I".IL rfected 1n -.wnmmtmn with thf:
development of higher-order habits (compare p. 120).
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carefully to the details of the work) must be regained,
and the manyv psycho-physical interferences developed
by the practice i error, must be carefully overcome
before anv measurable progress can be made. The
general habit of carefully mastering every difhculty as it
comes up, which at such a time has been set aside, must
be carefully revived. The associations then in process
of final perfection, which are being slighted by putting
attention on speed, must be carefully practiced until
all the interfering habits and tendencies have been
chminated. By the former practice in error a whole
new set of habits and feelings has been built up which
must be replaced by correct habits of work and pleasant
feelings before any visible progress can be made.!

But such gains are not shown by the learning curves.
These at best give but an incomplete measure of the
learner’s progress and tell us nothing about his actual
procedure in the learning act. While we can get no
better general index of a learner’s improvement than
an accurate measure of his “ability to do,” vet many
factors important for future progress in learning, factors
which determine a learner’s ethciency and capacity for
learning at that future stage, make no measurable
manifestation of themselves in the curves.? When the
learner 1s gradually learning how to deal successfully
with the daily and momentary fluctuations in his effi-
ciency and is learning to direct and apply his effort to
the details of the task so as to correct or overcome some
old or recent mistake, when he 1s making the necessary
adjustment for dealing most economically with some

' Compare W. F. Book, * Learning to Typewrite,” Chapter
:\'l\'

lmmun on this pmnr the author’s more recent work,
“Learning to Typewrite,” Chapters XVII and XXI. Ilu;,
Grege [’uhhhhmg Company, New York.
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of the special difficulties which the larger fluctuations
in attention and effort call forth at the “critical stages,”
when the cumulative effects of these smaller and larger
fluctuations 1n attention and effort are broken up by
successful practice, the learner is making important
gains which do not affect the learning curves or add
aught to the actual development er perfection of the
associations to be formed. But the things the learner
does at such a time, nevertheless, mean gain for him
since they must be done before further development of
the associations to be formed can occur. The rise from
such a plateau not only means that all this has been
successfully done, but that new adaptations have been
made in one or more departments of the work.

b. Are Plateaus a Necessity?— The facts, old and new,
seem to the writer, to warrant the following general
statement. In all simple learning, where only one or
at most a simple group of special associations are to be
acquired no plateaus should occur. All improvement
must come from the gradual perfection of a few specihc
habits, and the progress in learning should be like the
growth and development of a single association, rapid
at first and becoming more and more gradual as the
habit is fixed. In all complex forms of learning, on
the other hand, where manyv specithe habits are to be
formed and where simple elemental habits are con-
tinually reorganized into higher-order habits, plateaus
naturally tend to occur and often do occur at those
stages of advancement where certain elementary habits
or groups of such habits are being hnally perfected;
because at these stages in the learning attention tends,
as we have seen, strongly and naturally to dnift away
from the associations to be fixed and from the work
as a whole. This means arrest. of progress and the
development of all sorts of interfering habits and tend-
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encies, difficulties which become harder to prevent with
each succeeding “critical stage.”

Can the dificulties peculiar to the “critical stages”
be successfully overcome and the consequent plateaus
eliminated?! Since we have found nothing in their
causation that makes them a final or necessary part of
the learning we conclude that they can. If we knew
what associations were to be formed in the different
fields of learning and hence where the plateaus tend to
appear, so that we could properly guide the learners at
these “critical stages” and provide such emotional
helps and incentives to effort as would compensate the
ebbing of immediate interest or cessation of effort,
naturally brought on by the nature of the learning at
these stages, there would be no arrest of progress until
all possible adaptations and short cuts in method had
been made and the highest-order habits or most direct
methods of work attained. We conclude, therefore,
that plateaus are not a necessity, even in the most com-
plex forms of learning, as 1s, we believe, generally
assumed, and give in further support of this statement
the fact that some of our learners did of themselves suc-
cessfully overcome the difficulties encountered at some of
the ““critical stages™ in learning to use the typewriter and
the further well-known fact that in learning such com-
plicated things as playing the piano, or learning a
foreign language,' many learners successfully conquer

' We give in further support of this statement the follow-
ing unpublished result obtained by Dr. W. L. Bryan in his
study of Lecarning French, made immediately after the study
of Learning the Telegraphic language. Dr. Bryan when
asked about this point, said: “No plateau was experienced
in that study though a high degree of proficiency was reached.
Neither was there any lapse of interest.  The fact that great
effort was put into the work throughout the study is shown
by the fact that I broke down completely under the strain
of the work and had to give it up.”
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the difficulties presented by every “critical stage’ and
thus eliminate the plateaus. The “critical stages” are,
in all probability, a stern reality in all forms of complex
learning, but our facts seem to warrant the general
statement that a skilled and sympathetic teacher, one
who knows what habits are to be formed in the learning
he 1s to direct, and who, therefore, knows where the
“critical stages” appear, might so guide his learners
that their attention would be kept properly applied to
the details of the work and few interferences formed.
He might also provide such emotional helps and arti-
ficial stimuli, by arousing an interest in the higher
aspects of the subject as would fully compensate for
the natural lapses in interest and effort at the “critical
stages.” If the learner’s interest and effort can be kept
from lagging and kept properly directed there will be
no plateaus.!

2. EXPLANATION OF THE INDIVIDUAL CURVES

With our facts all before us and their relations to
learning pointed out, the meaning of the fluctuations in
our curves becomes clear. We shall confine ourselves
in this section entirely to a consideration of the pla-
teaus. The explanation of the daily variations and
“breathing places” has already been given as fully as
they were determined.

As previously pointed out, the thing that is most
likely to happen at a “critical stage” 1s a more or less
serious relaxation of spontaneous attention and effort
accompanied by a moderate degree of carelessness about
the details of the work. The plateaus in our regular

' For a detailed discussion of the role played by a teacher
in the most Expeditious and Ef,unumutli Learning, see W. F.
Book, “Learning to Typewrite,” Chapter XXIV. The Gregg
l’ubhshmgj Co., New York.
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learning curves were all caused by this natural lapse in
spontaneous attention and effort. Without exception
there was a lower average rise in pulse for the plateaus
than for the rises, slow or rapid, in the curves. (Com-
pare Figures 2, p. 18, and 13, p. 192, and Table III,
p- 152). The increase in certain kinds of errors at these
stages, the learners” observation notes, and the behavior
of the pulse and efficiency curves for the plateau prac-
tice (Figures 12, 13, and 14, pp. 173-175) clearly showed
that the drop in pulse rate meant a relaxation In atten-
tion and effort. Towards the middle of hijs long pla-
teau, when he began to notice that he was making little
progress, Y began to make excuses in his notes for his
lack of improvement. He continually gave as the
reason for the slow progress he felt! he was making that
he was now more careful about his Writing, more par-
ticular about making mistakes, etc. But the drop in
his pulse (compare Figures 2 and 15 and Table III), the
fact that there was so much spontaneous turning away
of attention from the work, and that his WIIting was
not more correct for this period of practice, all go to
show that a decline in effort and enthusiasm are re-
sponsible for his plateau.

