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THE PSYCHOLOGY OF READING

CHAPTER 1
INTRODUCTION

The motor tendeney or actual movement of the eyes in response
to changes in the direetion of thought, as in the imagining and reeall
of different extents of space and loeality, has been a particularly
good illustration of the ideomotor theory of mental aection. The sig-
nificance, however, of the {act itself for a general study of the in-
telleetual processes involved has been but little appreeiated. The
relation is well exemplified in the reading movements of the eyes,
their automatie and reflex eharacter and their usual freedom from
voluntary control making the dependence partieularly elose and
worthy of study. These movements are not only subject to the in-
fluenee of the direetion of thought as words and phrases are read
and assimilated, but they are also directly eoncerned in the sensory
processes of perception. The peculiarly jerky and interrupted form
of movement, which is more exactly a series of alternate pauses and
movements, is due in part both to the requirements of apperception
and assimilation, and to the physiologieal limitations of pereeption.
T'his twofold relation of these movements to eentral activities, on the
one hand, and, on the other hand, as the necessary accessory to a
peripheral organ of sensation, gives them an intermediary position
between sensation and recognition and between thought and motor
expression, which is of partienlar interest for the enes or indices
which a study of them may give of some of the workings of the
mind.

If, for example, the attention pauses upon some word or phrase,
singles ont some misspelling, passes hurriedly over a eommonplace
of thought or a familiar phrase, or again lingers on the difficult
parts of the sentenee, we shall find some indication, at least, of these
facts in the varying duration of the pauses and in peeuliarities of
the movements of the eye. If, in the second place, there are among
the diversity of methods of printing and the ingenious deviees and
arrangements of the printer some which are naturaily better snited
to the physiological limitations of vision, it is to be expeected that
differences in the ease and rapidity of eye movement may point to
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CHAPTER 11
HISTORICAL SUMMARY

The introspective evidence of what the eve does in reading is
ordinarily very meager, although there is much here to show
that the differences among individuals are mueh greater than
has been suspected. Most of us are vaguely aware of the sensa-
tion of the return sweep of the eye from the end of one line to the
beginning of the next line, but have no feeling at all—even when
the attention is directed to the proeess—of the movement as the
line is read.!

Lamare and Javal® seem to have been the first to record the ob-
servation that the movement of the eye in reading was by little
jerks and not a continuons movement aeross the page. By means
of a sound attachment to the npper eye-lid they were able to ecount
ronghly the number of these little jerks by the faint sound which
was made as the eye-ball moved against the eye-lid? Landolt
studied these movements by direet observation of the eye. ‘‘He
had his subjects read slowly and was thus able to count the jerks.
He found that an average of one and fifty-five hundredths words
were read per fixation at a distanee of 30 em. Heading of a for-

'Erdmann and Dodge (Op. cit, Chap. 1) cite an instance which is
probably by no means common, where the movement was felt as a serles
of rhythmically interruptéed movements and the interesting suggestion
le made that the local sign theory of Lotze gives evidence of such a
highly developed motor conscionsness. It s not improbable that our

motor theories of feelings of Innervation have a similar individualistic
hasis.

* Annales d'Oculistigue, 1879, Tome LXXXIL p. 252 (note).

“D'aprés des recherches entreprises par M. Lamare dans notre labora-
toire l'oeil subit mome plusieurs saccades dans le courant de chague
ligne, environ une par 16 a 18 letires de texte, I1 est probable gque chez
le myope, a chacune de ces saccades de 'oeil répond une variatiom brusque
de 'accommodation.”

Mo evidenee has been adduced to support this assumption of Jawval,
that there is a change of accommodation with every “jump’ of the eve.
This ia certainly not the explanation or cause of the halting movement
of the eyve,—as might be implied by this statement, because, of eourse,
movements of the widest extent can be made without ‘halting.” The
explanation is, doubtless, that proposed by Erdmann and Dodge, i. e., the
lack of perception during movement. It may be further questioned
whether a change of accommodation occurs at every pause. The change
in accommodation after a large angular displacement of the eye must, of
course, be greater than after a small movement, and the time necessary
to make this adjustment in the former case would presumably be longer,
but this is not found to be the case,

! Compare Huey, American Jowrnal of Pspchology, X1, p. 286,
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eign language required more fixations, as did the reading of dis-
connected words, of numbers, and of lists of proper nouns, '™

These interesting observations were further extended and first
given significance by the extensive investigations of Erdmann and
Dodge* By a similar method of direet observation, the movements
of the reader’s eve were recorded from the refleetion in a mirror.
It was found that an average of five fixation panses per line was
made by one subject (D) in reading a page from Locke's Es-
say, (width of line 8.3 em.) and an average of eight pauses per
line was made by E in reading from Helmholtz’s Physiol. Optik,
(width of line 12.2 em.). The variations from this average were
small. The main conelusions from their varied experiments are
the following: A larger number of paunses are made in difficult
than in comparatively simple narration, and the simpler the text
the more nearly equal are the pauses and movements. Similarly
a longer time and more pauses are necessary to read a foreign lan-
gnage than to read one’s own langnage. The same is true when
the attention is directed to the text, as in proof-reading. The
average angle of movement between two successive pauses varied
from 3° 54" to 5” for difficult or unfamiliar passages of the above
cited books, and from 4° 147 to 5° 36 for familiar passages. That
i8, in either case® the eye does not reach to the very edee of the
line, but the first and last fixations fall within the line. The first
fixation eomes mearer to the beginning of the line than the last
fixation to the end of the line. This distance, as the angle of
movement shows, is lessened in the more difficult reading.

On the basis of the measurement by Dodge, by the Lamansky
method, of the angular velocity of the eve’s movements, and on the
assumption that this veloeity holds good for the movements of the
eye in reading, it is argued that from 13 to 3% (aceording
to the individual) of the reading time is consumed by fixations,
and that the recognition of letters is not possible in the remaining
short intervals of time, and must, therefore, take place only during
the fixation pause proper. This conclusion is of first importance
for the theory and further study of pereeption during reading.
The experiments and reasoning on which it is based will be pre-
sented in detail and disenssed in a sueceeding section, in connee-
tion with further measurements of the relative duration of fixation
pauses and movements proper.

! Quoted from Huey, Vol. X1, p. 286. The article of Landolt (*Archives
D'Opthalmologie, IT (1891) pp. 385-395) was not accessible to me at the
time of writing,

20p. cit., Chap, 1, pp. 36-T6.

' Op. eit., Chap. II.
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The first snecessful attempt at direet registration of the move-
ments of the eve and the first exact measurements of the number
and duration of the fixation pauses were made by Huey.

Huey recorded the movements of the eye by a direct attachment
of a plaster of Paris eye-cup and aluminum pointer (Delabarre
v}'v-rﬁ:p] to the cornea of the reader’s eye. The records were made
upon the smoked drum of a kymograph, upon which also a time
record was written. The weight and ineonvenienee of the eye-eup
was not believed by the writer and his subject to interfere seriously
with the conditions of normal reading. The average number of
fixations per line in 30 lines of the American Journal of Psy-
chology thus recorded was found for two subjects to be 4.8 (M. V.
) and 4.5 (M. V. .6). These readings were about the ordinary dis-
tance (33-35 em.) from the eye. Doubling this distance did not
inerease the number of fixations and deereasing the size of type
(from 10 to 8 point) had but little effect. The velocity of move-
ment for the average interfixation are (the latter was found to be
from 3° 217 to 4° 14") is given as 41.8¢ to 48¢. The mean varia-
tion 18 estimated at not more than 59%-69. The time oeeupied in
the reading pauses is naturally found to be much more variable.
The average of one passage was 190.9¢ with a mean variation of
48, 6. The inerease in the speed of reading is brought about
“*solely, or at least mainly, by decreasing the number and duration
of*the reading pauses.”” The average number of words read per
fixation in lines of different lengths varying from 121 mm. to 21
mm. show a slicht advantage for the short line. The largest num-
ber of words (3.63) was read in a line of 60.5 mm. in length, but
there is very considerable variation and no attempt was made to
analyze further the cause for these differences.

In these experiments of Erdmann and Dodge and Huey as well
as in investigations of Cattell,* Zeitler, and others, and more re-
cently of Messmer* and Becker® with the fall chronometer and
tachistoscope, the differences between the extent of the field of ap-
perceptive attention in reading and the psychological possibilities
of pereeption have been emphasized. While it is possible, as has
been shown by these investigators, to see the whole of a line of
about the width of this page in from two to three separate expos-
ures, the number of fixations ordinarily made is at least double
that number. One of the more evident reasons for this difference

L American Journel of Psychology, Vols, X, X1 and XII.

* Cattell, Phil. Studien, 11 and IIL Wind, X1, Brain, VIIL

' Feltler, Phil. Studien, XVI, 280-465.

¢ Archiv Messmer, fiir die Gesamte Psychologie, Bd, 11, Heft, 2 u. 3.

* Hecker, Zeitschrift fiir Psychologie w. Physiologie der Sinnesorgane, Bd.
36, Heft, 1 u. 2.
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i= that in reading the recognition and assimilation of words must
go on at the same time that the sensations are received, whereas
in the experiments with the fall exposure apparatus the former
processes are completed only after the end of the period of sensory
exeitation. But, even thus, it is quite coneeivable that the eye
might single out the two or three most advantageous positions in
the line for perception and remain there until the words read were
sufficiently well reeognized and understood, and then proceed to
the next point of vantage. Such a procedure would give a regular
and uniform mode of reaction, and if we wished to teach our ehil-
dren how best to read, the physiological diffienlties which at pres-
ent receive little attention would perhaps be overcome, when we
had trained a series of motor habits which would vary only or
mainly according to the different lengths of line. That the actual
method of reading is quite different from this is no evidence that
it is the best or only possible way. It is certain that reading on
its physiological side at least is artificial to the extent that it is
dependent on eonditions that have been developed with little direet
reference to the physiology or psychology of vision. What the
effect is of some of these latter conditions upon the more purely
cognitive and perceptive proecesses can perhaps be determined by
a more detailed analysis of the eve movements. The average
lengths, general location of the fixation pauses, and the average
rate of movement have been given in the works already outlined,
but before many of these questions regarding the reading process
can be answered with any certainty, it will be necessary to plot
the location of the separate pauses with greater aceuracy, and to
compare the lengths of the individual pauses,—when the various
characteristics of the printed page and its subjeet matter are
varied under experimental conditions,—with the appereeptive char-
acter of the words being read. This has been attempted in the
following pages. The methods and apparatus and the lmits of
accuracy of the measurements are discussed in the following section.









CHAPTER 111
MeTHODE AND RECORDS
§ 1. Methods and Apparalus

The means which have been employed for registering the move-
ments of the eye is the photographie method of Prof. R. Dodge, and
the apparatus (Cf. Plate I) used is a modification of the Dodge
falling plate eamera." Photographs are made by this method not
of the movement of the eyeball itself, as such photographs are not

DESCRIPTION OF APPARATUS. PLATE L

ArparaTrus, Line drawing, as seen from above. AA, head rest. B,
Dodge taling plate box. C, extension bellows. P, perimeter. The pen-
cil of light rom the lantern passes through plates of blue glass (2), and
is reflected from the cornea into the lens of the camera (4). 3. Book rest.
5. Eleectrical connections with magnet of spring pendulum,

B. wvopceE Farlxe PLATE Box, as seen with side of box removed.
6. Plate wolder. It is supported by a piston rod which plays into cylin-
der of oil, and iz released in its fall by opening a wvalve (a) in the bot-
tom of the cylinder. As fast as the oil Is forced out, it is returned by
means of a vent pipe (8) into the top of the cylinder. Any lateral move-
ment of the plate is “taken up’ by a spring and guiding raile (7). The
gensitive plate Is successively exposed as it passes by the aperture (13).
The fall of the plate breaks the electrieal connection at (10) and releases
the spring pendulum from its magnet (11).

AA. Heap Rrsr. See text for description.

Expanagrn HEcorD. The original record wasz enlarged about twenty
times. This drawing has been reduced in reproduction about ten times
so that it represents an actuoal enlargement of the original record of
about two tlmes (ecf. text),

sufficiently differentiated to admit of exact measurement, but of
the movements of the corneal reflection; that is, the eye itself is
not direetly photographed, but the records on the negative are of
the reflection from the eceentrie surface of the eornea of a bright
peneil of light which is thrown upon the eye from the reflecting
mirror of a heliostat, or from some other source of light. The
direet rays of an are-light made parallel by means of intercepting
lenses were, because of their greater constaney and adaptability,
mainly used in these experiments.®* The experiments could then

' For description of the original apparatus and methods see the Pay-
chinlogieal Regiewn, Vol. VIII, pp. 147-1561, and in more recent form in the
Americon Jowrnel of Physiology, Vol. VIII, pp. 308-310.

The light was passed through plates of blue glass, as that added to
the comfort of the reader and admitted the actinic rays.
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be equally well made by daylicht or in a darkened room. The
light was placed at an angle of 30° to the right of the primary
line of regard of the eve, and in the same horizontal plane as the
eve, The eamera itself stood at a corresponding angle to the left
of the subject, and the pages or books to be read were then held
in a book rest at a eonvenient distance (about 30 em.) direetly in
front, so that the angular excursions of the eye to the right and
left were about equal. The reading matter also could be illumi-
nated either by daylight or artificial light as desired. The reading
was binoeular, but the photographs were made of the right eye
only.

The records are continuons photographs of the horizontal move-
ments of the eorneal refleetion made upon a slowly falling photo-
graphie plate of great sensitiveness.

The position of the souree of light must be so adjusted, and the
eve of the reader brought into such a position before the eamera
that, if a horizontal plane be drawn from the centre of the light, it
will biseet the middle of the pupil. coineide with the line repre-
senting the horizontal meridian of the eye, and pass throngh a
horizontal slit eut in the box of the eamera to admit light to the
sensitive film. Tt was not necessary in the investigation to deter-
mine the actual extent of the movement of the eve-ball itself, pro-
vided the corneal refleetion might be considered a true representa-
tion of that movement. That this is the case for a limited area of
the normal eye Prof. Dodge has demonstrated in an as yet unpub-
lished article. (See report of the Proceedings of the Am. Psyeh.
Ass. at Phila.,, Dee.,, 1904, The Jour. of Phil. Psyeh. and Seient,
Methods, Vol. 11, No. 3, or the Psych. Bulletin, Feb., 1905. He
has shown that in the normal eyve the mesial eccentrie surface of
the cornea is a true optical surface presenting no irregularities and
approximates very elosely the spherieal form. The are of move-
ment in reading the ordinary length of line is a comparatively
small one, and it has been possible to keep the reflection at the een-
ter of the cornea, for the shorter lines it does not pass beyvond the
part of the cornea above the pupil and pever reaches to the june-
tion of the cornea with the selerotie, where the inaccuracies are
marked.

The plate holder of the eamera is the most important part of
the apparatus. It is, as just said, movable in the wvertieal plane,
and in its present form is capable of most finely adjusted and uni-
form rates of motion. “*In the original apparatus, the plate holder
[6], was attached to the rod of a piston playing in a eylindriecal air
compressor [8]; the plate eonld fall only as the air escaped from
the eylinder, and the veloeity of the fall was regulated by the size of
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the opening through which the air eseaped. Slight eseillations in
the veloeity of the fall, owing to the elasticity of the air, suzgested
the use of a fluid resistance. The loss of head which wounld nat-
urally result as the fluid was foreed out of the eylinder, was ob-
viated by leading the vent pipe into the top of the cylinder, and
thus returning the oil as fast as it was foreed out, maintaining a
constant volume in the eylinder and rendering the whole deviee
antomatic and clean.””™ As there must be absolutely no lateral play
during the downward movement, a small wheel is attached to each
side of the holder, and they, in turn, are carefully fitted to guiding
rails. Any lateral motion is ‘taken up’ by a small spring to which
one of the wheels is fastened. The rate of fall is governed by the
amount of oil that is allowed to flow through the valve,

The time of the eye’s movement is also recorded upon the fall-
ing plate by means of the oseillations of a spring pendulum which
is released from a magnet by a break in the eleetrie eurrent, cansed
Ly the initial movement of the plate. The pendulum vibrates di-
rectly behind and at the edge of the horizontal slit of the eamera,
and the time line 18 made by the alternate admission and
exclusion of light. The rate of vibration of the pendulum is ae-
curately determined hy comparison with a similar record of the
vibrations of a tuning fork (100 per sec.). This comparison needs
to be made but infrequently as long as the length of the pendulum
remains constant.