But as we have seen the natural relaxation of atten-
tion and effort at a “critical stage’ 1s apt to be followed
by a period of work where intense effort 1s rashly
applied, the attention being focused on speed instead
of on the details of the work. X, who was strongly
determined in his S. M. writing to do his best every
minute and day, because of his extra interest in the
experiment, tended strongly to overcrowd himself and
so to misapply his energy. He escaped 1n a measure
the tendency to relaxation because of the extra incen-

‘It will be remembered that the learners were kept, as
far as possible, in ignorance of their scores (see pp. 9—-10).
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tives to effort, only to fall into that of misapplied effort.
This 1s shown by the fact that he made many more
errors than Z, the other S. M. learner, and that his pulse
rate decreased less during his plateaus than it did for
the other subjects. That there was, nevertheless, some-
what of a lapse in attention and effert during his pla-
teaus 1s shown by the fact that the average rise in pulse
was less in every case for his pldteaus than for the
periods of rapid progress (compare Table IIl and Fig-
ures 2 and 15), showing that not only was there a lapse
in the amount of attention and effort put into the work
but also a lapse in its efficiency. The middle purimls
for each plateau showed special evidence of this laj

in voluntary efficiency. That for a short period in the
midst of his second plateau he tried exceptionally hard
is shown by the unusually high rise in his pulse (g.07
beats). That his effort was now more unsuccessful is
shown by the marked increase in the errors made and
his notes for these days (compare Figure 15, X's S. M.
curve). lhere was a marked increase in that group of
errors which indicated that excessive effort was being
wrongly applied to the work. The same can be said
for the middle part of his first plateau, though here the
pulse record is less rehable owing to the fact that a
method of getting a normal pulse had not vet been per-
fected (see p. 6). Part of the practice for the latter
part of each of X’s plateaus had to go to getting nd
of the interferences caused by the wrong application of
effort and the unintentional practice in error which it
brought on.

That Y and Z, at the second “critical stage,” where
word associations were bemng perfected, also tended to
become careless and to push their attention ahead too
fast, 1s shown by the marked increase in errors for the
period. Y's percentage of errors increased from 3.30
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per cent to 5.14 for the beginning of his plateau. After
he had been on his plateau for ten days, he became more
careful about directing his attention and reduced his
percentage of errors for the middle part of his plateau
to 2.44. His notes for the period show that he was
now giving special attention to accuracy. He made it
a point to conquer this tendency to blunder and con-
tinually gave this as an excuse in his notes for the low
score he thought he was making. Nevertheless his
pulse curve for the period showed that less effort, than
formerly, was put into the work, and comparing his
plateau as a whole with the same length of practice
immediately before, there were more mistakes. The
tendency for attention to wander away from the
work was so strong, the temptation to drop out the
slight attentive direction still required for the details,
and to put attention on speed was so persistent, that
the extra care was needed to prevent a “breakdown” in
his regular learning, similar to that which took place
in his writing of a practice sentence. [or the last part
of his plateau his percentage of errors rose again to
3.36 (compare Figure 13, p. 192).

The periods of arrest in our practice sentence curves,
were, with one exception, caused by this wrong and
careless application of attention and effort. A glance
at Z’s pulse and learning curves for his practice sentence
writing (Figure 7, p. 153) will show that the average
| rnise in pulse, above the normal, is very much greater
for the plateaus than for the periods of practice where
rapid improvement was made. The worst days of his
practice, May 20 to 28, showed an average rise in pulse
of 14.61 beats, while the eight days that marked the
rapid rise from this plateau, June 15 to 24, showed only
the normal nise of 8.71. Y’s anger and disgust got
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worse and worse, until, towards the last of his practice
he was fairly hammering the keys. He became so dis-
gusted with the practice that he would not continue it.
His pulse though low at first was abnormally high for
the last part of his plateau (compare figures on curves,
Figure 8, p. 154). But if we did not have the pulse
records, nor the learner’s daily introspections, the
observaticn notes of the experimenter and the kinds
and number of mistakes made would have shown that
excessive effort was put into the practice at these stages.
Nothing but mistakes and arrest of progress could
result from work of this sort.

Table VII, containing data for the practice sentence
writing of Y and Z, 1s instructive in this connection and
should be compared with the curves in Figure 8. It
will be seen that the average rise in pulse 1s only 6.73
for the hirst part of Y's plateau. It then nises rapidly
to the end of his practice. Z’s pulse rate and errors
rapidly increase until the latter part of his second pla-
teau where there 1s a marked drop in both. This 1s fol-
lowed by a still further drop in pulse rate, a decrease
in the percentage of errors, and a rapid rise in his learn-
ing curve. His pulse for this period fell from an aver-
age rise of 14.61 to 10 beats, and a lhittle later when
rapid improvement set in to 8.71, showing, aside from
the evidence furnished by the learner’s and experi-
menter’s notes and the record of his mistakes, that he
was abandoning the excessive effort which he had been
so recklessly applving to the writing. But there was
no immediate rise in his learning curve because the
interferences built up by the wrong practice had to be
overcome and right habits of attention regained before
improvement could be made. Getting rnd of these
interferences continued his plateau several days. Y
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did not conquer his difhculties; he gave up the practice
before there was a rise from the plateau.

TABLE VII

Data Throwing Important Light on the Causes of Plateaus in the Learming
Curves for Our subjects

——— e
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stage

in the learming 1s encountered 1s thar the

learner may contend so successtully with the difhculties
of the situation as completely to ehminate a correspond-

ing plateau from his learning curve,

By a careful

adjustment of attention and continuous voluntary
effort he may keep his progress steadilv continuous.
How well a learner succeeds in making all his effort
ethcient and 1n resisting every tendency to lag depends,
plainly, upon the learner and his stage of development.
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The *“‘cnitical stages™ become harder and harder to
pass successfully as an expert skill 1s approached, and
in the matter of dealing successfully with these difhicul-
ties great individual differences exist. Y succeeded
better than either X or Z as regards the efhiciency of
such effort as he apphed. Z was more successful 1n
resisting the tendency to lag. But all our subjects
learned, 1n a measure, to adjust themselves to the
dithculties presented by the “critical stages.” The
first “critical stage™ in the S. M. learning, which held
X on a plateau for 33 days, Z mastered quite readily.
His rate of progress was only shightly retarded and his
interest and enthusiasm never failed (compare descrip-
tion of learning curves, p. 18). He showed strong
evidence, however, of being caught by the second
“critical stage” which appeared in X’s curve at the
grade of skill (145 strokes per minute) attained by Z
when his practice was stopped. For the last ten or
fifteen days of his practice Z made httle or no improve-
ment, while his notes and the record of his misctakes, as
well as his pulse curve, gave unmistakable evidence of a
marked decline in effort and interest. X fell into the
trap at each ““critical stage™ in his S. M. writing but
successfully overcame the difficulties occasioned by the
first ““critical stage” in his T. M. learning. His intense
effort, born of the extra interest in the experiment,
made him an easy prey to the natural tendency to try
to go too fast. This with a relative decrease 1in atten-
tion and effort caused, as we have seen, both his plateaus
in the S. M. learning. In his T. M. practice his pro-
gress was rapid and continuous throughout.

The fact that both X and Y, who had previously
learned to write by the S. M., successfully met, in their
T. M. learning, the difficulties presented by the first
“critical stage” and so eliminated the plateau from
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their learning curves, is of special importance since 1t
bears on the much mooted question of general disci-
pline. From X's daily notes it appears that he was
much influenced by seeing the more steady methods of
work of Y, and unwittingly learned from watching him
how much better 1t was to make haste slowly than to
try to go too fast. That he learned much else in his
sight method practice that proved useful in learning
to write by touch seems clear (compare pp. 97-99,
above). As his practice was stopped when he was
writing at an average rate of 160 strokes per minute and
since the second “critical stage” in the T. M. learning
was not encountered by Y until he was writing at an
average rate of 205 strokes per minute 1t 1s impossible
to say whether X would have mastered the second
“critical stage™ also. So far as his practice went there
was no sigh of a decline in either effort or interest or of a
plateau. Y, also passed the first “critical stage™ with-
out difhculty, but was caught by the natural lapse in
attention and effort at the second ““critical stage.”

[t seems significant that the plateaus in the practice
sentence writing by the T. M. set in at exactly the same
stage of advancement as they did in the regular writing,
namely, when Y was writing at an average rate of 203
strokes per minute (compare curves A and E, Figure 2).
In the practice sentence writing by the S. M. the pla-
teaus encountered by X and Z appeared when a skill
of 260 strokes had been attained, while the plateaus in
the regular practice by this method occurred when X
was writing at an average rate of 114 and 145 strokes
per minute. This seems to suggest one of two things,
eicher a third “cnitical h‘l‘:L;:r" was ahead of the S. M.
learners when their regular practice stopped, one more
serious than any vet encountered, or a plateau due to
excessive effort wrongly applied, while more apt to
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occur at the “critical st:ig,es” may, nevertheless, make
its appearance at any time in the later stages of prac-
tice where several groups of specm] assoclations are in
process of fnal perfection. This in all probability 1

the case though we have no further facts on this point.



CHAPTER X
GENERAL SUMMARY

In the experiments above described two groups of
data were obtained: (1) A set of individual tables and
curves picturing the learners’ progress (as measured by
the criterion “ability to do” in the matter of typewrit-
ing) from minute to minute and day to day for the
entire period of practice. (2) A group of objective and
introspective data bearing on the analysis of the learn-
ing process obtained with the view of getting such
facts as would show not only what these curves stand
for psvchologically, but as would enable us to explain
all their general and particular characteristics.

The important facts revealed by the tables and learn-
ing curves, our fArst group of data, are the following:
(1) The curves belong to the usual type, that 1s, they
rise rapidly at first and then more and more slowly as
an expert skill 1s approached. (2) There are as usual
marked fluctuations in efhciency from minute to minute
and day to day—fluctuations which vary from sub-
ject to subject and for different sorts of practice. (3)
All the regular learning curves show a number of short
irregular periods of arrest, “breathing places™ in therr
upward movement, lasting, in our experiments, from
hve to eight days. (4) Two of the regular learning
curves and all curves for the “practice sentence’ writ-
ing show one or more longer periods of arrest, actual
| plateaus where no improvement is made for a period of
from 32 to 48 days. The “breathing places” or short
periods occur at irregular intervals throughout the




230 THE PSYCHOLOGY OF SKILL

whole practice, and therefore, differ in nature and
causation (pp. 187, 194, f.) from the plateaus which
regularly occur or tend to occur at definite levels of
advancement, at the “critical stages” in the learning.

The meaning of these purely objective facts is shown
by our second group of data, the minute introspective
analysis of the learning consciousness. This, as sup-
plemented and verified by our objective data, showed:
(1) The habits of various kinds and orders involved in
the mastery of typewriting. (2) How these habits
naturally took form and developed in the course of the
learning. (3) The factors which helped or hindered in
their formation and growth.

I. SPECIAL HABITS WHICH CONSTITUTE THE
SKILL OF A TYPIST

In learning tyvpewriting two groups of special habits
are formed: (1) Habits of manipulation, or the specific
psycho-physical associations involved in the mastery
of the writing 1tself. (2) Habits of control, certain
more general or more purely mental habits formed in
conjunction with the habits of manipulation—habits
that are not involved in the writing directly, but rather
preside over the formation of the special typewriting
habits. In other words in learning to typewrite the
learners acquire in addition to the habits of manipula-
tion (the typewrniting habits which enable them to deal
more and more directly and economically with the par-
ticular problems presented by the writing), certain
other habits which enable them to deal more and more
successfully with the problems involved in the learning
itself. Specifically the subjects learn: (a) How to
“short circuit,” or acquire to advantage the kind of
habits which the mastery of the subject requires (p. 89);
(b) how to meet and successfully overcome the many
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special difficulties which are characteristic of learning
to typewrite (pp. 90-92); (¢) how to acquire and main-
tain a helpful attitude of feeling (pp- 94-95); (d) how
to keep attention focused always on the writing (pp.
96-97); (e) how to use attention more and more
effectively when applied to the writing; how better to
use and economize voluntary efforr, etc., (pp. 126-128).

The habits of manipulation, involved in the mastery
of typewriting, are of all kinds and degrees, ranging
from the most simple and elementary associations used
by the beginner to the complex hierarchies of co-ordi-
nated habits used by the expert. In beginning to write
by the “touch” method, for example, an association
must first be formed between the sight of each letter in
the copy, or its mental equivalent (some form of inner
spelling), and the thought of the exact position of the
corresponding key, so that the sight or thought of the
letter will call up instantly the exact position of the key.
But this is only a necessary preliminary step in the
process of getting the right finger to the key to be struck.
This mental location of the key must promptly give rise
to certain psychic processes and movements required
to get the right finger to the key desired. This step,
locating the key with the fingers, represents in the
beginning a very difficult and roundabout process which
must be gone through with for each letter before the
fnal letter-making movement of the finger can be made.
In the earliest writing each letter of the copy must be
hrst hxated with the eves (or spelled), its corresponding
key separately located, first with attention, then with
the hingers, the letter again actually or incipiently pro-
nounced before or as the key is being struck.  As prac-
tice continues a “short arrcutting” in each part of this
hive-step process reduces all to one in consciousness,
The sight of the letter in the copy, or its mental repre-