Only one other feature of the apparatus needs turther deserip-
tion. The failure to exelude small head movements, as will be
noted later, eaused considerable diffienlty in the experiments. Sev-
eral forms of head rests and various schemes were tried, the most
satisfactory being secured by modifications of the Helmholtz head
rest and mouth pieee.! The head rest proper was eut out of a
single pieee of heavy oak board and seeurcly fastened to the large
firm tahle upon which the eamera rested, and also to the camera
itself.  In order to seeure greater steadiness and firmness the sup-
port on which the eamera was construeted and to which the head
rest was attached was eut from a heavy two ineh plank. This was
in turn seeurely elamped to the table. On each of the uprights of
the head rest AA, two spools of solid brass were fastened, ao and ee,
The two upper and the two lower were conneeted by a strong brass
rod on whieh spools of brass were slipped (¢) and (f). These
could be moved along the bars b and e. Through these brass
hlocks holes were drilled at right angles to the eross rod b and ¢

LOp. cit Americar Journal of Physiology, VI, p. 310,
' Boveral of the lmprovements are due to the kind suggestions of Pro-
fessor Dodge.
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and small rods inserted which could be moved np and down and
were seeured by thumb serews. To the end of the upper rod (d d°)
a cross piece or ‘bridge’ was fastened which could be adjusted to
fit over the bridge of the nose muech like a pair of spectacles. On
the end of the lower rod was elamped a mouth piece with wax im-
pression. This was so made that it could reach to the back teeth
and be held seecurely. The bridge piece and mouth piece when
rightly adjusted served mueh like a vise. The whole mouth piece
and eonneetions eould finally be moved vertieally in the slot 4 and
cecurely elamped by the thumb serews at the desired height, i. e,
&0 as to bring the eve of the subjeet on line with the camera. Com-
plete adjustments in all direetions were thus attained, together
with the necessary solidity and steadiness. A ‘finder’ in the form
of a spectacle loop (f) facilitated in seeuring the right position for
the eve, and was found very usefunl in working with children. The
‘finder’ could be removed when the proper position was seenred.
The head ‘rest’ is somewhat needlessly eomplicated, due to home
construetion.

§ 2. Explanation of Records and the Method of Measurement

If the eye were held immovable during the exposure of the sen-
sitive plate, the record on the negative would be a single straight
vertieal line reaching from top to bottom. Any horizontal move-
ment of the eyve to the right or left wounld, on the other hand, be
represented by an oblique line. In fthe accompanying plates (See
Plates IT and V), therefore, the short straight vertical lines repre-
sent the momentary pauses of the eye in reading, and the short
oblique or wnearly horizontal lines the interconnecting eye move-
ments. The long oblique or nearly horvizontal lines which separate
the vertical lines anto groups of three or more are the return sweeps
of the eye from the end of one line to the beginning of the next.

The extent of the eye’s movement was magnified on the nega-
tive about four times. This was aceomplished in the apparatus, as
eonstruceted for these experiments, by extending the bellows of the
camera several times the foeal length of the lens. The angular
displacement of the eyes as well as the magnifying power of the
lens were thus utilized. The ineidental disadvantage of inereasing
the size of the penecil of rays reflected from the eye and thus secur-
ing a wide and elumsy line for measurement was overcome by ex-
eluding with the diaphragm all but a small bundle of rays erossing
through the center of the lens. A very fine line capable of exact
measurement was thus obtained, and at the same time the con-
trivance had the advantage of allowing larger units of measure-
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ment than the aetual extent of the movement of the corneal re-
fleetion.

The horizontal distanees on the negative which represent the
are of movement of the eye from one edge of the print to the
other, i. e., from the beginning to the end of the line, were deter-

DESCRIPTION OF PLATE Il
(The records are one-half the size of the original.)

Column . Comparison of the vibrations of a Koenig tuning-fork
(vibrating at the rate of 100 beats per second, cl. Plate III, 2) with the
cacillations of the spring pendulum of apparatus which appear on the
right.

2 Bubject T. Record No. IA. reading ‘A license for promotion' ete.

3. " iy i it 2B “  Newspaper column, ‘St. Peters-
burg' ete. :

4 A - -  33B. ' Evolutionary thought ete.

b “ H.. “ “O13B. ‘*  Newspaper column, ‘St. Peters-
burg' ete.

A, 1 =, al i A1, # ‘A license for promotion' ete,

7. 3 =, i 43 A, i Newspaper column, ‘St. Peters-
burg’ ete.

8. = F, cl “49R, $ ‘A license for promotion’ ete.

{8 i F. i 4nA, “  Newspaper column, ‘St. Peters-

; burg' ete.

10, 2 M. ;- “OH0A. 3 Newspaper column, ‘St Peters-
burg’ ete.

11 M M. 1t ‘* B0 B. i News r column second
mﬂ?ﬁ;} T |

LE “ =t L UURAAL Ll ‘T’lif boatewain®' ete., (long

ne j.

13, 2. BL i OGRB. i ‘And this old savage' ete.,
{short line).

14, L] E. 1 " OROR, L "There was between them' ete.,
(short line ).

15, H K. o HOGNA, L "There was between them' ete.,

{long line).

(&) The knife lines which are traced on the extreme right of print
aarlk the oscillations of the spring pendulum.

(b) In records No. 11. Ko. 7, and No. 15 secondary reflections from
the sclerotic which were not excluded in these instances may be detected
to the right of the main record., Note also the long preliminary fixation
in MNo. 10; the slgnal for beginning to read was delaved.

(¢} The variation In the width of the lines of the records is due to
vmall differencez in focusing.

(d) Parallel lines made with a sharp steel polnt and marking the edges
of the page read may be noted In nearly all the records.

(e} For further description. see the text. Hach group of short verti-
eal lines represents the fixation pauses of a given text line, the longer
horizonial lines are return sweeps from the end of one line fo the begin-
ning of the next line.

mined for each passage before reading by having the subjeet fixate
for a moment first one and then the other of two bright needles
which were placed on either side of the page, even with the edges
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of the lines, and somewhat above them. The advantage of such
needle lines for aeeurate fixation has been demonstrated by earlier
experiments. The appearanee on the negative of these two fixa-
tions is of two short parallel lines eonneeted by a single horizontal
line of the eye sweep. The distance between them denotes, then,
the length of the line whieh is being read in terms of the are of the
eye's movement, or more exactly, its corneal reflection.

The method of measurement was as follows: These parallel
lines were extended with o very fine steel point from the top to
the boitom of the negative. In order to find the location of any
fixation pause, it was only neeessary to measure first its distance
on the plate from one of these parallel lines. Its distance from
the edge of the line on the page would then be this amount multi-
plied by the quotient of the length of the line divided by the fotal
distanee between these parallel lines. For instance, the ratio he-
tween the length of a newspaper line and its representation on the
negative was about 11 to 1. Any measurement of the negative
to be put in terms of distances in the line needed simply, therefore,
to be multiplied by 11. The measurements, which were actually
thus made diveetly from ihe plates of the earlier records, are
exact to an eighth of a millimeter. A more expeditions and work-
able method was employved for the larger numher of records. Par-
allel lines of the same distanee apart as the lengths of line of the
pages read were first drawn out on long strips of paper. These
were fastened upon a large wocden sereen before a stereopticon
lantern. The original photographic plates were then placed in the
holder of the lantern, and the records enlarged to the size of the
drawings, that is, so that the parallel lines which had been drawn
on the photographie plates and which marked, as above noted, the
edges of the lines of print, exaetly eoineided with the parallel lines
on the sereen. The records, while thus enlarged by the lantern,
were carefully copied ont in their entirety in a penecil drawing. An
illustration of a small seetion of an enlargement of one of the ree-
ords is shown on Plate 1. The centers of the lines denoting the
pauses of the eyve were then ‘bhrought down' on these drawings by
the use of dranghtsman’s calipers snd square, and loeated on a
line drawn perpendicular to the parallel lines. Finally tracings
of these latter lines were made on transpavent paper. To deter-
mine at what places the reading pauses oeenr in the lines, these
transparent reeords have but to be placed over the lines of the
proper pages. The loeation of the fixation pauses may be studied
through the transparents, or may. finally, be transferred to the
printed page as is done in Section X1. The work of measurement
by this method was most laborious, although not so fatiguing upon
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the eye as that of direet measurement from the plate, but was per-
haps justified by the greater aceuracy sceured. The enlargement
of record, the bringing down of the drawing, and transeription to
transparent paper, and finally to the page of the fixation pauses,
and, in the second plaee, the measurement and computation of the
duration of the pauses, as later deseribed, demanded a minimum
expenditure of between five and six hours time for each record.
The marking of the fixation pauses on the line, save for other
sources of error that will be diseussed immediately, is aceurate
to the limits of a single small letter of a newspaper page.

Abont 150 records have been secured in the various experiments
idleseribed below.

§ 4. Descriplion of the Accompanying Photographs

Since the records are taken upon a falling plate, and the bot-
tom of the plate is thus the first part exposed as it passes by the
slit in the camera box, the readings are to be made from the bot-
tom up. Before the first line of reading there appear on some of
the plates the long vertical lines denoting the preliminary fixations
of the edges of the page. The movement of the eye is, of course,
from left to right. Eaeh group of several heavy short vertical
‘ines slanting from left to right represents, to restate for purposes
of elearness what has been briefly deseribed, fixations in the given
line, and the length of these lines is direetly proportional to the
feneth of tine of the fixations.

If, as stated before, the eve remained immovable during a fixa-
tion, the record should be a perfeetly straight vertieal line, It is
elear from an examination of the plates that this is often not the
case. The lines ineline or bulge somewhat to the right or left
{more frequently to the right), and are somewhat broken by various
irregnlarities. Some of these are due to slight movements of the
head, which eould not be entirely exeluded. and in a few cases to
minute vibrations of the apparatus. But in by far the greater
number of instances, they are due to the unsteadiness of the eye
itself. These various factors can be pretty well differentiated.
The presence of head movements has in some of the later experi-
ments heen deteeted by employing a secondary refleetion from some
ohject affixed to the head. The refleetion of light from a small
glass bead placed near the eyve and to the right of it was first used,
but the most sneeessful method has been to have the subjeet read
throngh spectacles of plain glass. A very small dot npon the glass,
which in no wise interferes with the reading, and in fact ecan not be
seen by the reader, is sufficient to eause a difference in the lumin-



Unable to display this page



METHODS AND RECORDS 21

The most satisfactory explanation of the phenomenon as a whole
seems to be that any one of the several retinal points lyving close to
the fovea will satisfy equally well the requirements of what is ob-
jeetively the same fixation. This eonclusion seems also to be borne
out by an experiment with a series of suceessive fixations of the
same object (a brass rod). The subject was asked to fixate ae-
curately, look away to the side, refixate, ete. The recurring of clear
double 1mages of a sitmilar rod placed between the one fixated and
the subject was taken as evidence that the same objective fixation
wias renewed. These ‘shifting’ movements which oeceurred as be-
fore did not interfere with the fixation or the maintenance of the
double images, and thus supports the conelusion that in a single or
in sueeeeding fixations of the same objeet within small limits the
same retinal point or points do not need to be brought in line with
the objeet of fixation.'

One further pecunliarity that is common in greater or less de-
eree and frequeney in all the records is the refixations or regres-
sive movements. The eve has read on too rapidly and returns to
reread some word, or the subjeet ‘loses the sense,” and the eye must
retrace its steps. This often oceurs at the beginning of the lines.
The eves of most readers seldom eome guite out to the edge of the
line, but the first and last fixations fall somewhere within the line.
This distanee may be falsely estimated, the eye takes a position in
its first stop too far from the edge to pereeive clearly all the letters,
or at least finds it more convenient to move nearer to the edge
before going on with the reading of the line. This is a very com-
mon oeenrrenee with some readers with certain lengths of line, for
example snbject T. This error at the beginning of the line is also

page should be drawn. 1f, for example, there is a ‘regressive’ movement
[see below) after the first pavse, and the second fixation is thus made to
the left of the first, this can be taken as good evidence that the eye had
not reached the edge of the page. One or more such refixations are to
be found in nearly all passages, Corrective movements give similar indi-
cations. Then the eye makes a longer excursion in some lines than in
others: these may be taken to indicate, when there is any doubt, an ap-
proach to the maximum excursion. Corrective movements in the pre-
Hminary fixations themselves also indicate attempts at closer fixation.
By employving these warious aceessory checks and corrections, in connec-
tion wlith the preliminary fixations made at the beginning and end of a
passage, it iz believed that the locations of the edges of the page have
been determined with considerable accuracy, Finally, it is to be remem-
bered that the relative distance apart of any two fixations is not affected
by the errors of preliminary fixation.

'For a careful study of the inaccuracies of fixation cf. The Yale Psy-
chological Stedics, New Serles, Vol. 1, No. 1, C. N. McAllister “Fixation of
Points in the Visual Field,” published since the above was written, Seo
report of a paper on the “Fixation Pauses of the Eye during Heading,"
read by the writer at the Philadelphia meeting (Dee., 1904) of the Amerl-
can Paychological Association. FPsyehological Bulletin, Feb., 1905,






CHAPTER 1V
Tae Frxarmion Pauses

£ 1. The Number of Fization Pauses and the Extent of Page
kead per Fization

In the classical experiments of Prof. Cattell with the fall ex-
posuré chronometer it was determined that ““on the average eon-
sciousness can at one time grasp four numbers, three to four let-
ters, two words, or a sentence composed of four words.”” This
last extent of perception gives a measure of the possibilities of the
range of perceptions of words, which in actual reading, as is known,
is hut seldom attained. In the following tables three or four cases
may be noted where eight and even nine words were read in two
fixations, thus covering the whole extent of a single line of a news-
paper page and equaling the possible extent of word perception
that has been thns determined. But ordinarily the amount read
falls far short of this. Stated in millimeters, the total extent of
the reader’s range has been determined as 2449 mm.;® in the
eases Just eited from the aecompanying tables 28.2 mm. of reading
matter per fixation is the amount read. On another page (see
Table 11) with nearly double this length (97.2 mm.) of line, four
fixations was the smallest number made and eleven the largest
number. Huey found, as already stated, that he made an average
number of 4.8 fixations per line (M. V. 0.5). As above noted,
neither doubling the distance (33-35 em.) of the page from the
eve, nor deereasing the size of type made any appreciable change
in this number. The are of the eye movement covered 78-85.8 9%
of the line, Change in the length of line had the greatest effect
upon the number of pauses. His results are given in the follow-
ing table in terms of the number of words read per fixation. Ae-
cording to this, lines of from 60.5 mm. to 43 mm. and of 21 mm.—
in the latter case the whole passage eould be read without horizon-
tal movement —give the best results as regards the number of words
that can be read at one pause. The results, however, as the author
recognizes, have little significance when considered in such detail,
as the effeet of differences in subject matter was not considered.

i frain, Vol. VIO, p. 304 1.
s Huey, American Journal of Psychology, Vol X1, p. 300 ff.
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They seem to show, however, that roughly speaking there will he
fewer pauses in the short line than in the long line.

The number of words read per firation in lines of different lengths
as measured by Huey' with the Delabarre eye-cup and attach-

ment
Length of Distance Words per

line from eye  fixation

Cosmopolitan Magazine 121 mm. 33 c¢m. 1.83
121 At a8 Ll 1.50

Am. Journal of Psych., 1 point g8 Sl = 1,46
H ki *IS al ki ik J‘Hl

lu i “H ik 33 ki l.m

i L1} m-‘l‘j LY ik il 3_.'}3

iw ki 43 i i (1 2.":“'

L R L L 3.6 1.94

i i 3” ik 33 il 1'53

ii LI} 25 i LE bk alﬂ_

L L1} 2] il 111 L1 11?

& 4 3 w 8556 5.88

v Am, J. of Psych., Vol, XII, p. 293.

The experiments about to be reported were made npon eleven
subjects, eight adults and three children. The adults, as noted
later, were selected for the laboratory experiments by preliminary
tests from a group of about thirty students. Two of the children
were from the Speyer school and one from the New York City
publie sehools.

In the following table a distribution is given of the number of
fixations per line made by five different subjects in reading the
same column of a newspaper, and the results of a second, third
and fourth reading on the part of some of the subjects. An in-
terval of a month elapsed between the first and seeond readings of
subject I, and a week between the second and fifth. The second,
third, and fourth were made in immediate suecession, Similarly,
there 18 a month’s time between the first and the last two (second
and third) readings of subject 1. The readings of the other sub-
jects were made on the same day. In Table IT the number of
fixation pauses in the first readings of four subjects of eight lines
of a passage of the same size type and of about equal grade of
subject matter, but of nearly twice the width of line (96.5 mm.),
18 given.
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Tasre 11

The number of fizalion pauses and the average number of words
per fixation in a long line (length of line 96.5 mm.). First
readings of four subjects

Lines No. of w. T H B F
1 12 T 5 8 10
2 12 7 G 9 g
3 11 L] o 5 11
4 13 ) i T B
i 10.5 T 6 (T)-8 10
) 10.5 10 4 B
Y 1.5 T b 8
5 11.5 L] b ba
Total
Av. 11.3 7.0 B b 9.4
A D, 1 25 B Y
No. of w.
per fix'n, 1.5 248 1.4 1.08

The average number of pauses per line in fourteen readings by
five subjects of the same newspaper column is 4.76 (A. D. 1.35)
fixations per hine, or an average of 1.64 words per fixation (A.D.
A7), This latter is a somewhat larger average than will hold in
general, because a larger weight is given in the latter to the read-
ings of the more rapid readers, and the repeated readings are
melunded (see below). The averages of the successive readings
considered separately are given in Table III. They vary from 3
to 7.1 pauses per line, or an average of 1.9 to 1.0 words per fixa-
tiom. All subjects read, as stated, the same pages. The individual
differences are large in view of the eomparatively simple and com-
monplace character of the subject matter.

Tapre III

The average number of pauses (of Table I) distribuled by read-
ings and subjects.