232 THE PSYCHOLOGY OF SKILL

sentative, the spelling, comes to call up at once the one
proper letter-making movement, which by careful atten-
tion to its details can be properly guided or directed as
made. When this has been accomplished a “letter
association’’ has been formed. With continued prac-
tice these letter-making movements become easier and
easier until lictle conscious direction 1s needed for their
proper performance. The separate movements for a
group of letters representing a frequently recurring svl-
lable or word follow a course of **short circuiting” simi-
lar to that which eliminated the separate steps early
required in making a letter. The letter-making move-
ments begin to need less and less individual guidance
and finally drop out of consciousness sufthciently to
permit the syllable and word to be reacted to as a whole.
In other words a direct association 1s formed between
the sight or inner pronunciation of the oft recurring
svllables and words and the total groups of movements
required for writing them. The word has now become
the unit for attention and is reacted to as formerly were
the letters or still earhier the individual steps in the
process of making letters, at first in a very detailed way,
then more and more generally as the higher-order (word)
associations are perfected and phrase associations are
formed. As skill increases certain groups of move-
ments representing the syllables and words begin to
link themselves together for certain phrases and clauses,
attention dealing with the larger group of movements
involved in writing as before, hrst in detail then 1n a
more and more unitary fashion, untl the larger group
is no more of a task for consciousness than was once the
letter and word. A direct association 1s thus formed
for the easy and more famihiar phrases.

Similar psycho-physical habits were developed 1n
learning to write by the “sight™ method with only such
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characteristic differences in the process of their forma-
tion as was occasioned by the fact that in this method
the copy had to be learned and somehow held in mind
until written and the further fact that there was as a
result of this a constant shifting of attention from the
writing to the process of learning the copy (pp. 66-68).
It was the inception, development and final perfection
of these habits of every kind and order that caused the
nse and upward movement of the curves.

2. HOW TYPEWRITING HABITS ARE DEVELOPED
AND FIXED

The following facts were obtained concerning the
growth and development of these special habits:

1. The special typewriting associations or habits of
manipulation are all developed and perfected in a defi-
nite manner. The earliest associations employed in the
writing are formed from the masses of familiar associa-
tions and activities which the learner brings with him
to the work. In the beginning the learner’s attention
and effort cannot be applied to the writing in a direct
and economical way. Under the influence of the strong
desire to succeed in the new task there are called up
masses of old and easy associations and forms of activity,
most of which are not directlv serviceable for the writ-
ing.  From these associations and activities is built up
by the double process of elimination and selection the
first elementary, step-byv-step, blundering associations
used. By a further process of elimination and a simul-
tancous one of re-combination, called into action by the
extreme exertions of the learners in their eager desire to
reach a higher speed and greater facihicy, their fArst
elaborate and circuitous methods of writing are simpli-
hed, refined, changed, until, sheared of some of their
accessories, they enter into and form the easiest and
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most direct method of work vet attained. Throughout
the learning there 1s, if one may so phrase it, a sort of
unconscious struggle for existence among many modes
of action and methods of work, ending in the survival
of the one most direct and economical way of reaching
the goal. Some of the early habits called forth by the
learning exist but to be eliminated, others enter into
and constitute the first simple and direct habits used
in the writing. These elementary hahit'-; are In turn
modified and reorganized, as practice continues, as
parts of higher and more economical groupings, in
which their 1dentity 1s gradually merged, while these
higher groupings in turn are worked over into vyet
higher complexes by essentially similar processes.

Three facts of major importance were determined in
regard to this process of short circuiting:

(a) The new adaptations or forward steps in the
learning were made quite unintentionally so far as the
subjects were concerned. They were simply fallen into
when the conditions were favorable for making a for-
ward step and were executed marginally for sometime
before the learners became aware of their presence and
value for the work (pp. 130-134). When the advantage
the new method had been noticed i1t was generally,
thereafter, made use of purposely, though even then con-
sciousness seemed to be more of a hindrance than a
direct help. As Z expressed 1it: I ind that I have to
let the thing do itself. When a new way of doing the
work 1s noticed and | purposely try to use 1t or to assist,
it never goes right.”

(b) The necessary pre-condition for taking a forward
step in the learning was extreme effort, ¢ urfuilx .1]‘1pllud
to the work on a good day, when the older associations
had been carefully reviv ed and when the learners were

thoroughly “warmed up™ (pp. 126-129, 150).
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(¢) The process of progressive orgamzation and co-
ordination of the simpler activities into higher and
more economic and direct methods of writing becomes
itself more and more difhcult as skill increases. In the
advanced stages of learning where the elements are more
complex, new adaptations become harder to make, first,
because the learners have had httle or no experience in
making higher groupings, as most learners are masters
of nothing; second, because, of the lack of success or
slower progress, attention naturally tends to drift away
from the work, both in 1ts details and as a whole, making
the writing in the later stages of learning harder and
harder to attend to (pp. 195-197).

It was determined in the second place that the
special habits of manipulation involved in learning
typewriting naturally and normally grow and develop
simultaneously, 1. e., they hiterally perfect one another.
The elementary habits are not completed before the
higher-order habits begin to form. The development
of the higher and the perfection of the lower go hand
in hand, throughout the whole course of the learning.
Lower-order habits are developed in and through the
formation of the higher as a further development of
the higher is dependent upon the careful and hnal per-
fection of the lower (see pp. 115-121).

3. This ssmultaneity of development does not mean,
however, that all the habits of manipulation are making
| steady gains at the same instant.  While all develop
together they are not actually driven abreast. The
gains made within the realm of each individual associa-
‘. tion 1s, like the general progress in learning, unsteady

and irregular.  The growth and development of the
several special habits is something like the movement
of a flock of sheep along a country road. The whole
| flock moves forward, now faster, now slower, while now
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this, now that, particular sheep pushes ahead of the rest.
In learning typewriting all associations involved are
making progress almost from the first. Over this vast
array of possibilities of improvement the learner’s atten-
tion moves, focusing now on this, now on that particu-
lar phase of the work, and causing an adaptation or
short cut to be made now in this, now in that part.
Frequent relapses in all departments of the work occur
and there 1s great irregularity in the development of
each special association because of the way in which
attention changes (pp. 122-124).

4. The final perfection of all the special associations
immvolved 1n typewriting 1s a very slow and gradual
process. A little attention and direction 1s needed and
must be given for a very long time after the details
seem to be completely self-regulative. This fact has
two very immportant bearings on learning: (a) As the
association becomes automatic it loses 1ts attraction, or
drawing power, for attention and becomes very hard
to attend to carefully. (b) This affects the learner’s
atuitude. He either gets lazy and lets attention dnift
to outside interests, or crowds ahead too fast, aiming
at speed, and fails to give to the association the shght
direction required to master it fully.

These facts make clear the meaning of the general
courseof the learningcurves. Their hirst rapid nise 1s due
to the fact that all orders and kinds of associations are
developing simultaneously and that they are all in their
first stages of development where growth 1s easy and
rapid. The later slow and gradual rise 1s explained by
the fact that many adaptations and combinations have
been made, that those which remain are harder to make
and that the final perfection of the habits that are
being developed 1s such a slow and gradual process.
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The learning curves therefore become almost horizontal
as expert skill is approached.