1st R.0 20 R. 3d K. ith R. 5th R.
w s e ot - L} "W
g 7 s T - S T t £ =T
2 = % 2 = 2 = s = S
= & By & =y i - ST B o4 B
.E s . BE B . BE T - bR B 5 BE T .+ BE
CEE - R s B gy &8 gx B u g8 Sk
m B 4 = 7 < FZh ¥ 4 ZR £ < Ef % o4 Eh
T 3.5 i) 1.8 3.7 8 149 88 L1 19
H Hd B 1.& 3.9 15 L8 a4 L5 2. 88 1.2 a2 4 45 LT
B % 4 des 5T
5.6 13 55 12
F 61 LD 14
M 7.1 1.1l 1.0 1 1LE 1.1

' Be=Heading
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The average of five subjects in their first reading (Table I and
Table I11) is 5.3 fixations per line or 1.3 words per fixation. The
average number of paunses made in a line of nearly double this
length is (ef. Table 11) 7.45, and the average nmumber of words
per fixation 1.6. In this ease, therefore, more words are read per
fixation in the longer line. The variation among different indi-
viduals shows, however, that these averages as the resnlts guoted
above of Huey have little significance by themselves. Subjeet H
read more words per fixation in the longer line and subject T fewer.
The question regarding the advantages and disadvantages of the
short and long line is one that ean be properly diseussed only in
conneetion with the other factors of individual apperceptive and
perhaps motor differences which have not yet been sufficiently
analyzed. The above comparison is at least sufficient to show that
the problem is more than one of the number of words that can be
perceived, or the number of movements made, and to eall into
question the eonelusions of Javal, Huey and others that more
words are read per fixation in the short line than in the long. The
problem of the length of text-line is made the subject of a succeed-
ing section.

Confining attention to the larger individual differences in the
number of panses (Table 1), these differences are at least roughly
correlated with the rate of reading, the rapid readers making
fewer fixations. As (exeept in first reading of H) the rate of fall
of the plate is nearly the same for all subjeets, these differences
in the speed of reading ean be approximately estimated from a
comparison of the number of lines read in each case (see Table I).
An examination of the above table also shows that, while there is
a tendency (eompare subjects H and M} for a second, third or
more readings of the same passage to deerease somewhat the num-
her of panses, the effeet is very variable. Subject T, for instance,
reads on the average about the same number of words per fixation
each time. When, however, a large number of readings is made
in immediate sueeession, there is a deeided deerease in the number
(and length) of the pauses. In general the effeet of repeated read-
ings is to give greater preciseness and aceuracy of movement. In
the first and second readings it is in the case of some subjects
very diffienlt to decide at times how many pauses have been made,
beennse the movements and pauses of the eye are run together by
the above noted unsteadiness of the eye during fixation. After
the passage has been read several times the alternation of fixation
and movement becomes very regular and clearly defined. It would
seem that the tension in which the eye museles must continually be,
when about to react to the more or less indefinite word stimuli on
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the periphery, is much relaxed after the suecessive readings have
made the eye familiar with the peripheral stimulation. In Table
IV the first and fifteenth readings of the same passage by subjeet
5 are ecompared as regards the number of pauses. The passage
was learned by heart before the fifteenth reading was reached,
and the number of fixations represent, then, the minimum needed
to bring the passage into view, or possibly simply to ‘keep time’
with the wisunal auditori-motor processes of repetition.

Tagre 1V

Comparison of the number of fixation pauses in the first and fif-
teenth readings of the same page

SUBJEQT S

Line 1 B 4 ] fi T Av., A.D. Av. no of w.
18t R. B 6 b6 B-9 4 & a 5.4 4 1.8
15th R. 4 & 4 3 3 8.4 . 21

As has just been noted, there is a wide differenee in the form
of the eyve movements between individuals. This ean be best seen
from a eomparison of the negatives themselves (see Plate I1).
The differences ean not be shown simply by the eomparative num-
ber or duration of their fixation pauses and connecting move-
ments. The movements of subject T are not only rapid, and the
average fixations short, but they are in eomparison with subject H,
also a fast reader,' singularly precise. The fixations also are ex-
act, and the eye comes to a distinet stop, and between each pause
there js a clearly defined horizontal movement. The ease is guite
different with subjects II and S. It is often diffieult to tell where
the movement ends and the fixation begins: during the fixation
the eye is seldom at rest, but is moving gradually backwards and
forwards. A change of position is thus gained whieh is often equal
to that of one or two of the usnal eonnecting movements, and may
well aid in recognition. Two or more fixations often approximate
to what 1s introgpeetively thought to be the form of movements of
the eye, i. e, a gradual eontinuous ehange of the positions of the
eye along the whole line, These individual peculiarities are not
necessarily correlated with differenees in the rate of reading. The
movements and fixations of subjeet F are quite as preeise as those
af subjeet T. Subjects S, M, and D take rather middle ground

'Subjeet T was found to be the fastest reader by several different
tests in a group of 30 or more persons, and subject H stands near the
top of the group in rate of reading. The differences of the first and last
of the group in the several tests were as one to three. Subjects 8 and
F stand very near the end of the group and in the order named.



THE FIXATION PAURES 28

between the extremes. The accompanying photographs and the
charts of fixations, which follow later, represent these differences
better.

§ 2. Molor Habils

An examination of the distribution of the fixation pauses in
Table 1 shows a tendeney to the formation of ‘short-lived’ motor
habits, For example, in the last part of the third reading of H
there is a series of five lines which were read with three fixation
pauses each, and this is preceded by a group of four lines of four
fixations each. Judging from a eomparison of earlier and later
readings of the same lines this is a purely artificial arrangement
of movements which the eye holds to quite arbitrarily. We shall
recur to this fact again later in diseussing the causes whieh condi-
tion the positions of fixations in the line. A similar tendeney is
to be noted in all the readings of subjeet T; in his case series of
fours predominate, broken generally by a short series of threes,
and an oceasional fixation of five. While such a rhythmieal group-
ing of movementis is perhaps less often secured at the very begin-
ning of a passage, and upon its first reading, it scems almost a
matter of chanee whether this is the ease or not. For example,
the first reading of subject H shows comparatively little tendency
to nniformity, whereas in the seeond reading, more than a month
later, the reading is performed almost wholly and from the start
in groups of four fixations per line. The initial series is broken
by the infrequent ease of the reading of two lines by one hori-
zontal movement, in this case of six fixations.! The very first
reading of another newspaper column (not given in the tables)
by this subject shows a parallel case of motor habit formed from
the first line. After sueh a rhythmieal series is well under way,
it would seem reasonable to expeet that there must be some elearly
marked echange in the character or difficulty of the suceeeding
lines before the motor habit is altered or broken. 1If, in short,
the diffienlties of word recognition, the sequence of words and
thought and other such apperceptive conditions remain similar,
there wonld appear to be no reason why the motor habit should not
persist. An examination of the table is sufficient to show, how-
ever, that these changes may zo on quite apart from any relation
to the nature of the subjeet matter. This is best shown by the
fact that there is absolutely no uniformity in this respect between
the different subjeets or the sueeessive readings by the same sub-

'Ag the apparatus records only by chance and most imperfectly the
vertical movement of the eye it is not possible to say whether or not the
eye alternated between the two lines, but this is, doubtless, the ecase.
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jeet. In the third reading of T, to cite one instance, the thirteenth
line is the last of a group of five lines that are read in four fixa-
tions. In the next reading, which immediately followed, although
there is a similar series of five lines with four fixations preceding
and a group of four lines of four fixations cach following, this
thirteenth line is now read with three fixations. There is no ap-
parent reason why this long rhythmieal series should have been
broken in the second reading and not in the first. Because of the
instability or lack of regularity in these rhythmical series, I have
named them for eonvenience of reference the ‘short lived® motor
habits of the eve in reading.  Althongh the number of movements
and fixations remains the same in these motor series, it should, how-
ever, be noted that there is a wide difference in the relative distances
apart of the fixations within such groups. An addition or sub-
traction of one fixation may not, therefore, alter the general char-
acter of the movement, as it would, were the interfixation move-
ments always of the same length,

The ease of the formation of motor habits seems to be one of
the characteristics of rapid readers as contrasted with slower read-
ers. T and H are about twiee as rapid readers as S, and nearly
three times as fast as F. The long motor series are found only in
the reading of the first two (T and I). The larger number of
lines read by them gives some advantage to the first readers, but
even in the fifteenth reading of a passage by S there was not as
marked a tendency to uniformity of innervation as in either of the
first named subjeets in their first readings. This faet is further
illustrated in the ecase of other subjects, and will be referred to
again.

§ 3. lefizalions

Other factors which affect the process of perception arve the
‘regressive’ and ‘corrective’ movements of the eye. For simplicity
of statement a somewhat arbitrary distinetion will be made be-
tween these two types of movement. A ‘regressive’ movement is
cansed by faulty perception or insufficient recognition and is always
made to the left. It oecurs most frequently in the return sweep
of the eye from the end of the previous line. The eye for some
reason stops too far short of the edge of the line, and it is neces-
sary to make a supplementary movement towards the edge. Simi-
larly within the line the eye may have been carvied on too far
for ease of recognition, and a short movement is made in the oppo-
site direetion. The ‘eorrective’ movements,! on the other hand,

' Compare The Psychological Review, July-Sept.., 1904, “Retinal Local
Signs,” where these corrective movements are described by the writer.
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are real inaccuracies in the motor innervation or functioning of
the eye museles. They may ceeur in either direetion. When they
oceur to the left, they are not easily distingnishable from the ‘re-
gressive’ movements. For example, the real reason why the eye
in returning from the end of one line to the beginning of the next
falls short may be either an error of pereeption, i. e., the working
span, so to speak, of pereeption or assimilation has been overesti-
mated, or it may simply be an inaecuracy of museular movement,
L. ¢, an underestimation of linear magnitude. Some differentia-
tion between the two movements is possible. The eorrective move-
ments as determined in the article referred to above! are generally
of less extent and the intervals of pause hefore the eorrections are
made are, also, very much shorter. But, again, these movements
may be further confused with the unsteadiness of the eye in fixa-
tion. When, however, there is an overestimation of the length of
line, it is generally to be considered as due to inaccuracy of move-
ment. The eve has been earried beyond the edge of the line, and a
short, quick movement baek is made. These cases can be differ-
entiated with certainty. But it is doubtless true that a corrective
movement due to overestimation oeenrs just as often within the
line. As it would, however, simply ‘eorrect’ the first fixation in
the line, it is, then, as stated, not distinguishable From the un-
steadiness which aceompanies fixation in general, if, indeed, it is
not the explanation of a part of this unsteadiness. Beeause of
these complications, in taking account of these ‘refixations,” only
those which are made to the left have been recorded.® It has,
however, seemed advisable to distingnish between those which oeeur
at the beginning of the line, and those which are found elsewhere
within the line. They have, therefore, been divided in the tables
on this basis into two classes; first, those which are supplementary
to the return sweep of the eve, marked 8p. They inelude both the
positive® corrective movements and the initial regressive movements.
Those marked EBg are the recressive movements within the line.
The term ‘refixation’ is used to cover all cases. In Table V the

1 Pepehological Keview, XI, p. 208 .

‘The refixations which are made for perceptive purposes are natur-
ally only regressive (i. e, to the left). When a movement and pause
oceurs to the right it marlis, of courre, a new fixation.

iin the article just referred to, these eorrective movements were
designated as positive, which added to the primary movement in Its
original direction, i. e, the eye had fallen short of the mark, and another
movement in the same direction was necessary, Those movements in
which an overestimation occurred, causing a return movement in the
opposite direction to the [nitial movement were, on the other hand, des-
ignated ‘negative.” For the reasons stated above, account is made only of
the ‘positive’ corrections.
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number of refixations is arranged according to the lengths of lines
in which they oceurred. Comparison is made of three different
pages.

TapLe V

The number of refizations in lines of different lengths

Page I Page II Page I1I
Length of line Length of line Length of line
107 mm. 96.5 mm. 56 .5 mm.

1 No. of No.of No, of No.of No, of No. of No. of No.of No. of
lines 8p Rg lnes Sp Rg lines Bp Rg

A
A. Bubject T 16 11 0 11 7 0 74 & 0
w. H 6b 14 & fi 1 0 106 9 0

“© 8 b 4 0 13 3 4 60 8 3

Percentage of lines having refixations

B Bp. Rg Sp. Rg. Sp. Rg
B. Bubject T 69 % 0 63.6% 0 18% 0

e H 21.6% 4.5% 16.6% 0 18% 0

e 3 R0 % 0 23 % 30.7% 11.4% 4%

Distribution of refivations in percentages of the whole nuwmber
according to the order of lines irrespective of their lengths

C. st 10-20
Line 2nd 3rd 4th 5th 6th 7th  8th 9th all other Ls.
24.07% 7.4% 5.5% 7.4% 9.2% 5.5% 12.9% 7.4% 5.6% 14.8%

—_——

'*No. of lines' refers to the tDlai---lﬁ.;Mﬁ;}r_ﬂf lineg read by each auh};ﬂi..

Under A (Table V) the number of lines read and the number
of supplementary and regressive movements made are arranged
according to subjeets ', H and 3. Under B, the same facts are
restated in the pereentage of lines in which these movements oe-
eur; under ' the refixations, ete., are redistributed accordingly as
they ocenr in the first, seeond, third, or fourth lines, ete. The re-
sults in €' are stated in pereentages of the whole number of cases
(94). As can be seen (€'), the largest number are found in the
first line of the different passages read. This may possibly be due
to some peculiarity of the experiment. The eyve before reading
made in each case a movement of the same length as the line about
to be read, i. e, as already deseribed above, between the needles
which were used to denote the edges of the line. But there would
seem to be no particular reason why this return movement to the
beginning of the first line should not be as accurate as later, and
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no peculiarity was noted by the subjects. The more natural ex-
planation is that the eve has not yet accustomed itself to the right
extent of motor innervation.

My purpose in the preceding tables is first to eall attention to the
frequency of refixation. It is also to be noted that there are some
differences between subjeets in this respect and these differences
are most marked in the longer lines. It appears also trune that
the ease and accuracy of movement and of perception, as denoted
by the comparative infrequeney of refixations, is greater in the
shorter line. Subject T makes, however, a supplementary move-
ment so regularly in the long line, that it must be considered his
habitnal reaction; that is, to a certain extent, instead of determin-
ing the length of the return sweep of the eve by the length of line
being read, the retirn sweep proper remains relatively constant,
whatever the length of line may be. It is then corrected or supple-
mented hy another movement, if it is found necessary for perception.
This gives evidenee of another interesting variation of the method of
performing the physiological process of reading. The inacenraey
of movement and the necessity of refixation must ordinarily, ex-
cept possibly in the case of T, be a hindranee to the rapidity of
pereeption. That they are found somewhat more frequently in the
long lines may be considered one of the disadvantages of this
length of line. When reading aloud, regressive movements are in
some cases donbtless due to the eve returning to the word that is
being pronounced. But sinee they are as eommon in silent as in
oral reading, the more evident explanation is, then, that the eye has
run too far ahead for the thought, or some misunderstanding has
been met which ealls for clearer pereeption of the words that are
but now reaching conseiousness. The refixations, especially when
they oceur within the line, may thus serve to indieate roughly how
far the perceptive processes antedate recognition and assimilation.

There is evidenee that the corrective movements, as might be
expected, oceur also in the vertieal plane. The eye does not fol-
low along the line with exactness,—as, for instance, Javal thonght,
along a line between the middle and top of the small letters. In
view of the inaceuracies of movement this may be considered as
literally a physieal impossibility. A plate falling in the vertical
plane is evidently not at all suited to a study of discrepancies of
movement in that plane. The rate of movement, however, of the
eye upward from the horizontal is in a few cases so rapid as to
counterbalanee and even exceed the rate of fall of the plate. An
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upward movement of the eye is reversed on the negative, and so
the movement appears in the same direction as that of the reeord-
ing plate. In this way these inaccuracies in the vertical plane are
occasionally deteeted even in these records. They are deserving
of further study.

To test the hypothesis suggested above that the greater number
of refixations in the first line is due to the fact that the extent of
movement has not been adjusted eorreetly for the length of line, 1
arranged an experiment so that the length of the return sweep of
the eye was varied several times during the reading. This was
attained by simply entting out a page of print by lines and then
pasting the lines together so that the edges were indented or un-
even. The exaet arrangement which has been set up in the same
sige of type used may be found in the appendix. This dis-
tanee bhetween the lines on the original page was 2.5 mm. Tt has
heen necessary to make the plate for reproduetion (ef. PL ITT) from
a tyvpewritten eopy in order to write in conveniently the signs
which denote the places where the eye pauses. The lines were
originally all of the same length, 88 mm. The amonnt of indenta-
tion was 26 mm. The small size of type was nsed purposely to
make it more diffienlt for the eve to decide just where the lines
hegan. If the apparatus were eapable of registering movements
in the vertical plane, there is every reason to believe, as has been
noted, that the inacenracies of fixation on the vertieal plane wonld
he found perhaps as marked as those of the horizontal. This is
evident from a common experienee: not infrequently we find, espe-
ciallv. when the line is long, of small type. and of little interspae-
ing, that we have begun reading the wrong line, the eye having
either skipped a line or having returned to the beginning of the
line that has just heen read.