3. FACTORS WHICH FACILITATE OR RETARD
THE ACQUISITION OF TYPEWRITING HABITS

We have been treating the factors which account for
the general, or as one may say, i1deal form of the learn-
ing curves. DBut the actual process of acquiring type-
writing habits is less simple than the above account
suggests. Many things come 1n to hinder the growth
and development of the habits to be formed, making the
actual procedure in the learning far from 1deal or steadily
continuous, as 1s so well pictured by the 1rregularities
of our actual learning curves. Among the many factors
influencing the formation and development of the spe-
cial habits acquired in learning tvpewriting may be
mentioned the following:

1. The Daily Relearning and Warming Up.—Some
of the skill acquired on a particular day 1s forgotten and
none of the associations work as promptly and easily
upon hrst beginning as afterwards.  Old habits cannot
be called 1nto use by a sheer act of will, but must be
carefully revised to re-establish the chain of subcon-
scious reflexes. This daily relearming and revival
of the older associations was found to be intimately
connected with the circulation of the blood, since the
“warming up”’ or increase in efliciency, was always
accompanied by an increased pulse rate (pp. 144-150).
The significance of the relearning and “warming up”
for acquisition lies in the fact that both must take place
before 1t 1s profitable to work with maximum effort.
New adaptations cannot be made so long as attention
1s busy with the slightly faded older associations. As
soon as these have been sufhiciently revived the learner
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may with advantage push himself on to higher planes
of work.

2. The most important factors influencing the forma-
tion of the special habits involved in typewriting are
the fluctuations mn attention and effort, which occur
throughout the course of the learning, and the mistakes
fallen into, and changes in feelings and attitude which
regularly accompany both of these. Three groups of
fluctuations occurred.

(a) Regular and irregular fluctuations in attention
and effort occurred throughout the course of every test.
The regular fluctuations which occurred were the initial
and final spurt in effort (Anfangs—und Schlussantrib),
previously observed by Rivers and Kraepelin, Lindley
and others (pp. 168-175). In addition to verifying their
results about this variation 1n effort our experiments
showed that this imitial and final spurt in effort was
only present for the periods of practice showing rapid
improvement. For the stages where the “plateaus™ in
the learning curves appear and where the longer regu-
lar lapses in attention and effort occur no Antrieb and
less “warming up” occurred (p. 174). But in addition
to these regular variations in attention and effort there
were irregular fluctuations lasting from a half to one,
two or three minutes of a test, short periods when the
learner’s efficiency was very much decreased in every
respect. The effect of these lapses in ethciency on the
work, the manner of their appearance and disappear-
ance, the fact that they were wholly beyond the learner’s
control and were repeatedly accompanied by definite
changes in feelings (p. 166) suggest fatigue as the chief
factor in bringing them about. Not the fatigue occa-
sioned by the difhculty of the work alone but that
brought on by other causes and depending on the gen-
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eral hvgienic condition of the learners at the time of
the test.

(b) Marked variations in attention and effort also
occurred from day to day, fluctuations revealed by the
experimenter’s and learner’s notes, by the number and
kinds of errors made, and by the pulse curves. These
lapses in spontaneous attention regularly followed
bv relaxed voluntary effort or, in rare cases, by in-
creased effort recklessly and ineffectively applied to the
work. With these variations regularly went a notice-
able dearth of incentives to voluntary effort, dehnite
changes 1n the learner’s effective tone, sometimes
marked changes in his physical condition, a relapse into
older and more primitive methods of writing, and the
complete mmability on the part of the learner to control
or remedy the defect in ethciency produced—facts
which strongly suggest that the daily fluctuations in
attention and effort, like the momentary Huctuations,
are indices of the learner’s general neural tone, and are,
therefore, produced by variations in his general mental
and bodily condition on that day. This, together with
the operation of the law of habit, which allowed the
general effects of a good or bad day to accumulate and
aftect the following day, i1s responsible for the daily
fluctuations in attention and effort. They are related
to learming in two principal ways: (1) They help to
bring about the longer lapses i attention and effort
which occur at irregular intervals throughout the course
of the practice (pp. 182-183). (2) On a bad day when
spontaneous attention is relaxed 1t i1s prohtable to drop
down to a lower plane of work, one suthciently low for
the work to be done correctly.  Only on the good days
1s 1t profitable for the learner to “sprint” or try hard
to push himself onto a higher plane of work.

(c) Of sull more importance for learning are the
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regular and irregular lapses in attention and effort
which occur at different stages of practice. At certain
irregular intervals definite periods of relaxation oc-
curred, “breathing places” lasting from five to eight
days. Anything that retards success temporarily, which
dampens the learner’s ardor and enthusiasm, and so
takes away some of the spontaneous and voluntary
incentives to effort, brings about a temporary lapse in
attention and effort which by the law of habit may be
prolonged for a period of several days (p. 182). These
irregular lapses in attention and effort were regularly
terminated by the operation of some special incentive
to effort.  Only when the relaxation comes on the verge
of the longer regular lapses 1s 1t serious for learning as a
whole. At such a time they regularly tend to produce
the more serious lapses 1in attention and effort which
occur at the “critical stages.” These regular lapses in
attention and effort have a different cause and should
be carefully distinguished from the irregular lapses. At
certain definite stages of advancement, where a special
habit or a group of special habits 1s being hnally per-
fected two strong and natural tendencies are manifest.
(1) Attention naturally drifts away from the work as a
whole. (2) The details becoming automatic are shghted
in this last stage of their development, because they
become harder to hold in attention. This combination
of natural causes brings on the longer periods of relaxa-
tion in spontancous attention and effort which regu-
larly tend to occur at the “critical stages™ in the learn-
ing. We say “critical stages” because the learner 1s
specially liable at these stages to be caught by one or
both of the following tendencies: (1) To let his atten-
tion drift to outside interests as it naturally tends to do,
instead of forging ahead and pushing himself onto a
higher plane of work as fast as possible; or (2) he may
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push himself along too fast, neglecting to give the shght
attention to the details still needed to properly master
or perfect them. The learner may, however, meet
successfully every tendency to lag and to push ahead
too fast and keep his progress continuous (pp. 224-225)
as all our subjects did at some of the critical stages.