The method of plotting the location of the panses is deseribed
later. Tt is sufficient at present to note that in this page a single
straight vertical line | denotes the plaee of the fixation. If the
eve is unsteady or moves somewhat in one direetion or the other,
a horizontal line connected with this and drawn under the letters
denotes the direetion and extent of the movement; i. e., the sign
__|= fixation and very slow movement to the right, _| = move-
ment to the left. The fixations are numbered in the order in
which they are made. These numbers are put below the signs.
The durations of the pauses in sigma are placed above as index
numbers to the signs. These movements during fixation are dif-
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ferentiated, as above noted, from the interfixation movements
proper by less veloeity. Such a eombination of signs as appears
at the beginning of the fifth line somewhat
incompletely deseribes the unsteadiness and the
several direetions of movements during fixa-
tion. What took place was as follows: The
eve, after a pause at A, makes a gradual for-
ward movement to B, pauses and moves back
n rather rapidly to €, and from ' moves back
very gradually toward the edge of the line,
and a little beyond A.

The results are most interesting. The eyve fell too far short in
the first line (Fixation No, 1) neeessitating a refixation nearer
the beginning of the line. Just the opposite ‘mistake’ was made
in the second line, that is, the extent of movement was overesti-
mated.

The following explanation of this error seems most in accord
with the facts. The length of, at least, the first return sweep is
estimated largely in indireet vision, when the eye is foeused near
the end of the previous line, The peripheral estimation in this
case was vertically inexact to the extent that the edge of the see-
ond line was overlooked, and the edee of the third line mistaken
for it. The error was not perceived until the first fixation was
made in or above the beginning of the third line. The move-
ment of the attention back towards the beginning of the see-
ond line is shown by the direetion of the gradnal movement duar-
ing the fixation. From that position, however, a fairly clear
peripheral pereeption of the beginning of the second line could be
secured, and the second fixation is, therefore, made well within
that line. That there 15 still some uncertainty is shown by the
backward movement of the third fixation.

The error made at the beginning of the second line is eorreeted
in the third line, although there is also evidenee here of overesti-
mation in the eomparatively unusual proximity of the first fixa-
tion to the beginning of the line. The more accurate estimation
of the correet are of movement may be due in part to another
factor, namely, the resident museular semsations of the extent of
the angular displacement of the eye along the seeond line. The
accuracy of these sensations is not, however, believed to be as great
as when the extent of movement is determined by the retinal loeal
signs. The accuracy of the former is, as will be further noted,
greatly inereased by repetition of the same are of movement,

The angular displacement of the line of regard from the end
of the second line to the beginning of the third line was exeeption-
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ally large, eorresponding to about 115 mm. on the page. It is the
present thesis that this overestimation was due to two factors, the
tendeney to repeat the same extent of movement as was made in
the previous return movement, and, seeondly, the relative inae-
enracy of peripheral diserimination. When local diserimination is
more exact, i. €., when the point of stimulation lies nearer the fovea,
it serves as a check on the tendency of the motor impulse to repeat
itself. The fifth and sixth lines are an instance in point. The
beginning of these lines falls well within the field of aeeunrate loeal
diserimination, and, although there is considerable unsteadiness of
fixation, there is no inaccuracy of the motor impulse such as was
found in the fourth and again in the seventh line. The seventh
fixation of the fifth line is also of interest as further showing the
difficulty and uneertainty of movement produced by this arrange-
ment of lines. The eye moves beyond the edge of the line, neces-
sitating a correction by the eighth fixation. To repeat, is this
peculiar phenomenon as well as the unsteadiness of the fixations
at the beginning of the fifth and sixth lines due to a sort of blind
foree of motor innervation? The peenhiar nnsteadiness of fixation
Just noted, and the large error of estimation now to be noted in
the first fixation of the seventh line show that the force of the
resident sensations of the previous movement is from long habit
and practice very potent in determining the extent of the suecceed-
ing movement. The exact point of fixation depends on the ae-
enracy of loeal diserimination in indireet vision, i. e., on the retinal
local signs.  1f the latter are aceurate, as was the case in line five,
because the edge of the line eould be clearly seen when the eye
was fixating the last word of line four, the next fixation will be
vxact, despite the tendeney of anotor innervation to be governed in
extent of movement by the previous movement. The regressive
movements in the first and seeond fixations of both lines give evi-
dence of this tendency. If, on the other hand, the point that is
about to be fixated lies so far upon the periphery that the aceuraecy
of local diserimination is decreased, the motor impulse has full
sway, and is subjeet to correction only after it has ecompleted
itself. This seems to be the ease in line seven. As in the ecase of
the second and third lines, and particularly the fourth line, the
angular distanee from the end of line six to the beginning of line
seven was too great to admit of aceuraey in loeal diserimination,
if made, when the eye was fixating the former point. The arc of
movement of the previous line is repeated fo a minute, with the
result that the first fixation fell far short of the edge of the line
and a snpplementary movement of large extent was made neees-
sary. The case is nearly an exact reversal of the overestimations



THE FIXATI!ON PAUSES a7

made in the seeond, third and fourth lines. There was the same
inaceuracy of loeal diserimination due to extreme peripheral vis-
ion. But whereas the repetition of the same are of movement in
lines 5 and 6 gave opportunity for aequiring a short motor tend-
ency or habit for a given amount of angular displacement, the
lack of uniformity in the extent of movement in lines 1, 2, 3 and
4, due to the inaccuracies of perception in both the vertical and
horizontal planes caused a wider extent of overestimation. In a
word, the overestimation and the underestimation are both ex-
plained by the inaccuracy of local discriminalions on the periph-
ery: the differences in amount were due to the acquirement in
one case of a tendency to a fired extent of motor innervation, and
to the lack of i in the other case.

The correct extent of movement is aequired in the first or at
most second trial, and the suceeeding movement follows automatie-
ally and with greater aceuracy. The motor habit onee aequired
tends to persist even when the angular extent of movement is
altered, as in the present experiment. The error of fixation is,
therefore, in thig case due more to the persistenee of the motor im-
pulse than to inaceuracy of perception. An inaeceuracy due to
the latter cause, i. e., an error of loeal diserimination of peripheral
vision, would very infrequently, especially in movement of this
small angular displacement, equal in extent the distance found
between the first and second fixations of the seventh line. The
average errors determined in the experiments above referred to!
were for one subjeet 17 48° and the other subject 2° 59 24”. The
extent of the inaceuracy of vertical estimation assumed as the ex-
planation of the error made in the second line is, on the other
hand, quite within these limits.

The conclusion, therefore, seems warranted by the results of
the experiment that the larger number of refixations at the begin-
ning of a passage is due to the faet that the motor impulse is in
the process of adjustment. The experiment also justifies a second
conclusion, namely, that normally the extents of angular displace-
ment of the eve tend to become uniform, due to the formation of
motor habits of reaction. The errors of fixation are due in part
to the subversion of these motor tendencies.

The greater preponderance, therefore, of refixations in the first
lines of a passage, to reeur to the original question, is due to the
inaccuracy of loecal digerimination unsupplemented by any resident
muscular sensations of the correet extent of movement. Since the
length of lines remained the same in the ahove pages, the aceuracy

'L Pspehological Review, X1, p. 301.
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of fixation in the sneceeding lines was mueh abetted by the rapid
acquirement of a short motor habit of the given extent of move-
nient.

The reason why there are more refixations in long lines is not
due primarily to motor difficulties, but to inaccuracy of peripheral
diserimination. The reason why there are fewer refixations and
why greater accuracy of movement is attained in the short line
is that movement is subject to the correction of acceurate vision and
the gnidance of motor habits.

The experiment has demonstrated that the diffienlties of ac-
eurate fixation may be inereased even for the praetised adult
reader by necessitating too frequent change of the are of move-
ment. Uniformity in the length of line is doubtless, therefore,
even more a4 desideratum for beginners in reading. An examination
of school primers and readers will, however, eonvinee anyone that
the mistake of employing many different lengths of line is unfor-
tunately more commonly made in these books than in perhaps any
other class of books. The fault arises in part from printing each
sentence as a single paragraph, necessitating many ineomplete
lines: but it is chiefly due to the insertion of pietures and drawings
in the margins of the pages. If the pietures are highly colored
this in itself, if we may give any weight to the experiments which
have been made concerning the reflex effect of peripheral color
stimuli upon the aeenracy of fixation,® may be a hindranee to ae-
euracy in the reading movements. It is, of course, recognized that
such objections as the latter may be entirely outweighed by the
advantages of seenring and holding by this indireet means the in-
terest and attention of the pupil, ete. But the objectionable feat-
ures may be minimized. There is, however, no such evident justi-
fication for the large differences in the lengths of line. As will
be made elear when the question is taken up in a later section, the
acquirement of a uniform motor habit and a certain rhythmical
sequence of movements and fixations depends entirely on the length
of line, almost to the exelusion of the effect of differences in the
form of sentence and of subjeet matter.

As an illustration of the differences that may be found on
almost any page, T have given below the measurements of the first
twenty lines of a second reader in common use.

'Cf. for example R. MacDougall. American Journal of Physiology, 190:
pp. 122-130. [ Physiology, 1903,
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Measwrements in mm. of the lengths of line in a ‘second reader’

S _— i —_—
1 57.5 1 61
2 49.5 12 o6
8 12 13 84
4 35.5 14 85
5 41 15 47
B 4l 16 87
7 41 17 67
8 35 18 81
o 83.5 19 71

10 96.5 20 95

The length of line of the book in question is 101 mm.; that of
the page under experiment was 83 mm. The indentations were
206 mm.; in the reader there are differences of 40 mm. and more.
There is little justifieation for the diversity of motor innervation
which is thus produced.! The only advantage is in the size of
tvpe of the reader, which was 2 mm. in height (of small n), but,
as noted later, I have found many mneh longer lines in these read-
ers of but 1.5 mm. in height.

As an illustration of the extent to which this total disregard of
uniformity in line arrangement has been ecarried, a eouple of
pages from first and seeond readers in éeommon use are here re-
produced with the omission of the pietures on the margins and in
the body of the text.

An examination of the printed charts and diagrams that are
used in the teaching of reading and the other school subjects
will also reveal a large number of the more purely physiological
difficulties, needlessly and gratuitously put in the way of the be-
ginner.

"A small indentation of a few millimeters, for example of every other
line, but net of =officient extent to affect the uniformity of the horizontal
movements, or even the length of line itself, may be of a distinet ad-
vantage In eliminating motor inaccuracies in the vertical piane. The
indentation would help to differentiate the lines, and prevemnt thelr con-
fusion. This suggestion was made by Professor Cattell
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Pages TernustraminGg Poor LINE ARRANGEMENT

On his way back he finds the horse

looking over the fence, as if he

were watching to see that the work

is properly done. Then the gardener
thinks of the thirsty flowers and gets
his watering pot to sprinkle them.

A tree in one end of the gar-
den is the home of this little bird,
who likes to nip the pears that
grow on it. Here is a pear,

and here is an apple, and here

are some ripe strawberries, too.
The birds find them all; for the
gardener grows them for

his children. @ The children eat

them, and think they are very good.

The gardener has also many pretty

flowers in his garden: red roses and violets.
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Pages TLLUSTRATING PooR LINE ARRANGEMENT

NCE upon a time a donkey
heard a grasshopper chirp-
ing in the grass.

He was very much
pleased with the beautiful song.

““Ah!” he said to himself,

“if I could sing like that, how happy
I should be!”™
So he bowed low to the grasshopper,
and said, ‘“ Kind friend, what food do you
eat to make your voice so sweet?”
“1 drink the evening dew,” replied the
grasshopper.
The foolish donkey tried to live on the
same food, and died of hunger.

An eagle flying through the air was

wounded by an arrow from the bow of
a hunter.
The king of birds fell to the ground,
for the arrow had entered his heart.
As the eagle looked at the arrow, he saw that
its shaft was tipped with his own feathers.
“How hard is my fate!” he moaned, ‘I

helped to wing the arrow which kills me.”



CHAPTER V
Is Taere PercerrioN During EYE MOVEMENT?

Preliminary to the further study of the significance of the
fixation pauses, it is necessary to review in greater detail the evi-
dence (see above) npon which the conelusion was reached that the
eve does not see during the movements in reading. The answer
15 of first importance to the theory of the fixation pauses. As
already noted, Erdmann and Doedge computed that from }3 to
3% of the reading is spent in fixation, and, on the basis of
measurements by Dodge of the angular veloeity of eye movements,
arguned that, if the rate of movement found held good for read-
ing, it did not admit of perception during the interval.

Dodge found by means of a modifiecation of the Helmholtz-
Lamansky method of after images the average length of time for a
movement through five degrees to be 015", and through 10 de-
grees (027, Estimating that the veloeity of the short interfixation
movements must be at least as mueh as 027, the problem was to
determine whether a fusion of the letters—which would preclude
their recognition—does not result at that rate. About 12 or 13
letters represent in the line the average extent of the movement
of the eve between two pauses. Counting the separate parts of
the letters and the intervening spaces, the appearance represents
an alternation of about 50 black and white stripes. The white
spaces are about three times as broad as the blaek lines. This
would make the length of stimulation of each of the black lines (if
the veloeity of movement for the whole are is .02"), 0002”7, and
of the white spaces 0006, But aceording to the experiments of
Platean fusion of the black and white sectors of the eolor wheel
veenrs when the interval of stimulation of the single sector is as
long as 008", Baxt also determined by another method that the
time of stimulation in order to allow reeognition of a single letter
must be 0303 and for recognition of three letters .05337. While
the conditions in reading are not exaetly the same as the ahove
experimental eonditions, the very mueh smaller time of stimula-
tion in the former ease seemed to the writers to warrant the con-
clusion that fusion oceurs during the movements of the eye, and
that, therefore, the reeognition of words oeeurs only during the
fixation pauses.
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The question was also put to an experimental test by passing
lines of print rapidly from left to right before the eye at the same
rate which the eve must supposedly pass over the letters in read-
ing, and it was found that fusion of the letters did actnally re-
sult. The importance of the conelusion, of course, lies in this,—
that it is only in the interval of rest or pause that visual pereep-
tion is possible.

The eonclusion earries with it two or three assumptions which
may be ealled in question and at least need verifieation; first, that
the angular velocity of the short movements of the change of fixa-
tion within the line is as rapid as the voluntary sweeps of the
eye; whereas it is possible that the speed of the return movements
of the eye to the right may be so mueh more rapid than that of
the interfixation movements proper, that perception may be ex-
cluded during the former but not during the latter. In the second
place, the possibility of considerable variations in the rate of the
interfixation movements themselves was not recognized. It is as-
sumed that the pause is a full stop of the eye and that the remain-
ing time must be taken up wholly by the change from one of these
positions of rest to the npext or suoeeeeding pause. But it 1s evi-
dent from an examination of the accompanying records that there
are intermediary stages between the distinet breaks or pauses in
the movement and the movements proper.

These facts or possibilities make an actual measurement of the
interfixation movements themselves desirable. This has already
been done to a eertain extent in two more recent investigations.!
The measurements of Huey are subjeet to the eriticism that the
extra weight of the eye-cup and pointer may have retarded the
movements of the eyve, He found the wvelocity of movements to
the right to be on an average 43.9¢ for angular movements aver-
aging 3° 36°. The wvalue of the more aceurate measurement of
Dodge and Cline is unfortunately somewhat lessened by the fact
that only the average of movements varying from 2°-7° are given.
That is, it may be of some importance to know what the veloeity
of movement is in each case and cspecially when the movement is
of small extent.

Their results are as follows:

'Huey op. ecit, Vol. XI. Dodge and Cline, The Angle Velocity of
Eye Movement. Psychologival Review, Vol. VIII, pp. 145-157.
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Dodge and Cline on the velocity of the eye in reading
Movements towards the right Movements towards the left.

Sub-

jecta No. M. M.V. Max. Min. No. M., M.V. Max. Min.
A 12 2.7 3.9 .4 170 5 45,6 3.7 50.1 40,9
B 15 21.9 §.9 25.2 16 5 0.1 2.9 3.8 350
L 10 #8.2 6.1 328 14.2 4 a7.1 1.8 3 33.4

(ieneral

Average 22,9 40.9

The average time of the three subjects for the interfixation
movements of from 2°-7° is 22.9¢ and for the return movements
to the left of 12°.14° 40.7¢. It is noted that this result of the
movements to the right approximates closely the original as-
sumption of Erdmann and Dodge regarding the rate of movement
1.02). Compared with the angular veloeity of movements made
in response to peripheral stimulus, the movements to the right fall
below the general average of eyve movements of 5° (34.5¢ M. V.
1.5), and those to the left that of the general average of eye move-
ments between 10° and 157, i. e., between 41.8¢0, M. V. 1.4, and
46.7e, M. V. 4.5.

The conclusion drawn from this faet is that ‘‘the charaeter of
the eye movements in reading is not materially different, qualita-
tively or guantitatively, from the eve movements which are made
in response to peripheral stimuli as the eye looks back and forth
between two fixation points.’

The same writer has since in another study® after a most care-
ful series of experiments and many preliminary failures suceeeded
in demonstrating experimentally that fusion does take place in
these latter movements. The normal fusions of colored fields were
secured and *‘a part of a page of print exposed only during
movement gave a perfeet though shadowy series of gray bands
on a lighter baekground, in which individual letters or words were
ahsolutely unrecognizable.’™ Although the are of movement em-
ployed in these experiments was necessarily large (50°) and the
veloeity of movement was, therefore, proportionately great, there
can be but little question that the results are direetly applicable
to the movements in reading in general. Since, however, the rate
of movement has not been determined for any large number of
interfixation movements, it seems desirable that this be done,
especially  as  these latter movements differ from the longer

e i =

' Dodge, “Visual Perception During Eyve Movement"” Psypoehological Re-
view, Vol. VII, pp. 454-465.

*For further experiments and discussion concerning the nature and
cause of fusion, see the article just quoted, pp. 464-465 in particular, and
Holt, Psychological Review, Monograph Supplements, Vol. IV; and Dodge,
Psychological Bulletin for Aug. 156, 1906,
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movements made in response to peripheral stimulation in one
way at least whiech may have some significance; they are of
much greater wariability in veloeity. In the course of this
investigation 1 have determined in a very large number of cases
the exact letters and words that are passed over by any given in-
terfixation movement, and at the same time measured the rate of
movement. With this data at hand I have repeated the ealeula-
tions of Erdmann and Dodge, in order to offer additional evidence
for the operation of fusion in the short and eomparatively slow
interfixation movements.

Although the rate of fall of the plate adopted for reasons al-
ready assigned is not as well snited as a more rapid fall would have
been for eareful measurement of the interfixation movements, since
the eve’s movement is enlarged as noted about four times by the
camera, and the record may then be enlarged upwards of twenty
times without ineonvenienee, giving a total enlargement of from
T3 to 100 or more times, sufficient aceuracy can be attained from
the records as made. In order to seeure as great aeeuracy as pos-
sible, however, only the best and clearest of the interfixation move-
ments on a given plate were selected for measurement. This doubt-
less grives a greater preponderanee to the slower movements, as they
naturally make the longer and elearer record, but this is an ad-
vantage, beeause the purpose in mind is not to determine the aver-
age rapidity of movement, but simply to test the validity of the
supposition. And it is in the slow movements, if at all, that the
hyvpothesis is open to question.

These measnrements (as” well as those of Dodge) are always
snhjeet to one error due to the limitations of the method of regis-
tration. When the movement of the eyve does not follow the exact
horizontal level, but moves upwards or downwards at the same
time, the extent of registration is diminished in the first ease and
inereased in the second case due to the faet that the plate is fall-
ing during these changes in the vertieal plane. Head movements
in the vertical plane would cause a similar diffieulty and error.
That this does oecur ean be detected in some instances, but the
amount of error can not he determined. But this error is as apt
to oceur in one direetion as in the other; that is, is as apt to in-
erease the duration of movement as to diminish it. We have,
therefore, selected only the slowest movements. If the rate of
movement in these is sufficient to cause fusion, it must ocenr in the
more rapid movements.

In Table VI the veloeity of the first ten return movements to
the left in reading a newspaper column is given. Width of line
56.5 mm., app. 127 30°. The extents of movement are stated in









CHAFPTER VI
THE DISTRIBUTION OF ATTENTION IN PERCEPTION

In the above computations no aecount has been made of the
slow ‘shifting’ movements that are very eommon in the records of
some subjects, notieceably H and 8. They form an intermediate
stage between the fixations proper and the interfixation movements.
The distance traversed is often equal to that read in other cases
by two or more fixations and conneeting movements, and, although
the eye has been in constant molion, the necessary perceptions
have been made quite as well as if the e¢ye had made one or more
abrupt pauses. Sinee the movement is so slow—not infrequently
ten to twenty or more times slower than the usual movement
hetween fixations—it is fair to assume that the eye does see during
these movements and that in fact they lake the place of the more
clearly defined firation pauses.

In the present study, therefore, the ‘shiftings’ under discus-
sion have been grouped as fixations. The chief reason for this
classification is that they are generally followed by a rapid move-
ment of the usual veleeity. The ‘shifting’ movement can hardly,
therefore, serve the purpose of a mere change of the point of re-
vard, and its funetion must be similar to that of the usual reading
pause. What the differentiation is funetionally between this grad-
ual movement and exaet fixation must be left largely an open
gquestion.  Judging, however, from a study of the directions of
varions movements, it seems evident that they follow or accompany
the movement of attention.

It is not believed, however, that these shifting movements nee-
essarily denote a suecessive pereeption of the parts over which the
line of regard is moving, although it may possibly mean that in
some  eases, and it is then the exeeptional mode of reaetion.
The basis for this supposition is that an examination (ef. Charts
of Subject H) of the words thus read offers no explanation of why
these elements should be singled out for suecessive perception,
especially since in a previous or suneeeeding reading the fixation
is often made without shifting. 1t is by far more likely that the
lingering of the eye over the separate letters has no effect on the
simultaneity of the resulting pereeption. It more probably denotes
a central difference in the rate of assimilation. Suppose, for ex-



DISTRIBUTION OF ATTENTION 49

ample, that, as a given foveal perception is completed, the attention
changes to the matter lying on the periphery of vision. This move-
ment of attention must preeede that of the eye from purely physio-
logical reasoms. The difference in the promptness of the eorre-
sponding change in fixation may then depend on differences in
the intensity and coneentration of the attention upon the new
peripheral sensation. In one ecase, because perchance of the slow-
ness of assimilation and reecognition, the attention, although already
turned to the periphery, is not at first as ‘intent’ or alert to the
sensation. In that case the muscular tension and unbalanee to-
wards the periphery which always marks the separation of atten-
tion and fixation is less acute, and the eye shifts more gradually,
at least at the start. When, on the other hand, attention is imme-
hiately ‘econcentrated’ peripherally, the museular strain is at once
too great and a rapid change of fixation follows. We ean, in other
words, conceive of a sort of rivalry of the peripheral perceptions
to gain the center of conseiousness, and this may eause a fluctua-
tion of the attention from the fovea to periphery which the slower
movement of the eve museles ean simulate only by denoting the
general ‘tendeney’ of the change of attention. When, aceording
to this view, the peripheral stimuli at onee gain the center of con-
seious pereeption, there is no hesitation in the response of the eve,
This, however, it should be noted, marks a successive perception
of word wholes and phrases, and gives no confirmation to a theory
of a suceessive perception of the letters and elements of the word.
1f, moreover, the shifting movements were due to the latter ecause,
we should be at a loss to explain the usual type of motionless fixa-
tion, as will be noted further in another conneetion.

In this respeet the hypothesis of the relation of fixation and
attention is at variance with the Wundtian theory, developed by
Zeitler.!! The latter held that the perception of a given group of
several words (during the short exposure of the tachistoscope) is
not simultaneous but suceessive. The attention moves over the
field of exposure from left to right, passes lightly over the unim-
portant parts of the words, and singles out eertain more signifi-
cant parts, the so-called domineering letters. These serve ordi-
narily as the prineipal basis for perception. (Domineering letters
are (1) eapitals, (2) letters that stand above the line as |, t, d, h,
k, and especially such eombinations as scht, and (3) in some in-
stances m, w: i. e, the broader letters, although neither author is
elear on this point.)

Messmer® proposed a modification of this theory. The attention
is supposed by him to have no uniform motion but to flit back and

tOp. cit. i
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forth over the words, singling out first the domineering letters and
secondly the other letters.! Sueceessive stages of apprehension oe-
eur only in words which include one or more domineering letters.
I quote directly from Messmer’s own statement of his interesting
theory.

“The greater or less uniformity of general eonfiguration (Ge-
sammtfiguration) does not in itself stand in direet relation to ‘recog-
nizability.” It serves rather as a more or less powerful oeeasion or
cause (Anlass) to a unitary-innervation (Gesammtinnervation). 1f,
for example, I have seen the words physiologiseh, psychologiseh,
philosophiseh, philologiseh, as often as the words wimmern, iiber-
einstimmen, nennen, weinen, ete., 1 am eompelled in reading the
first example to read by analyzing into seetions (Stiicken), while
the words of the second group are clear to me at a glance. Why
is this? The words of the first group receive from their letters
mueh less assistanee to a *Gesammicharakter,” than those of the
second group. One may say: the more a word possesses letters
of individual geometrical form, so much the more does a unitary
innervation run danger of being divided. On the other hand, the
more the letters of slicht individual form (with straight lines) pre-
dominate, so much the greater is the impulse to a unitary inner-
vation, '’

Sinee, however, “‘the greatest unity of total image (Gesammt-
bildes) and the maximum vivaeity (Lebhaftigkeit) are two dia-
metrically opposed faetors,”” or again, sinee ‘*the Gesammtinnerva-
tion and the eertainty of recognition stand in inverse ratio to each
other,”” the most fortunate cases for recognition are those in which
““both these factors participate in approximately equal parts in
the word-image.”” That is to say, words like wimmern are per-
ceived immediately as wholes, with little or no effort and for that
very reason are likely to be confused with a word like weinen.
Words, on the other hand, like physiologisch and psvehologisch
compel on the part of attention a prior recognition of eertain more
prominent parts. The words are split into the elements and the
separate scetions successively perceived, and are thus less often
confused. The best words for both certainty and rapidity of recog-
nition are those which combine the merits of both these classes,
i. e, part of letters that stand above the line and part of short let-
ters. The examples eited of this class are ‘charakteristiseh’ and
‘wissenschaftliche.” Tt is not necessary here to diseuss in detail

—_

1 huve‘reﬂ.rlewed the work of Messmer in more detail than is neces-
;HIT l:;t;r';ea in the Jowrnal of Philosophy, Pspehology and Scientific Methods,
ug., :

*Op. cit., pp. 224 11,
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this interesting analysis, but I may reeord a repeated observation
of my own experience which I have found verified in the case of
several students who make mueh use of the words, that there are
no two words which I more often confuse, and apparently in direet
proportion to the times read than the English words psychologieal
and physiclogical, and a good second are the words philosophiseh
and philologisch. My own observation is that these words are
read wrongly repeatedly and therefore vead as wholes, and even
when the eontext makes it elear that a mistake has been made it is
only with the greatest effort that it is possible to analyze them
into their parts and tell *which is which,'—so strong is the ten-
deney to read the words as wholes,'

That the domineering letters as well as other peeuliarities which
we note in words, as their lengths and the relation of letters, are
made use of as ‘cues’ in pereeption is, 1 think, not questioned.
Moreover, it is evident that some of the subjeets in the experiments
of Messmer in tachistoscopie reading caught only small sections or
parts of words and that others read larger sections and whole
words. But I have vet to find any evidence to substantiate the
two hypotheses based on these facts, viz., first, that the presence
of several domineering letters and eomplexes lessens the chances
of the perception of the words as wholes,—this point has just been
disenssed, —and secondly, that because some individuals pereeive
smaller extents of words than others (in tachistoscopic reading)
the pereeption of the letters is compesite; i. e, made by a hur-
ried eombination of the fragments of perception. To discuss this
latter point, it is just as logical or illogical to adopt the alternative
that, sinee some subjeets perceive whole words and others only sec-
tions, that, therefore, the real method of the latter is analytie.
That is, it might be argued they really pereeive the whole word or
much larger sections, but only a small section gets to conscious-
ness with suffiecient vividness. Either assumption is equally objee-

'There {8 no difference in the unity and simultaneity of perception of
the two cliasses of words. Both are perceived at onee as units, but
while nennen and welnen are similar in form, the context generally saves
them from confusion, whereas not infrequently any one of the words,
physiologisch, paychologisch, philosophisch will fit for the moment into the
context. The trouble comes when we have to analvze and see which is
the right word. So accustomed are we to perceive words as units, that
we find considerable difficulty in making this analysis. If there is a dif-
ference between these two classes of words, the difference frst appears
when we try to analyze: and of the two classes the latter seems
the harder to analyze. The reverse ought to be the case were they or-
dinarily first perceived as parts, but how much of this is due to con-
text and previous confusion and how much to the presence of domineer-
ing letters, is an open question. The difference in these two classes of
letters iz well worth pointing out, but 1 doubt if the question of their
gignificance in perception has been correctly answered by Messmer.
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that while some letters undoubtedly condition the total-word form
more than others (** Words of characteristic optical ‘Gesammtform’
are more easily reeognized than those of undifterentiated (gleich-
formiger) configuration.”” Op. eit.,, p. 157), yet the percept itself
during a given exposure is unitary and simultaneous.

And, in ordinary reading, the facts brought out in the present
investigation seem to the writer to justify the further coneclusion
that the foveal perception during any given fixation is simulta-
neous, and that when the attention is changed even to a smaller
part of its original field, as in the case of a misspelled word (ef.
gorgeously, Chart 62B), or to a letter out of alignment, as in proof
reading, there is a change in the character and content of the re-
sulting pereeption. The first perception of the word just noted
was of its total word form, the second differed in that it was lim-
ited to a special serutiny for the misspelling. Even such a small
change in the point of attention usually causes a change in the
point of fixation. This means that suceessive seetions of the word
command the eentre of attention. Peripheral images are less vivid
and elear than foveal, but they are always ‘wholes.’

The extent or span of attention may also vary greatly. There
is reason to believe, as will be shown later, that the general char-
acter of the whole line or a large part of it is often perceived dur-
ing the first fixation. In order to accomplish this, the span of
attention must not only be widened, but the attention may shift
towards the periphery. In the latter ease, it is believed that this
change of attention is evidenced by a gradual movement of the
eve towards the periphery, which, as has been pointed out, is most
noticeable in the first fixations. This pereeption is quite different
from that usual in the sneceeding fixations as regards the definite-
ness of its peripheral eontent; but it is at the same time simulta-
neons for large groups of letters and words, the objeet being to
obtain a rough impression of perhaps the length of the line and
its general appearance. It is hard to believe that the snceession
proposed by these authors is not purely a matter of interpretation
and that the snceession is one of syllables and words and not in the
first instance of short and domineering letters. These letters as
far as perception is concerned are, exeept when speeifieally attended
to, perceived as parts of larger wholes.  When on the extreme peri-
phery, they are seen only in rough outline and always in eombi-
nation.

The movement of attention supposed by Zeitler and Messmer,
would in the ease of ordinary (non-tachistoscopie) reading pre-
sumably be limited to the field of the single fixation; they must,
therefore, recognize a more general movement of attention from
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one fixation to another. The latter change is the only one for
which the writer finds evidenee. The former hypothesis not only
lacks experimental evidenee, (diffieult in either case to establish),
but there are some experimental rvesults which tend to disprove it.
Becker' has made an interesting experiment of voluntarily separat-
ing the attention from fixation as a test of suecessive apprehen-
sion. To repeat somewhat for purposes of eclearness:

“The general theory advoecated by Wundt was that the un-
equally favorable position of the different parts of the field of
view during fixation is rendered less noticeable through the fact
that the point of attention moves successively to those letters which
are distant from the point of fixation; a ‘searching’ (Absuchen),
as it were, of the visual field thus oecurs at each fixation. Such
an hypothesis seems improbable in view of the diffieulty whieh is
ordinarily experienced in separating the points of attention and
fixation, and the experiments made tend to disprove it.”’

“In the first experiment [of Becker| the attention and fixa-
tion are centered together upon a letter lying in the primary line
of regard; in the second experiment the attention is separated
from the point fixated to a letter lying to the left of it. If a fre-
gquent change of attention oecurs during the exposure, both let-
ters ought to be equally well pereeived in either instance. The
results show, however, that in the first case the letters to the left
are less often read, and in the second case the percentage of per-
ception of the left letter is twice as great as in the first experi-
ment. "

The writer has also subjected the hypothesis of Zeitler and
Messmer to a further test.  If a ‘searching’ by attention of the field
of view oceurs, it seems not unlikely, in view of the observed rela-
tion of fixation and attention, that the action of attention should
have some effect on the aceuracy or steadiness of fixation, which
might be detected, Photographs have, therefore, been made of the
eyve while reading several phrases and sentences of four or five
short words exposed for 106100,

In order to register on the negative along with the reflection
from the eornea the exact time or point where the exposure began,
the electrical eivenit of the fall exposure apparatus was eon-
nected also with the spring pendulum and was closed previous to
exposure, thus keeping the pendulum drawn to the magnet; the
beginning of the exposure broke the cirenit and released the

——

1 Op. eit.

"Quoted for convenlence from the writer's review of the artiele of

Becker in the Jowrnal of Philosophy, Psychology and Scientific Methods,
Aug., 1805,
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pendulum.  The wvibrations of the pendulum then gave opportu-
nity to determine how soon after the exposure any movements oc-
eurred, in ease that should happen. The results of four reeords
are as follows. A copy of one of the plates (2 records, Nos. 4
and 5) is reproduced in Plate IV,

=

DESRIPTION OF PLATE IV.

(The records are one-third the size of the original records.)

Al Record showing the steadiness of apparatus and absence of lat-
eral movement in the falllng plate. It is a registration of the reflection
of light from a gilded bead placed in the head rest.

2. Vibrations of Koenig tuning fork (vibrating 100 per second) ef.
Pl. II. The horizontal knife lines at every 19 vibrations represent the
incidence of the oscillations of the spring pendulum.

2. Steadipess of fixatlon. Record shows the degree of steadiness in
fixation which it s possible at times to maintain for a short interval
The oscillations of the pendulum appear on the left side of this print;
the light is admitted to this part of the negative only through a small
aperture in pendulum.

4. Record No. 54. Tachistoscopic reading. (This print was by mis-
take inverted, i. e., mounted upside down, the beginning of record is at
the top edge of page.) The arrow marks the beginning of the ex-
posure, Note that the unsteadiness of the eye begins a little fefore the
actual exposure.

5. Record No. 63b. Same as No. 4.

6. Effect of the recollection of memorized passages upon the steadi-
nesg of fixation. The arrows denote the beginning of new lines (of
poetry) in the recitation.