This fact, that attention tends naturally to leave
every association in the last stages of its development,
where 1ts growth 1s slow, and the work as a whole when
improvement becomes shight has important practical
significance for learning.  As long as any gain is made
and further progress or acquisition is possible the
activity or work naturally holds the attention and
awakens interest.  Continued attention or application
1s assured by the pleasurable feclings and favorable
attitude which always accompany success. The organ-
1sm as a whole naturally tends to continue the activity
as long as improvement is made. When progress stops,
the activity (mental and physical) becomes disagreeable
and attention goes elsewhere.,

3. The fluctuations in attention and effort just de-
scribed were regularly accompanied by definite changes
in the learner’s feelings and atticude, and by an increase
in certain kinds of errors both of which influence the
learning.  When lapses in attention and effort occurred,
more mistakes were made, the kind of errors made being
a true index of the kind of fluctuation which occurred
(pp. 160-164). The mistakes always had a hureful
retroactive effect on the development of the associations
to be formed: (a) By further aggravating the Huctua-
tions themselves, cither by calling attention to them-
selves (1. e., the mistakes) and so taking it off the work,
or by filling the mind with unpleasant feelings on their
account, or by both. (b) By the practice in error,
which they involve and which in the future interferes
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with the free action of the associations underlying cor-
rect writing. The correlation between the learner’s
general affective tone or attitude and his ability to do
and to learn was so close that if one had a complete and
accurate record of the changes that occurred in the
former he would have an accurate criterion for measur-
ing his efhciency and progress. A high degree of spon-
taneous attention was always accompanied by a pleas-
urable feeling tone; a failure in attention and effort by
feelings of displeasure and disgust. The exercise of
voluntary attention when successful, developed a sim-
ilar favorable attitude and was always accompanied or
immediately followed by feelings of pleasure; if wrongly
directed and unsuccessful, this fact aggravated the
already unfavorable mood and was followed by feelings
of displeasure. Whether the feelings and mental atti-
tude of the learner gave rise to the fluctuations in atten-
tion and effort and the consequent failure or success, or
whether the fluctuations in attention and effort caused
the changes mn feelings, or whether both were a joint
effect of a still more fundamental cause, could not be
determined from any data obtamned. So far as our
facts go they show that the feelings do quite as much
toward inducing and emphasizing certain fluctuations
in attention and effort as vice versa. The feelings were
a perfect index of the learner’s psycho-physical efhciency
and of how his attention was working, and always had a
stimulating or retarding effect on every part of the
work (pp. 201-2006).

That the sensations or feelings aroused during a test,
as well as the total effects of the practice on any par-
ticular day, should accumulate to form the attitude or
mood with which the learner approached his work on
the following day, and the further fact, that the daily
feelings and moods aroused by the work should regu-
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larly accumulate to form the attitude towards the work
for different stages of practice, 1s as interesting as i1t
seems signihcant (compare pp. 206—207).

These fluctuations in attention and effort are respon-
sible for the variations in our learning curves, from min-
ute to minute, from day to dayv, at the “breathing
places™ and at the *critical stages.”

The minute and daily fluctuations are doubtless
unavoidable. The lapses in attentiun and effort which
occur at the “breathing places™ and the “plateaus” in
the learning curves may be eliminated; there is nothing
n thtu cause that may not be successfully met and
some “plateaus” were successfully eliminated by our
learners.

The results of our memory tests give special empha-
sis to the importance of the time intervals in learning
and open up the whole problem of determining the most
economic periods of work and rest for all kinds of learn-
ing. The marked gain shown by our second memory
tests was primarily due to the dm:ppmmnu with the
lapse of time of innumerable hindering psycho-physical
associations or tendencies, naturally built up in the
course of the practice. These with the lapse of time
dropped out and left the more firmly established type-
writing associations free to act. When it is recalled
that at the “critical stages” these hindering associa-
tions and tendencies develop, or tend to develop in
great masses, and that the feelings which further
hamper the work tend to accumulate, and when 1t is
remembered further that great effort 1s required to
push the learner onto a higher plane of work, the signifi-
cance of vacations for learning becomes apparent. A
period of rest not only removes the ennut or fatigue for
the work as a whole and the incipient bad habits of
attention and the interfering associations to which the
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fatigue and the work gives rise, proper intervals of rest
may allow for a natural neural growth or setting of the
habits to be formed that would be more helpful for their
development than further practice, even though 1t be
careful and correct. One of the most important prob-
lems for all learning i1s to determine that proportion of
practice and rest which will give the best results and to
determine more accurately than has hitherto been done
what this rest period means for the learner. That such
a period 1s helpful as giving an opportunity for the
dropping out of the interfering associations and wrong
tendencies which accumulate in the course of the acqui-
sition of all complicated sorts of skill seems certain.
Besides determining the special habits of every kind
and order involved in the mastery of typewriting and
showing concretely, by a minute history of the learning
process, how these habits were developed and perfected
as successively organized and recombined into associa-
tions and habits that bring the learner always more
directly and economically to his goal, this study has
shown the important role played in the learning, by
effort and hygiene. Two facts stand out above all the
rest: (1) All special habits and associations mnvolved
in the mastery of typewriting must be carefully per-
fected. (2) They must then as rapidly as possible be
outgrown and give way to higher and more direct habits
of writing. Brvan and Harter were right when they
said: “We believe that by no device 1s 1t possible to
gain freedom in using the higher-order habits untl the
lower have been so well mastered that attention 1s not
diverted by them.” Theyv suggested a truth of stll
greater importance when they added: “It 1s, neverthe-
less, wise at all times to practice with the highest units
possible, and thus learn all the units in their proper

setting” (Psy. Rev., Vol. VI, 1899, p. 368). The older
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elementary habits tend naturally and strongly to per-
sist (pp. 128-129) and must be left behind as rapidly as
possible to prevent arrest. To try to crowd ahead
before the elementary habits are suthciently mastered
to make safe the taking of a forward step, or to fail to
perfect the elemental associations which must be com-
bined to form the higher and more direct methods of
writing, 1s fatal to progress or interest. To be caught
bv the law of habit and continue to think or work on a
low plane when new possibilities of improvement lie
ahead 1s just as fatal. It 1s, therefore, imperanive that
the learner should always practice with the highest-
order habits he can use. But he must not try to go too
fast. Great effort wrongly or carelessly applied 1s even
more detrimental to progress than a simple lapse in
attention and effort. Since all the special habits to be
formed must be rehigiously guarded in the last stages of
their development to be thoroughly mastered, and since
these habits are developed simultaneously and literally
perfect each other, and since intense effort 1s required
to make a forward step, the vital problem in learning
resolves itself into making the right use of attention and
determining how fast to push ahead. The tendency to
slight the associations in the last stages of their develop-
ment and to push ahead too fast, can, of course, best
be overcome, in typewriting, by not always practicing
at maximum speed, for the effort for speed usually
means that attention deserts the details of the work.
To perfect carefully the elemental associations it will,
therefore, be found better practically, to practice most
of the time for accuracy alone and only a small part of
the time for speed, a custom generally followed by the
best typewriting schools. This would insure the per-
fection and mastery of the elemental associations and
habits.  But it is just as essential for progress that the
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learner should push along as fast as he can and so
develop all the habits in their proper setting and avoid
falling into a habit of laziness.

' The present study has shown that a learner’s equi-
librium of efhiciency varies greatly for different stages
of practice. At certain definite stages of advancement
where a special habit or group of special habits is being
perfected the learners are especially hable to settle
down to a rate of work far below their highest possibility,
the low rate of efhiciency tending to become habitual.
In a laboratory experiment in learning and doubtless
in all actual learning of the school, the learner’s energies
in spite of all good will to the contrary are not taxed
to their utmost except for a very small part of the time,
perhaps never. At certain stages of advancement,
especially, the learner 1s apt to work far within the limit
of his best endeavor; he does not work at his maximum
rate. His powers of inhibition and control, his ability
to manipulate and control his attention, all his mental
processes are much contracted, and a habit of working
below his optimum possibility is formed; and this
occurs because the natural and strong spontaneous
stimuli afforded by the work disappear and no special
incentives are made to take their place. The learner’s
energies, which might be brought to bear in mastering
the task are not called forth, an absolute necessity if the
learning 1s to go on at 1ts best rate.

In forced learning, such as 1s artificially undertaken
in the laboratory or schools, the strongest natural
incentives to endeavor, such as are afforded by the
emergencies of life, are lacking, and not the least prob-
lem connected with educational work 1s to ind incen-
tives to effort which will call forth all the energy that
may be brought to bear on the mastery of the subject
studied. That such special incentives and stimuli must
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be found and used if learning is to go on to the best
advantage seems certain from the facts which precede.

The role and significance of hygiene for the learning
can hardly be over-emphasized. It was found in this
study that the number, length, succession and serious-
ness of the irregular lapses in spontaneous attention and
effort that occurred throughout the course of a test
depended not alone upon the difficulty of the work, but
more upon the hygienic condition of the nervous system
and of the body of the learner at the time of the test.
It was also found that the fluctuations in ethciency
which occurred from day to day meant variations in
the general mental and bodily conditions of the learner,
that the easiest way to regulate and control them was
by an improvement in the learner’s general neural tone
induced by sleep, rest, exercise, food, change of attitude
or mood, by the selection of more favorable weather
conditions or by anything else that would improve his
hygienic condition. It was found further that these
daily lapses in attention and effort were responsible for
the longer irregular lapses at the “breathing places” in
the curves (pp. 182-185). These facts taken with the
following; namely, that the learners could do nothing
directly (i. e, by sheer act of will) to control these fluc-
tuations in attention and effort; that the forward steps
in the learning were made quite unconsciously, the
organism adapting itself to the conditions presented
with little help from consciousness; that new adapta-
tions were made only during a good pertod and on a
good day when attention and effort could be sponta-
neously and vigorously applied to the work— these facts
indicate clearly the significance of hygiene for learning
and the partcular role it plays. It is not what the
learner would like to do, but what his mental and
physical condition at the time of study or practice will
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let him do, that is important for determining his prog-
ress. T'he process of learning typewriting is something
like mowing a field. The farmer takes out his machine
to cut his grass. He can only keep his machine in good
condition and wvigorously applied to the work; the
machine does all the rest. It does its own work in its
own way. How well it works depends upon the nature
and condition of the machine. So with a learner in
typewriting; he begins to learn to use the typewriter.
How well he does the work, how rapidly he improves,
depends, (1) upon how strenuously he keeps himself
applied to the task, (2) upon the learner, the mental
and physical condition of his organism. He must keep
himself 1n perfect condition and strenuously applied to
the work; the organism does all the rest. He needs but
to consciously lay hold of and make proper use of the
adaptations that are unconsciously fallen into, the
habits and associations formed. All this suggests that
if one wants to improve at the most rapid rate, he must
work when he can feel good and succeed, then lounge
and wait until it is again profitable to work. It is when
all the condit’ons are favorable that the forward steps
or new adapta:ions in learning are made. Whether the
older associations are at such a time also more rapidly
perfected or whether monotonous practice will answer
as well in stimulating their growth we cannot say.




APPENDIX

NOTE ON PULSE AND EFFICIENCY
CURVES

As several times indicated in the text of this study, the
efficiency or work curves given in Figures 6, g, 10, 11, 12,
13, and 14 were determined by totalling the number of strokes
made in each separate minute of all the tests and dividing
by the number of tests. The pulse curves were obtained by
totalling the working pulse rates for each separate minute of
all the tests taken or represented by the period of practice
for which the curves were drawn, and dividing in each case
by the number of tests replescntcd Mean vanations for
the averages represented by these curves have not been
given because they would give no sort of indication of the
reliability of these averages and would be misleading. The
pulse was so materially influenced by the weather, as the
season and tests progressed (compare ll"ahlf: V, p. 183), that
the M. V. for the pulse averages would clearly be unreliable
and misleading. The M. V. for the averages representing
the amount of work done in each minute of the several tests
would be more misleading still and wholly useless for show-
ing the reliability of our averages. The increase in skill frmn
week to week and month to month would make the M. V.’s
here abnormally large. That our curves do, however, shuw
the effect of a constant factor may be inferred from the fact
that the M. V.'s worked out on a percentage basis for the
two shorter periods of practice (Z’s regular 5. M. practice,
and for Y’s writing of a practice sentence) gave no indica-
tions of responsibility for the variations shown by their
etheiency curves. We have, therefore, assumed without com-
plete numerical proof that our work and pulhc curves do
represent the mfluence of a constant factor. A careful com-
parison of the tables from which the data for the averages
was taken (compare sample records, Table 1V, facing p. 168)
gave unmistakable evidence that this was the case. Com-

249
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paring the variations in our curves with the figures of the
tables and determining the tendency to correlation, ie.,
counting the cases to determine the relative number of times
in which the original data for the pulse and efficiency curves
showed a change in the same direction, a strong positive
correlation was found for the important variations in all our
pulse and efhciency curves. If the variations shown by our
averages had been due to accidental factors, this would not
have been the case.
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verihed by objective records
and facts, 15.

Instinct of learning, evidence
for, 241.

Johnson, on role of effort in
learning, 126.

Keyboard, diagram of, used in
experiments, 28; made to-
tally invisible in T. M. te::tu.,
12; how learned in T. M. 2
29; in S. M., 69-70.

Keys, see “Locating Keys.”

Kraepelin, on determination of
economic periods of work, and
rest, 141; work curves, 168.

Learners, taking p.lrt In experi-
ment, regular, 8; special, 9;
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kept ignorant of scores, 10;
their need of teacher, 202;
uncertain judges of own eth-
ciency, 181 (note).
Learning, need of getting com-
pleu_ psychological |113t::nr1.-' of,

2, 4; learning by S. M. less
economical than by ¥ M.,
59-60. _

Leanung consciousness, sce

L}
LDHRI’. 1I0LSNCSS.

Learning Curves, drawn on
basis of number of evaluated

strokes made on machine, 17;
general characteristics of, de-
scribed, 19-23; meaning of
total rise, 115; hrst rapid and
later slow and gradual rise
explained, 136-137; vana-
tions 1n, explained, 210-215;
individual curves explained,
220-223; but an incomplete
measure of learner’s progress,
"*5-::33;1:‘nmpure;1|,=su“lirt;|l:h-
g Places” and “Plateaus.

Leuba, on order of acquiring
habits, 117; on economic
[!'Ll‘lﬂdh of work and rest, 140;
on analysis of learming con-
sclousness, 3.

Letter Associations, defined, 38;
development of, 27-29; hnal
perfection of, very slow, 39-
40; their perfection marks
hrst critical stage in learning
typewriting, 44.