Plate IV. B. Line drawings of eye movements in the visual recall of
memorized passages. (See text.)

In two of the records there is absolutely no evidence of any
movement or unsteadiness of the eyes. This is surprising in view
of the diffieulty of maintaining steadiness. In the other two ree-
ords (those reprodueed in Plate TV, Nos. 4 and 5) there is some
nusteadiness of the eye at the time of exposure. Since, however,
in each case the unsteadiness begins about 400 before the begin-
wing of the ceposure, i is clearly not due to a movement of alten-
tion, but simply dune to the museular tension of maintaining fixa-
tions previous to the exposure. The unsteadiness lasts for an equal
or somewhat longer time after the exposure. It is also interest-
ing to note that these (338 and 34A) were the last two records
taken. Several intervening exposures were made, and the fatigue
of maintaining preliminary fixation may have had something to
do with the inereased unsteadiness, If the attention moved about
as argued hy the above writers, its movements would often be of
much larger extent than the usual interfixation movement. It seems
unlikely that sueh changes shonld in one case cause a change of
fixation and in the other case produee no effeet on even the steadi-
ness of the eve. 1f, on the other hand, perception is simultaneons
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for the given area in question, and the attention changes only
when its field is extended, or contracted to a smaller area of the
gsame field, we wonld naturally expeet no change of fixation, as in
the present instance.

Finally, the movement of attention supposed by these authors
does not differ either in its purpose or, in many cases at least, in
its extent from that which aceompanies every change of fixation.
In one ease, however, there is always a physiologieal accompani-
ment, in the other, none. The purpose of the change during fixa-
tion is, aceording to the Wundtian theory, to equalize the unegually
favorable portions of the field of view; aceordingly, the change in
this case must not infrequently ceover an extent of twenty-six let-
ters,—indeed the theory was invented to explain such extensive
perceptions,—that is, an extent of reading matter larger than that
covered by the average change of attention which accompanies fixa-
tion. It is eertainly necessary to explain how such movements of
attention eonld oecur without affecting the steadiness of fixation.
One more objeetion may be made by the defender of suecessive per-
eeption to the above experiment, namely, that in the case of the
short exposure the disappearance of the objeetive stimulus renders
a change of fixation useless. It is, therefore, inhibited, although
the movement of the attention itself is carried out. This point is
discussed in the following section.



CHAPTER VII1
Visvar Proorsses [nvorvep 138 RECOLLECTING

But is it true that the continued presenee of the objeets of
perception is essential in order that a change of the attention may
‘release’ the motor discharge of the eyve museles; and, if so, i8 the
inhibition of movement always successful? The results of another
experiment seem to the writer to offer some evidence upon this
question.  That which we ordinarily do when we run over in ‘our
mind’s eve’ the lines of a page whiech we have just been reading
or of a passage which we have committed to memory offers an
instance of a movement of attention over a field that is not pres-
ent to the visnal sense, execept as a memory image. The fading
after-images of the short exposure must furnish a much more ob-
jective basis for motor disecharge than those recalled after an in-
terval of time has elapsed. Is, however, the recall attended by eye
movement! The experiment was made in two parts. In the first
case the subjeet, while stationed before the eamera and looking
straight ahead at a white eardboard placed at ordinary distanece
in lien of a page of print, repeated a stanza of Longfellow’s Evan-
geline whiech had been previously memorized. He was asked to
repeat it to himself in a just aundible tone much as he would do
naturally if by himself. Of the subjects employed one was quite
unaware of the purpose of the experiment, the other was familiar
with it. (Cf. Plate IV, No. 6.) Sinee, however, small movements
or unsteadiness of the eye are not subjeet to voluntary control,
knowledge of the purpose of the experiment could hardly have any
effect on the results. The second division of the experiment dif-
fered from the first in only one particular, the subject was in-
strueted to try to hold in mind a visual image of the page as the
lines were repeated.

In order to be able to tell what part of the passage corre-
sponded to any given point in the records, just as the last word of
each line was repeated by the subjeet, the experimenter closed or
opened alternately an electrie switeh eontrolling an indieator. The
movements of the indicator were recorded in the plate at the side
of the corneal refleetion, as deseribed above. A record (of the
subject who was unfamiliar with the objeet of the experiment) is
reproduced on Plate 1V, No. 6. As may be noted there is eonsid-



[1a) THE PSYCHOLOGY OF READING

erable eve movement during the reeitation. The movement, more-
over, is not that of mere unsteadiness of the eve, but there are sev-
eral changes of position which closely resemble the true interfixa-
tion movements, In this case the subjeet was ‘holding in mind’
the visnal image of the page.

When the passages were merely repeated, the movement was not
so marked, (the motor discharge moving perhaps into other paths
more naturally, e, g, the auditory-motor system.) A difficulty in
recalling parts of the passage quite uneonseiously contributed to
the value of one of the records. The hesitation and attempt to
remember aceentunated the eye'’s movements. Several changes of
fixation nearly equaling in extent a movement from the end of one
line to the beginning of the next are made during this confusion.
This record and also the records of this subjeet when instrueted to
keep in mind the appearance of the page ean unfortunately not be
directly reproduced beeause of the faintness of the negative. A
careful pen drawing of the distinet parts of the records may
e found on Plate 1V, B. The second drawing (No. 2 in Plate)
(GOB) (subjeet tryving to secure visnal image of words of page
as he spoke them) shows not a little resemblanee to the nsual
fixation pauses and movements. Several long movements like the
usual return sweeps of the eye are of most interest. These long
nninterrupted movements are introspeetively the most prominent
of our motor sensations. They are in fact practically the only
sensations of eve movement whiech most persons have.

Individual differences are to be expected, dependent possibly
on the eloseness with which the subjeet approximates the wis-
nalist type.  As is well known, many ean recall during the reeita-
tien of a memorized passage a pretty constant image of the gen-
eral appearanee of the page and of an oceasional word or group
of words., The records of the second subjeet are more conclusive
than those of the first. dune donbtless to an individual difference in
this respeet. They show that, if there is a distinet ehange of the
point of attention, a corresponding eye movement may occur even
if the objeet is only imagined. Since during the period immedi-
ately following the momentary stimulation of the short exposure
with the tachistoscope the image of the words exposed is held in
mind for a brief moment in a way not unlike that of the above
experiment, it seems likely that, if in that ease, too, the changes
of attention,—often of wide extent.—assumed to oeeur upon the
Wundtian  hypothesis, did aetually take place, they could not
fail to have a physiological effect upon the eye’s fixation similar
to the above deseribed motor phenomena.



CHAPTER VIII
THE Duration oF THE Fixation Pavuses
§ 1. Relation o the Number of Pauses

The more pauses there are in a line the shorter their lengths
on the average, and, viee versa, the fewer the pauses the longer
any one pause is apt to be, The number and duration of the
pauses must, therefore, be considered together in an analysis of
their functions. Viewed simply from the standpoint of speed of
reading, it is in general an advantage to read a given line with
the smallest possible number of pauses, because while the elimina-
tion of a pause inereases somewhat the average duration of the
remaining pauses, the total time for the line is decreased, or re-
mains eonstant. In the third reading of the first line of the news-
paper passage by H (Chart 1, p. 75), for example, the average
time of the four fixations was 215¢: in the fourth reading three
fixations are made with their average length 286, but the third
as a whole took the same time as the fourth (8560¢); similarly, in
the second reading of the second line the total time for four fixa-
tions was 950¢, that for the third and fourth readings in three
fixations each 670s and 520¢ respectively.

Other comparisons of this fact ean be made from the Chart 1
of fixation pauses on p. 75. When, on the other hand, we regard
the matter with reference to the differences of words in ease of
recognition and assimilation, as, for instanee, if we wish to deter-
mine what words and sentences are from this standpoint best
suited to be put into an elementary school reader, the length of
the single fixations and not their number becomes most important.
To refer again to the ehart (1) on p. 75, although the number of
fixations is about the same, the fourth line has a little advantage
in the time that is needed for recognition and assimilation.

The average durations of the fixation pauses of five subjeets (see
Table VII1) in reading the same newspaper passage were (Sub-
jeet T) 160.82¢ (A. D. 36.8) ; (Subjeet H) 216¢ (A. D). 50); Sub-
jeet 8) 255.5¢ (A. D. B7): (Subjeet F) 401.9¢ (A. D. 163.7);
(Subject M) 190 (A. D. 79.9). In reading a scientific passage
taken from the Popular Science Monthly, the average for T was
169.41¢ (A. D. 53.01); for H 241¢ (A. D. 67.3), and for Subjeet
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S 25357« (A. D. 102.7¢)." These differences between subjects are
naturally very elosely correlated with their differences in the ra-
pidity of reading, as determined by these tests and by others given
independently. In the accompanying charts, pp. 75-82, the dura-
tion of the pauses in each line and the total and average lengths
have been denoted, and on pp. 77-80, several lines of the news-
paper column are put in immediate succession for better compari-
son of these appereeptive differences of the subjects. In the fol-
lowing table (Table VIII, A-D) the average number of fixations
has been given with the average and median lengths for several
passages.  The larger number of pauses in the longer lines shows
that the total time per line was, of course, mueh longer.

Tarre VIIT

The average and median durations (in o) of the firation pauses of
different subjecls in reading the same pages

A. A newspaper column,
Width of line 57 mm., Height of type 1.5 mm.

Av. No. of
Av. M. A, D. pauses per line.
Buab. T, 1608 152 36.8 3.7
i . 216, 220 il 3.9
ol - ¢ 255.5 235 87 5.5-6
il 401.9 240 163.7 5.4
M. 196 160 79.9 7

B. 'A License to teach.’
Width of line 5.5 mm. Height of type 1.6 mm.

Av. No. of
_ Av. M. A. D, pauses per line,
Sub. H. 211.¢ 186 68.7 .
o 2007 186 61.0 7
DR 205 4 277 91.3 5.5
Bt 275.9 257 G7.2 o3

C. Athletica.
Width of line 107.5 mm. Height of type 1.5 mm.

sSub, St. 2152 199.58 3.3 5.6

D. A scientific article.
Width of line 107.5 mm. Height of type 1.5 mm.

" i Av. No. of
v. : A. D. uuses per line,
Hub. T. 169.4 14540 580U £ E.EPB

L 7 I 241 218 6874 h.4

S e 2535 200 102.7 7.6

'The times given for these pauses are accurate within ten sigma.
For purpose of securing as many lines of reading as possible on one
negative, the rate of fall of the photographic plate was made very slow.
The long duration of the fixations makes such determinations sufficiently
iiu-::nr:l.lrs;’:.i‘e1i*n.'ul- the purpose in hand. With a faster fall, the records can
e Tea 0 le.






CHAPTER IX
THE SPrAN OF ATTENTION AND THE DUrRATION oF PAuses

It is natural to suppose that the length of time the eye spends
at any one part of the line is somewhat indieative of the apper-
eeptive qualities of those words. This is, however, not literally
true. The attention is often distracted by matter lying on the ex-
treme periphery and by words immediate!y above and below in other
lines. Tt has already been argued that the eye fends to follow
each shift of the attention in order to bring the object nearer the
fovea, and that the unsteadiness of fixations is due to the acute
unbalanee and general alertness of attention to peripheral exeita-
tion. It is eertain at any rate that within the rather long dura-
tion of the fixation pause the attention is, so to speak, distributed
over the immediate field of view. The duration of any one pause
need not, therefore, neeessarily represent the time that is neces-
sary to perceive the words immediately fixated, although it may
do so approximately.

The first noticeable instanee in point is that of the first fixa-
tion in each line. As may be seen from the distribution of lengths
of pauses aceording to their order in the line, the longest pause in
the line is very regularly found at the first fixation. Sinee it is
evident that the more diffieult parts of the line do not always eome
first, some other explanation must be sought. The fact is illus-
trated in the distribution in Table IX A. The median durations
of the first and fellowing fixations in reading several lines of a
newspaper column are there compared.

Tarie IX

The median durations (in o) of fization pauses distributed accord-
ing to their order in the line

A. Newspaper column. Length of line 56 6 mm.
(13 i | fd Ith Gth Bih ith
Habjeet  fixation fixation  fixation fixetion fixatlon  fAxation  Axatlon
M AD M AD M LN i M AD M AD M AD M AD

T 1M M4 148 185 151 204 B |
H 0 43,5 190 f7.3  t05 m2a 2w 44 140 40,
! =8l 3 VI M 1IN 28 651 ZLAE6E 243 Bl.d 1M 45

B. Scientific passage.

M AD M AD M AD M AD M AD M AD M AD
180 47.1 140 20, 0 7.1 186 238 140 13.3
160 58, 200 64, igd  3I. 200 2. 200 202 180 123 870 214

T
&
Z
3
=
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readers. It seems to point to another differentiation and cause of
the individual variations in the veloeity of reading, and it might
be naturally expeeted that a certain amount of ‘prevision’ would
contribute to the grasping of larger units of thought than when
the attention is more eontracted. As just said, it may be for this
reason that the rapid readers need to make fewer pauses per line,
The faets, in a word, justify the conelusion, that the attention is
much more widely ‘distributed’ at some pauses than at others—of
this there is really no question, the different extents of line be-
tween the fixations must be explained on some such hypothesis,—
and, secondly, that the frequent ocenrrence of a longer initial pause
shows that the lengths of the fixations are not solely dependent
upon the apperceptive character of the words or phrases more im-
mediately attended to, but that they are presnmably influeneed by
other parts of the sentence, 1. e., the assimilative attention is more
widely extended in some pauses than in others. The explanation
given above for the so-called ‘shifting’ movements in the direction
of the eyve advances, is none other than this, i. e., the attention is
ahead and ‘pulling’ the eye along.

In the distribution in Table 1X B of the durations of the fixa-
tions in a longer length of line the first fixation is not longer than
the average. It is to be noted here, however, that at the beginning
of nearly every line there is a ‘refixation.” This means that in
the first fixation the attention is directed to the left and towards
the edge of the page, and eannot, clearly, then, perform the fune-
tion of seanning the line as a whole to the right., It may also be
that in this ease the involved style necessitated a more contracted
span of attention and gives little opportunity for grasping the
larger units of thought. 1f, however, the refixations are counted
in together with the first fixation pause,—and there is good reason
for doing this, sinee only when taken together do they represent
the full amount of time spent at the beginning of the line,—the
above disenssed phenomenon holds equally good of this latter pas-
sage. Ome other factor must also be taken into account, that is,
the greater length of text-line in the second passage. It is quite
possible that a longer initial pause in a line of this length would
be of but comparatively little value beeause, first, the pereeption of
the extreme periphery wonld be mueh less distinet, and, secondly,
because the greater separation in the long line of those phrases
and elauses which belong together may make such prevision rela-
tively more difficult. (See Chapter XII for further elaboration of
this point.) The gquestion as to which one of these factors, style,
length of line, ete,, gives the correet solution to the problem is
finally diseussed in Chapter XI11, where new data concerning the
phenomenon is presented.
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§ 1. Experimental Isolation of the Reading Pause

Although, in view of the preceding, pereeption eannot be eon-
sidered as limited to the period of fixation, valuable data has been
secured and may yet be expeeted from the experimental isolation
of the reading pause. A method for further investigation which
for some purposes has several advantages over that of the fall ex-
posure apparatus and the tachistoscope is the following. If words
and short sentences are arranged, as the following series of non-
sense syllables, p. 66, at such a distance apart that when the eye
is fixating one, the other is not within the range of clear vision,
there will be but a minimal disturbing influence of irrelevant mat-
ter, and the length of the pause will be approximately that which
wonld be made in actual reading. As the length of any pause de-
pends in part upon the diffienity of recognition and perception, a
eomparison ¢an be made of the words and phrases in this respeet,
and, secondly, the extent of the line that may naturally be per-
eeived together when the eye is freed from other distracting ele-
ments at the periphery and in the lines above can be determined.
For, if the group becomes too large, a second fixation will be made.
As an illustration a print is made on Plate V, 1, of the length of
time spent by the eye in the perception and assimilation of the fol-
lowing series of nonsense words. The eye, as will be seen from the
print, followed the arrangement of words and made but five panses
in each horizontal line.

Several factors which may be differentiated by further experi-
ments evidently enter into the assimilation or apperception of the
nonsense svllables. A study of these elements should throw light
on the process of word apperception in general. The length of the
pause is due in part to the sequence of letters. If that is the nor-
mal or more common sequence of words, such as ‘werq,” ‘wopi,’
‘gero,” “apli,” ‘enfa,’ the assoeiation process is less interfered with;
such combinations as ‘eino,’ ‘weao,” ‘dpin,’ disappoint the assoeia-
tive expectaney and the time taken for perception is longer. A see-
ond and perhaps more important element is that of the ease of pro-
nuneiation. The syllables last mentioned, ‘eiuno,” “dpin,” ‘weao,’
ete., as well as others like ‘fiea,” are evidently much more diffieult to
pronounce at sight than ‘wopi,” ‘gero,” ‘werq’ and even ‘fhwe.” Ar-
tienlation or some form of motor expression is undoubtedly one of
the factors whieh determine the length of the fixation pauses in gen-
eral and its influence presumably varies with different individuals,
the rate of reading of some apparently heing not faster than some
form of motor expression. I have made comparison, for example,
of the tables of the rate of reading of twenty or more subjects as






CHAPTER X
Toe NUMBER SPAN OF ATTENTION

A similar experiment has been made with nmumbers. Numbers
for reasons which are discussed later are well snited {o an experi-
ment of this sort, chiefly because in reading them the span of at-
tention is more limited to the area of the immediate fixation pause
than in reading of words or even of nonsense material.

The results of the experiments as given below show that it takes
an appreciably longer time (2101¢) to read a series of twenty-four
numerals when grouped as fours than when grouped as threes. The
reading of larger groups of five and six figures demands a propor-
tionately longer time. The reason for this fact is, it i1s believed,
that the groups of numerals are not read as wholes, as words
usinally are, but by their separate digits. The proeess of analyzing
and reecombining the larger groups makes a greater demand on at-
tention which, as denoted by the greater duration of the fixation
pauses, is proportionate in almost geometrical ratio to the number
of digits in the groups.

Why should numerals differ from words in this respeet? The
pathologieal eases cited by Brandenburg, as Storrung® has shown,
point to a difference in the eentral eonneetions between words and
pumerals, and as well between the names of numerals (i. e., written
with letters) and the figures themselves. The subjects had lost
completely the eapaeity to read words and single letters, but they
could read numbers ‘ganz fliessend,’ even up to five or more digits.
The explanation of the difference is that if the subjeet could read
a single number he ecould easily read several, as it would be
simply a matter of position; whereas if the subject could read let-
ters it would be no indication that he could read words. (The
now well-known eases ecited by Leube and Liowenfeld, in which the
patients were not able to read letter by letter but only when the
total word was seen, show *‘that the Gesammthild of the word ean at
all events play an important part, and that reading does not need
to proceed letter by letter.” A series of figures, to put the mat-
ter another way, cannot aequire the independent significanee which
words do, and that because the suecession of letters is always the

' Storrung, Vorlesungen iiber Psychopathologie, 165 T,  Leipsig, 1900,
! 8torrung.  Op. cit , 163, 164,



B8 THE PEYCHOLOGY OF READING

same and unchangeable in a given word, but in a series of numbers
the possible variation is almost infinitely large. It is to be ex-
pected, therefore, that in reading numbers the attention is con-
cerned with mueh smaller units than in reading words. And this
proves to be the case.

The method of experiment has already been indicated. The
results of one subject will be discussed for illustration. In the
first record twenty-four figures were spaced in groups of threes.
There were two lines of these gronps. In the third line the digits
were printed conseeutively without spacing. In the second record
the same number of numerals was grouped by fours and a similar
unspaced line of twenty-four was printed below it. The third
record was of mixed groups of numerals of from two to six digits.
The original pages were typewritten. They are reproduced here in
as nearly similar type and spacing as possible. The photographie
records are reproduced in PL. V, Nos. 3 and 4. No. 2 is the read-
ing of an unspaced line of numerals by another subject.

473 868 B873 €85 938 ©5B3 683 984

948 374 0567 284 738 0927 684 734

4738204837465838284736450

748392837465738283847564

2849 8426 5748 2938 8493 75849

7584038273645372840838475

8696 3847 7483 5928 5748 8483

8758038273645627384958773

*This last group through a mistake of the typewriter was made of
five digits instead of four.
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The time taken to read the two lines of eight groups of three
figures was practically the same (3625¢ in one ease, 3610¢ in the
other, or an average of 452« for each group of three). The time,
however, taken to read the six groups of four digits was 5727¢ or
an average for each group of 955¢. The results of the experiment
came as a surprise to the subjeets (the results of two other sub-
Jeets and with different series were similar). Introspectively it
seemed to the subjects that the groups of threes and fours were
perceived as wholes and with equal facility. The next part of the
experiment further illustrates where the diffieulty lies. The sub-
Jects were instructed in reading the unspaced lines to group them
in reading in the first case by threes and in the second case by
fours. This the subjects believed that they did suceessfully. The
only difficulty noted introspectively was that the ‘eye ran too far
ahead of the group that was to be singled out, neecessitating some
backward movements.”” The record shows that this is somewhat
the case particularly in the grouping by fours. The result was
similar to that in the spaced groups. The total time taken for
reading the twenty-four letters by threes was 5068«, by fours 62474,
The exact series and arrangement of the third experiment is
given below, and below it' the times taken to read each group. The
photographiec record of this experiment was omitted by mistake
and is inserted at the end of Plate V as No. 14.

287 4936 802 587635
680243 832 0477 28
3544 02 889 43621
83 482 0087863 29

Times in o taken to read the above numerals grouped as above

'0On next page.
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443 824 451 2964
1658 410 824 410
857 <B4 451 1148
451 476 1895 e

The reason which seems to the writer to underlie these differ-
ences in the time taken to read two digits and six digits has al-
ready been suggested. It does not ordinarily take any longer
{see charts below) to read a long word of ten letters than it
does to read a short word of three, in fact, as will be seen, the small
word may cause the greater difficulty. This seems to justify but
one conclusion, the words are read as wholes; and the fact that there
1= a constantly increasing ratio of time taken in reading the larger
numbers shows that the latter are not so read. The innervation is
split up and, as said, it is first necessary to analyze and then com-
bine into wholes. The experiment with the unspaced line of nu-
merals further illustrates that under the exaetly similar cireum-
stanees it is harder to pick out a group of four numbers and then
combine them than it is to analyze and unify a group of three.

If the attention is in these readings analytie, so to speak, this
should supply a fair test of the above deseribed hypothesis that
the changes of the attention in perception will cause corresponding
movements of the eves even within the small limits indieated. Are
stuech changes in the loeation of the fixation pauses to be discov-
ered in the records? For purposes of comparison prints of two
of the negatives have been reprodueed on Plate V, one of the read-
ings by threes and the other of the groups of four digits. The
prints do not, unfortunately, show the minute changes as well
as the negatives themselves. The small shifts of the bright point
can be easily detected in the original records, by small differences
in the intensity of the impression on the negative. If the eye re-
mains for even an almost unmeasurable fraction of a seecond longer
in one place than in another, the film is sensitive enough to eause
a differentiation in the ‘depth’ of the impression. The general
penumbra tends to obseure this, but the difference ecan be eclearly
detected when the record is held before a bright light. These minute
but exaet differences are guite indiseernible in the prints, espe-
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aially as the reeords are reduced in making the plates. However,
a ecareful comparison of the prints of the readings of sentenees
and those of the numerals will show unmistakably that the fixa-
tion of the eye in one case is usually without noticeable shifts,
whereas from two to five separate and distinet breaks can in most
¢ases be detected in the fixations of the numerals. When the num-
ber is over four, one or more of the movements is regressive. In
the record representing the reading of the unspaced line of twenty-
four digits no less than thirty changes or shifts of the bright point
can be counted. This shows that the eye necessarily moved back
and forth somewhat in analyzing and eombining the separate digits
into the preseribed units. And it is the contention of the wriler
that tf a similar process of analysis and combination were gone
throwgh with by the attention in reading the words and domineer-
g letter complexes, ete., there would necessarily be some similar
indication in the angular displacement of the line of regard.

These differences appear in the reading of numerals only be-
eause the proeess of perception in the latter case is materially dif-
ferent from that which takes place in the reading of words. In
reading groups of three or more numerals the process of innerva-
tion is broken into smaller divisions:' in the reading of familiar
words and phrases, it is a unit coextensive with the whole imme-
diate area of the fixation. Groups of numerals (except in the
case of familiar dates, as 1905, which are exceptions that prove the
rule) are so seldom made up of the same series of digits that they
never acquire a ‘Gesamtbild,’ and arve therefore recognized as totals
only after a successive perception of the digits has taken place.

The ease is exaetly similar in the reading of groups or lines of
consonants; where vowels are added as in nonsense words, the

' Although records were also made at the time the above were taken
to determine whether even groups of two are regularly recognized as
wholes, they are not accessible, and there has not been opportunity to
repeat them. The records of the readings of Nos. 28 (2nd line, No, 4);
92, (3rd line, No. 2): and 92 (4th line, No. 1), (see Pl V, 14), as well as
the number of separate movements in the groups of four seem suflicient
evidence that the single digit is often the unit.

The results for at least these subjects evidently do not agree with the
conclusions of the tachistoscople experiments quoted earlier that “on the
average consciousness can at one time grasp four numbers, three to four
letters,” ete. The discrepancy iz found also in the perception of words
but not to the same extent for the same subjects. If the interpretation
given above of the purpose and significance of the fixation pauses is cor-
rect, 1 must presumably be conceded that (1) the results of tachlsto-
scopic experiments cannoi be applied directly to reading, and that (2) a
greater dependence is put upon the visual memory image of the percep-
tion in the former case than in the ordinary practice. That is, either
(1) the actual extent of matter assimilated iz greater in the short expos-
ures, and (2), sinee the text is no longer hefore his eves, the subject has
learned from a little praetice to depend more on the visual memory
Images than Is customary in ordinary reading.
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gpan of attention is somewhat widened by the occasional recogni-
tion of a familiar syllable.

This is the significance of the difference in the time of percep-
tion of words of inereasing complexity, as determined by Cattell,
and the numbers of increasing digits, as determined by Fried-
rich. Cattell found (Phil. Studien, 111) that the recognition of
one short English word from a set of twenty-six took 360e, a short
German word 367e, and a long English word 3750. Here was an
inerease of but 15¢. Friedrich found (ef. Jastrow, ‘The Time Rela-
tions of Mental Phenomena Table,” pp. 32-33) the reading time of
one place numbers to be 318¢ (simple reaction time 186¢), for three
place numbers 397¢, and for five place 6970. The inerease in the
complexity of the words was much greater than that of the numer-
als, but the time taken was shorter because the plurality was more
of a unit in the case of words than that of numerals, which could
not be grouped, for the reasons assigned. It will be shown in the
following charts (Chapter XI) that in many instances the long
word took mo more, and perchance even less time than the short,
beeanse by means of abbreviated cues its real eonscious significance
was no more complex than the short word, and not only did not
demand an analysis by a fluetuation of attention, but its abbrevi-
ated eue made its recognition even quicker than in the case of the
short word. The original results of Cattell for lines, figures and
letters illustrate and substantiate this conclusion as well as any. A
series of short lines is most easily grouped, secondly figures, and
least easily nonsense words, i. e., disconnected letters. The rate of
error in the letters inereases most rapidly beeause the natural word
association 15 at every inerease more difficult, whereas the analysis
of the larger groups of numerals is not so diffieult because we are
accustomed to divide them into seetions, and secondly, there are
no interfering associations as in letters. The inerease in time
although marked is for this reason much less in the case of numbers.
The lines are homogeneons and for this reason more of them ean
be perceived at one time than in the case of either letters or
numbers.

The question of the distribution or fluctuation of attention sim-
ply resolves then into one of the suecess or failure in forming uni-
tary groups.

The experiments of Hylan on the distribution of attention
(Psychological Review, 1903), reinforece this point. We pereeive
suceessively that which has no eonnection, but as soon as connee-
tion appears between the isolated pereeptions, they tend to be uni-
fied: our perception is no longer suceessive. It appears (Cf., p.
200) that the pereeption of isolated figures of inereasing com-
plexity was sueccessive, as denoted by the regular inerease in the
time of reaction, but that with five fizures this fluctuation and
counting proeess could not go on in the time given. What exped-
lent was then unconseionsly adopted? They were grouped rhyth-
mically into groups of one and two, or three or four, with the re-
sult that the reaetion time was shortened. This grouping was not
made by all subjeets, and with the natural result that when the
numbers were successively perceived, the reaetion time was uni-
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formly longer. Here again this individual difference in the in-
ability to group into units appears, and it would be interesting to
know if this inability was not elosely correlated with the rate of
reading of the different persons.

The general conclusion is that there is strietly no such thing
as a distribution of attention to disparate and unassociated things,
and that such distribution is a psychological and logical impossi-
bility. When things are isolated in association there is a
fluctuation of attention between them. When by means of
the many tricks of association they are grouped into a conscious
unity, this fluetuation is no longer necessary. The whole of the at-
tention is given to the process until another isolated factor is in-
troduced, and the question is simply again renewed whether the
Aluctnation of attention must oceur to keep them both before eon-
sciousness, or whether the new factor can in some way be linked to
the previous complex.

DESCRIPTION OF PLATE V.

1. ﬁlneading of the list of non=zense words printed on page 66; b worda
to a @,

2. Reading of series of unspaced numerals.

4. (No. 70 A.) Reading of lines composed of eight groups of three
digita (spaced in first two lines, unspaced in third line). (Bea Chart,
p. G8.)

4. (No. 70 B.) Reading of lines composed of six groups of four digita
(spaced in first line, unspaced in second line). (Cf. Chart, p. 68.)

6. No. 3¢ A.) Proof-reading.

6. (No. 35 A.) Proofreading.

7. (No. 33 A.) Heading aloud or with articulation °‘St. Petersburg,'
etc. Subject H. Cf. Plate II, No. 5, for silent reading.

. (No. 42 A.) Reading aloud ‘A license for promotion,” ete. Subject
8. Cf. Plate 11, No. §, for silent reading.

9. (No. 45 A.) Subject D). Reading from child’s book.

10-13. Children's Reading.

10. (No. 72.) Child, age 9.

11. (No. 25.) Child, age 10.

12. {(No. 21.) Child, age 11.

13. (No. 22.) Child, age 11.

14. (No. 71.) Reading lines composed of groups of two to slx digits.




CHAPTER XI
Tae Locarion oF THE Fixation PAuUses
£ 1. The Location of Pauses in Ordinarvy Reading

The experimental methods which have been hitherto emploved
in investigating the reading process have been too inexact to plot
with any econsiderable aceuracy the parts of the lines directly fix-
ated. It is on this account principally that little is known of the
reasons why the fixations oceur at one point in the line rather than
at another. As preliminary to a diseussion of these conditions, 1
have marked for examination and comparison the loeations of the
fixation pauses in the readings of several subjects and of several
kinds of subject matter and line arrangement. (See Charts 1-X1.)
The general method of measurement has alrveady been indieated
above. A vertical line, as |, drawn at the letter or spacing de-
notes the ‘Blickpunkt' of the eye in fixation; when the fixation is
nnsteady or shifts, a bracket, |, denotes the starting point and a
parenthesis, j, the end of the movement. When the shift is from left
to right, the order of the signs is | ), when from right to left it is
(}]. When the eye simply osecillates back and forth during fixation
the limits of the movement are then marked by two brackets [].
Sometimes the first fixation falls farther within the line than the
second (ef. Refixations and Regressive Movements). This reversed
order is denoted by the letters a, b, e. The duration of the pauses
in sigma is placed as an index number at each sign, as

T 9 B G -l i A

This series of signs 18 made use of to indicate the following
series of movements and fixations. The first fixation (a) fell short
of the end of the line; during the pause of 225 sigma there was a
gradual ‘shifting” from left to right within the limits marked by
the brackets and parenthesis; when the line of regard had reached
the point denoted by the parenthesis, there was a rapid movement
made back towards the left fo the point marked by the straight line
by the eye paused here 2250 a forward movement was then made to
the place indicated by the bracket Je. During this pause of 220¢
the eye gradually shifted to the left as far as the parenthesis. The
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next movement brought the line of regard to |d. This fixation was
maintained without unsteadiness or shifting; the next advance was
to le at which point the eye paused for 4100, the sixth fixation
panse was made at f. Here the shifting of the eye was made now
to the right and now to the left, for simplicity the limits only of
this shifting in two directions are given, and they are marked by
the two brackets facing each other. With this explanation it is be-
lieved no difficulty will be found in interpreting the signs.

At the right side of some charts a table is given of the number
of pauses. The averages for the whole page are given at the end
of the passages,

In Chart 1 A several readings of a newspaper column by the
same subject H are arranged line by line for comparison. Only
three lines of the first reading are given. The seecond reading was
made a month after the first. The others were made in immediate
suceession after the seeond. Chart I B shows the first and fifteenth
readings by another snbjeet of this passage.

Chart II shows the loeation of the fixation pauses, ete., of five
different subjeets, T, H, 8, F, and M, in reading this same news-
paper column (of the day on which the experiments began). These
readings are arranged line by line for better comparison.

Charts 111 to VI, (pp.81-82), are the readings of four subjects,
T, H, S, and St, respectively. The passage is one clipped from a
current number of the Popular Science Monthly.

Charts VII to X1, (pp. 87-88), are the readings of five subjects
of another passage from a school manual.