Lindley, on economic }‘wriuds of
work and rest, 140; on motor
phenomena of mental effort,
8 (note).

Locating Keys in earliest T. M.
nriting_ 30; this early method
improved upon, 34, 35- 16; 1In
mmr{] association stage, 50-52;
in expert stage, 57-58.

Locating Keys in 5. M. writing,
easy in early Stﬂf_{m, 59; how
eyes find keys in earliest writ-

ing, 69-71; 1mproving this
early method, 72; wvisual
direction slﬂ“I} superseded

by method of motor-tactual
control, 76; keys in expert
stage located same as in T. M.
writing, 86; wisual direction
drops out very gradually and
for last letters of words first,
72, 80; development of motor-
tactual associations slower in

S. M., 8o-81.

Marsh, on diurnal changes in
e:fﬁcu:ncy, 177 (note).

Memory, importance of, for
learning, 140.

Memory Tests, experiments,
101; results, 101; explanation
of gain shown by, 105-107.

Meumann, E., on role of effert
In Ir':rnmg, 126.

Mistakes, precautions taken to
avoid, 160; an index of
Huctuation in attention and
effort, 160-161; increased at
“critical stages,” 161, Fig. XV,
192; kinds and number made,
an index of variations in at-
tention and effort, 162-16%;
relation  to lf:armn;.,., 163;
cause and psychological im-
portance of, 162-163.

Moods, formation of, 183; in-
Huence on learning, see feelings.,

Motor-tactual Control, dfuln -
ment of, less economic in 5. ""rj
learning, co-60, 8s.

Motor-tactual Image, develop-
ment of, for simple letter-
making movements in T. M.,
35-38; diffe rently developed
by X and Y, 37; touch dis-
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crimination important in de-
velopment of, 37-318; stages
in development of, 43; slowly
perfected, 38-39; easily for-
gotten, 39; slowly discarded
when of no further use, 413
development of, for words and
phrases, 52, 57.

Muller and Schumann, on ex-
planation of final mnise In
efficiency curves, 172.

Neural Growth, evidence favor-
ing theory of, 109; inadequate
to explain gain shown in
memory tests, 107.

Phenomena influencing learn-
ing, 138-210.

Physiological limbering up, 146,
148.

Plateaus, described and pic-
tured by learning curves, 18;
belong to definite ]evels of
advancement, 2I1-22; cause
of, 213-214; c—xplanatiun of
individual plateaus, 216-217,
220-225; not a l"lECEbSi[T 201,
219-220; meaning of rise
from, 21€; tendency to, for-
mation, 218-219, what goes
on in consciousness during,
216-217; natural lapses in
attention and r:FFort at, see
““Critical Stages.”

Phrase associations defined, 53-
t4, 81; development of, 57-
58, 83-88.

Practice sentence, tests on writ-
ing a, 12; typical curves for,
153, 154; individual curves
explained, 223-224.

Pulse, method of getting normal,
6; influence of weather upon,
183 (note).

Pulse Rate, meaning of increase
n, lﬂﬁ-rﬂt:r, average INcrease

in, correlated with learning
curves, Fig. II, 18, Fig. XV,
192.

Pulse Curves, method of deter-
mining, 144 (note), 249; cor-
related with work or ethciency
curves, 144, 156, 159, 170,
173, 1?4, 175.

ose of Study, stated,
explained in light of prevmui
investigations of learning, 2-
4; difhculty realized, 4.

Relearning, kind required in
memory tests, I0I-I05; not
recapitulatory, 104; r.ipndlty
of, 104; a daily relearning
found, 141: which varies with
stage u? development, 143;
amount of loss incurred
not determined, 143; its im-
portance for learming, 149.

Seashore and Kent, on attention
wave (note).

Short-circuiting, general method
of, operative in learning type-
writing, 26-27, 233; specific
illustrations of, 31-38, 48-350,
71, 73-74» 76-79, 83-84, 85;
developing an  economical
method of, 89-9go; necessary
conditions for, 124-125; 1m-
portant facts pertaining to,
234.

Spelling, the mental, a means of
initiating and controlhing order
and sequence of writing move-
ments, 3I; in letter associa-
tion stage of T. M. writing
not ru]ulrud 12-33; In word
association stage a ‘:mn‘nnvnt
return of, 44; n l:l:rh' M.
writing required, 71; in word
association stage letter by
letter method of, superseded
by a group spelling, 48-49, 733
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pronouncing letters drops out practice sentence writing,
for last part of words hrst, 225

74-75; the group spelling
slowly replaced, 1n expert
stage, by an unconscious
““touch spelling” for both

methods of writing, 57, 83-85.

Spontaneous Attention, varia-
tions 1n, 164, 177, 100, 193}
see .I|‘€t’]| “Attention.”

Stages, word as applied to
learning typewriting, a mis-
nomer, 27 (note).

Steps, required for earliest T. M.
writing, 31; for S. M. wniting,
59 (note), 72.

Subjects taking part in experi-
ment, see “Learners.

Swift, on retention of skill, 1or1
(note); on order of acquiring
habits, 117; on cause of rapid
rise from plateau, 107, 215.

Syllable and Word Associations,
development of, 44-52, 72-80;
final perfection ofmarckssecond
“crninical stage™ 1n learning
typewriting, 53, SI.

Table I, facts in history of ex-

periment, II.

II, shows results of memory
tests, [OI.

I11, shows lapse in attention
and effort at critical stages,
152.

IV, gives sample test records,

selected at random from
original tables, 170.
V, shows average normal

pulse for months of prac-
tice, 183.

VI, shows lapses in artention
and effort at ‘“‘breathing
places,” 186.

VII, shows lapses in atter
and effort for plat

Teacher, learner’s need for, 202;
specthe role of, in economical
learning, 136, 220.

Tests, time of taking, 13, 100.

Teouch Discrimination, how de-
veloped, 40, 81.

Typewriter, kind used in experi-
ments, 5.

Vacations, value and significance
of, for learning, 112-113.

Variations in curves, see “Learn-
ing, Efhciency and Pulse
Curves.”

Visual image of keyboard, how
acquired by Y, 27-28, by Z,
69; by X, 69-70; used by Y
and Z in locating the keys,
28, 69; not used by X, 69, 70
(note); slowly disapprars
yvond recall when of no further
use, 29 (note), 70, 77, 101-102.

Voluntary efficiency, variations
i, 165 (note), 179-180; see
“Effort.”

Warming up, dehned, 140;
curves illustrating, 145; de-
scribed by learners, 146-147;
not under learner’s control,
147; did not occur every day,
147-148; 1ts general signih-
cance for |Lu|rn1ng, 149-150;
characterized by disappear-
ance of dithculties and marked
increase in blood supply, 149;
noticeably  lacking  during
practice r:pnhulru] by pla-
teau, 172-177.

Weather, e¢ffect of,
187 (note).

Work curves, sece
Curves.”

Writing, all regular, from copy,

on pulse,

”Efficiency

O¢' 3-14.
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