THE LOCATIONS OF THE FIXATION PAUSES

Svccessive READINGS BY THE SAME SUBJECT O0F A NEWSPAPER
CoLumN

: :
E CHART T A E
] ®
2 1 2
BA ST PETE|REBUR!G. Nov.| 2|—Thje Ad[m)iralty {1
40} 4 an 20
13B aT. PE[TE}RBBURG [IN'}IJ‘F ?|I—"I'Ile Ad[m]lrmtr 4
16A |ET PE:T|ER$BTJRG Nov. [2-——)The Adm!_irﬂ-]lt].r 4
168 ST PETERIE.HIJRG Nov, 2—The| Adm[lra]ll}' 3
2
6A  has| tlelegraphed [to th)e of[fic)ers of| the Ba|ltic 8
b 20 180 240
1B has[ telegra)phed to the| o(flicers] of the [Bal)tie 4
fist] 170 Lt |
15A has| telegraphed to| the officers o[f) the Baltic 3
i 194 270
16B has teleg|raphed to thle offi)cers of t/he Baltic 3
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3
BA flea[t, Jwho [we-r}a (left h&]hinﬂ |at Wgﬂ [in order) ]
180
13B fleet, wh[u ]wer[a }left hah[;nd at Vigo [in ﬂrd&}rl i

178 g 90 g a2
15A fleet, [whnj [were I&!t behind at V[igo }ln |order 4
168 fleet, who wer[a left |hahlnd at Vigo in |u-rl:|-ar a
4
1} 1] 240 2l 130
138 that the[y) |might testify, and] who were( on] 4
e iTe o] 143
16A *Ihat ,they might( te]stify, and [w}ha |were on 4
278 5] i1
168 that thley )might testify, and wthnj were |on 4
130 22 260 p L]
138 theijr (way] to Bt. Petersbur[g, to rejmai(n] in 4
I}“ L] 4
15A the[ir way) to St. Petersbur|g, to remain in 2
264 #Ts 17
16B their way| to 8t. Petersburg,| to remain |in 3
13B Plaris.
16A |Paris.
15B  |Paris.
I1B AND C
Firgr ANp FIPTEENTH READING OF SAME PASSAGE BY ANOTHER
SUBJECT
CHART I B
418
LST} PE’I‘ER[EB]URG Hmf| 2— [Th]e Admtrnity 4
[ ]Fhus teiegrn.[phenl]l to th[e n[]ﬁcers1 nl.' the Baltie T
b ot
|ﬂeet. who| W[EF]E 1&1:1'. hehind [at} |\Figﬂ Ign nrder 6
[th]at they |m1ghl| tent.il‘r.| a.nl:l| whu[ w]e:re un| 7
Ll Iie 14 i T4
their[ way )to 8t| Petersbjurg, to rejmain in| b
[Paris.)
03 248 T o ] i+
[ Admir)al |Kaznakoff,| a mem(b]er| of thje 6
Bt -] -] L]
Admir[alt)y Couneil,[ )who wias appojinted 4
a8 A5y HRE B2
vest(er]day upon( thje in(te]rnational coml[-) 4
) 180 T8 142 Er 42
fmigsion whicjh Is to ijnquire| int(o] the [N)orth 6

Av, duration, 226.6¢; A. D, 87s; M., 238s. Av,
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CHART I C
el 248 120
ST. P(ET]IERSBURG, Nov[. )2—The |Admiralty 3
o) 1o 158
has [te)legraphed tjo the officers [of the Baltic 3
it} 1= 148 T
fleet, w[ho) were [left behind ajt Vigo ijn order 4
07
that [thlgy} might t|e1:‘tlfr, and wiho were on 3
152 25k 144 174
their [w)ay tlo St. Pete|rsburg, to rjemain in 4
w <] [ ]
Pari[s.)
a7 b . 136 7
Ad[miral) Kaznakoff, a [m)ember o|f the k|
1T a4 148
Admira[ity )Council, who was (a]ppointe|d 3
152
e [¥)esterday upon the international com- 2
L]
Av. duration, 212.3s; A, D, 72.27; M., 189.60. Av, 3.3
A D .4

CHART 11
ReEapinGgs BY FIve SUBJECTS OF THE SAME NEWSPAPER PASSAGE

: 1

342 2 182 561

ST. PE(TEIRSBUR|G, No[v.) 2.—Thje Admiralty
i " e 0 250

ST. PE[TE RSBURG, [N)ov. 2-|-The Ad[m)iralty

No. ol Pausas

418 kL 154 156 o
[ST. ]PETER|S'[B]URG Nov|. 2.—(Th]le .ﬁ.dmll‘ﬂll}'
b Iu
8T. P[E"I'ERSBUR[G Nﬂ"i'} 2~—The A [dm}im]l‘.r

= W = & 9
T~ S T

{SIT |PE]TER!EBUH[G }Nﬂ[\r} 2-—-[Th}e Adjm!rﬂ.'ll‘.!'
i) b
2

125 152 b4
has telegrapheld to the offijcers of the |Baltie 3
=0 290 1m0 240
ha[n l&les'l‘a}phed to th1e n[iﬁcara] of the [Bal]tic
[ J- |haa talegrapihe]l;d ]tn‘ thIe nf}ﬁf:ersl of th|e Baltic
d i

b 179 ma © -

s &T
|han tellagﬂapheid to the[ D]ﬂice.'ra of the B[u]tir:

2 =2 m x5 3
=] @ =]

|ltn.43 telegraphed [tﬂ] the r.:-f|ﬂ¢ﬂ|ra of the |En[lt]|c
L]
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CHART V, No. 43 B 8

200 20 HoL)] ] 200 ] 160 140 100
[Evolutionary| s{tud]y and t/hought| have belen hindjered by the |confus-
a1 40 4y L] 1740 (] 1T
|siflon 0)f |two unre|lated biolo|gical phejnomena, (1) evo[lu)tionary[ )progress
b '] [

540 140 200 o L] 1120 2430
lor vi]ial mlotion, and (2) t/he or|igination or [mul)tiplifcation )of [s)pecies.
#i

L
&0

168 ] . /0 T 130
LThe ‘or[igin’ of| a species is not |more| evolutionary [than any) other sjtage
£

#00 12 200 1% 500 1w 1%
fin its| history. The cajuses of the subdi|vision of splecies are |not [causes)
b a

Average pause, 2562.61; A. D. 102.7: Median, 200.

CHART VI, No. 74 A St

25 S48 205 164 180
Evolution[ary) study an|d thought havje been hindered| by the con|fu-
164 154 1] 278 m

giojn of two unrelated| biological phenjomena, (1) evolu[tio)nary progriess

Mz 21 160 45 188

[or vita)l motion, and (2) t[he) origination or multiplijcation of species|.

131 144 . 152 = ] o83
[Tfhe) ‘origin’ of[ )a species is not more[ evolu)tionary thjan any other stag[e)
b g

iy 91 250 217 13
in[ its) history. The ca[uses) of the subdivisijon of species a[re) not causes|

1 (i aaf 152 115 B o
of| vi[tal) motion; the two[ p)rocesses are quite [dilstin)ct, |The separaltion
b a d e

a4 205 o] b - L]
jof two species is nol| a focus of the eviolutionar[y )problem; it is [a )mere

I7d v
[ )inclident of[ dev]elopmental history,
L] d € b

The following observations may be made of the charts in gen-
eral :

The first and last fixations generally fall within the edges of
the line, i. e., at a little distance from its beginning and end. This
is true in less degree for some individuals than for others, and is,
secondly, dependent upon the character of the end words in the
line.

The exact point that is fixated may be in any part of the words,
or in the spacing between them. It does not fall predominately in
the first part of words, nor does it oceur more frequently in the
first part of the sentenee than in the last, and apparently pays

little attention to many of the laws of appereeption, or the rules
of the rhetorician.

< T, oom;m w

B i, cmonm i
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But, as has already been remarked, the exaet point of fixation
may in itself be of little significance, and may vary within certain
limits without affecting the process of pereeption. It is important
mainly as denoting that the attention is ‘distributed’ immediately
about it. In other words, the proeess of assimilation and apper-
eeption are immediately concerned with that part of the field of
perception which lies about the point of fixation. There are, how-
ever, certain fairly well differentiated features which deeide where
the eyve is to stop, and it will be the object of the next section to
point out and diseuss these.

Wiy Does the Eye Stop al the Places Indicated in the Charts?

The purpose of the repeated readings of the same passage by
the various subjects is to give a wider basis for comparison and
analysis of the evidently complex conditions which direct the
peculiar alternation of movements and pauses of the eye. In the
¢ase of successive readings hy one subjeet, if the apperceptive and
other eonditions which govern the movements and pauses are
at all eonstant, it is perhaps natural to suppose that they would
tend to aet much in the same way when a passage is re-read, and in
the later reading, therefore, the fixation pauses would be formed
in abont the same places as before. The familiarity or praectice
secured in the first reading might supposedly aet in one of two
ways., The eye might through practice come to follow a very defi-
nite and comparatively invariable method of advance, with marked
decrease in the time taken for the pause: or, more probably, the
knowledge and remembranee of what was to follow would eaunse
both fewer and shorter fixation panses. The latter effect might be
minimized, if the matter read were such as to be little likely to be
iong remembered, and secondly if several weeks’ time were allowed
to pass between the readings. The first five lines of each reading are
taken for comparison. The second reading was, as stated, made a
month after the first. The seeond, third and fourth readings were
made one after the other in the same hour. The smaller number of
pauses in the second reading shows that some general familiarity
with the word sequence was ecarried over from the first reading.
There is also a somewhat further decrease in the suneceeding readings.
The pauses which have been dropped out or whose work is done in the
later readings by other pauses may be taken to represent the least
essential parts of the line, Where the loeation of the fixations re-
main practieally the same throughout all or a majority of the read-
ings, we may expect to find there the parts of the line most neces-
sary for recogmition, and the factors which eondition most effect-
ively the places where the eye stops.
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In the reading in the case of different persons, there are also
many factors which would seem to work for uniformity. Although
naturally considerable apperceptive differences are to be expected,
a great deal of our reading and training, through sehool and col-
lege, ete., has been similar: the fund of ‘associative expectancy’ in
the sequence of words and phrases must be fairly common, at least
in the daily reading of the daily newspaper and magazine, and
besides the many stereotyped similarities of writing, there are also
certain natural and rather arbitrary signs in the forms of print-
ing which the eye follows. If the more or less artificial matters
of arrangement of type, of spaecing, punctuation, capitalization,
length of line, ete., have an appreciable influence, it would un-
doubtedly be to make the alternation of movements and pauses
more uniform. The similarities in this respeet, which can be traced
in the reading of different persons, will strengthen the evidenee
for the working of definite eonditioning faetors.

What, then, are the faets which hold good throughout? The
first which strikes the attention is that the short conneective and
non-substantive words, the prepositional phrases and relative
clanses, make the greatest demands upon pereeption. This is best
evidenced by the faet that they necessitate the eye’s coming out
quite to the edge of the lines. A comparison of all the readings in
Charts T to VI shows that the phrases ‘in order that’ (third line),
‘who were on’ (fourth line), ‘to remain in’ (fifth line), ete., in-
crease the angular exeursion of the eve nearly to its maximum for
that line. In contrast, compare the distance of the last fixation in
the first, second, and seventh lines from the edge: the words ‘ad-
miralty,” ‘Baltic,” ‘appointed,’ ete., extend the space between the
fixations. So also at the beginning of the line, for example in Chart
I1, subject T, compare the distance of the first fixation from the
end in ‘telegraphed’ (line 2), ‘admiralty’ (line 7). ‘yesterday’
(line 8), with that in the fourth line ‘that they might," ete., or the
twelfth line ‘that there will be,” ¢te. That these phrases are most
important elements for fixation is further made elear in the re-
peated readings of Chart I. In line four, the eve passes with but
a single break from the phrase ‘that they might’ directly to the
word ‘and,” but makes two fixations in the phrase ‘who were on.’
So the preposition ‘in’ (line 5) in the phrase ‘to remain in,” re-
ceives surprising attention for so small a word when it is seen that
all of the first part of the line ‘their way to St. Petershurg’ is
grasped in a single fixation. The decrease in pauses in the re-
peated readings is made most easily in the lines having a few long
substantive words, with greater diffieulty in those lines which are
filled with short worded elanses and relative and conjunetive
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phrases. Compare the groups of lines three and four with those
of one and two. This point is further illustrated by the eompara-
tive lengths of the space between any two fixations in other parts
of the line. For example, again, notice, in Chart II, subjects T
and H, the proximity and number of the pauses to the phrases ‘into
the north’ (ninth line), ‘for the facts’ (end of twelfth line), ‘of
the ease’ (thirteenth line), ‘to formulate’ (fifteenth line), ‘of the
road’ and ‘for the sea’ (sixteenth line), ‘in the naval’ (nineteenth
line}, ‘In that case’ (twentieth line). And contrast, again, the
greater speed of pereception in the words ‘has telegraphed’ (line
2), ‘testify’ (line 4), ‘international’ (line B), (execept in the read-
ing of H), ‘golden opinion among the members” (lines 13 and 14),
‘in Washington’ (line 16). These examples are suflicient to show
that the relative pronouns, prepositions, conjunctions and the aux-
iliary verbs are apt to divide the proeess of apperception into nar-
rower units than in the ecase of nouns and substantive words, ad-
jeetives, ete. The explanation is doubtless that these words are
not associated in one phrase more regularly than in another, they
cannot be fused into a larger apperceptive unit, as the svllables
into a word form, or ‘phrase whole’; but each stands by itself, and
must be so perceived.

A similar frequency of fixation is to be noted about the date
‘Nov. 27 in the first line of Chart I. The reason is evident. The
numeral and abbreviation alse stand for separate units, must bhe
perecived separately, and cannot be easily made a part of some
eonstant unit. The experiments with lines and groups of numer-
als have already emphasized this faet. A similar resnlt was true
in the reading of lines of letters. It would, of eourse, naturally
have been much harder to group the letters. The prineiple in-
volved is probably the explanation of the small units of perception
in the cases of the prepositions and econjunections, ete. Sinee they
oceur now with one word and now with another, they cannot with-
out danger of error be fused into larger wholes, and, for that rea-
son, they must, except where the context gives the eonneetion, he
separately perceived. When the noun or other word implies in
itself the nature of the following preposition, as in ‘The caunses of
the subdivion of species’ (Charts III-VI) the latter becomes an
integral part of the unit of perception. With the word ‘eanse” we
expeet to have ‘the cause of’ or ‘for.” The sort of conjunetive
word, ete., may often be similarly supplied. i

The nouns and adjectives and verbs which have been eited are
in eontrast reeognized with a wider grasp of perception and as
wholes. Such words as (Chart I1) ‘telegraphed.’ ‘international.’
‘Washington,” ‘representative,” are perceived at a single fixation.
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The question may arise as to why there is more than a single
fixation in some of these words, as, for example, is the case
in the word ‘international’ in Chart 11, line 8, subjeet T, ‘evolu-
tionary,” Charts II1 and V, line 1, ‘subdivision,” Chart 111, line 5,
and ‘developmental,” line 8. In the first place, it will be noted
that these cases are very much the exeeption, especially for the
rapid readers or those who have usually a wider span of attention.
Ordinarily these words arve pereeived as units, the fixation pause
oeeurring either im or near them. Charts III and VI, having a
larger number of nouns and substantive words, give the best op-
portunity for making this comparison. It will be noted here that
each one of the long words is perceived by a single fixation. Such
a phrase as ‘biologieal phenomena’ (Chart 111, line 2), which is
perceived with one fixation, is nearly egunal in extent or number
of letters to the working range of the field of perception as de-
termined by the fall exposure apparatus. This is, therefore, the
rule. The exceptions in which a second fixation is made need
probably no further explanation than that in these cases some mis-
coneeption of the thought or incomplete pereeption made it nee-
essary to fixate the word again., As will be further noted in the
- ease of reading aloud, the eye often follows along as the syllables
of a word are snecessively assimilated. This is particularly true
of some slow readers who perhaps depend more on the motor ar-
tieulatory system in silent reading. Compare, for example, the
word eqlui)vallent in line 2 of Chart X (a slow reader.) In the
case of the slow reader the unit is often, therefore, the syllable in-
stead of the whole word.

Not infrequently the appereeption of the individual or his mem-
ory for words and phrases allows of an execeptionally large ‘jump’
between fixation pauses. The word ‘St. Petersburg,” Chart 1, causes
one or two fixations in the first line, whereas in the fifth line it lies
mainly in the field of indireet vision. In another passage (Chart
VII, a teacher of ‘Education’) the long phrase ‘methods and
prineiples of teaching® oceurs in the fifth and ninth lines. In the
fifth line it was read with the usual number of fixations, in the
ninth with one fixation. It is probably this skipping of familiar
or oft reeurring phrases as much as anything which gives readers
the impression that they are reading but one or two words to the
line. In view of these many possible individual apperceptive dif-
ferences, the enes of context and familiarity with subject matter,
it is perhaps surprising that the results of the experiments have
even the consisteney found. For this reason the slower readers
perhaps best illustrate the above noted faects in regard to the im-
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portance for recognition of the various parts of the sentence.
(Compare for example Chart X).!

It is then not to be expeeted that the neecessity for more care-
ful fixation of the ‘transitive’ parts of speech will appear equally
in all subjeets or passages. The general associative word expee-
taney will eause phrases to be passed over that might in the case
of another reader need more ecareful attention.

CHARTS VII-XI
Reapings oF Four SusJects oF ‘A LicENsE rFor PrOMOTION,’ ETC.
CHART VI, 1 A H

II[] A) lifee)nse for pro[mo)tion may [be ig)sued [to) the ho[lder ) of[ a)
mchler's licens[e )No. 1 who has[ ha)d experienjce rated as[ eq)uival[ent) to

hr}ae [ﬂears o)f New Yo[rk )eity pu[b)lie school tieaching ((i]lnclujding[ o)ne

n[a.r} ln [the c[ltr} of Ne[w )York);[ w)ho passes ajn examinjation |in the
rtnﬂiples a;mi met|hﬂds of |teaching, ojr In lieu [the)reof prodjuces evi-

!m:[a }uf[ ha)v[in)g succless)fully pur[s)ued, sijnce bjeginninjg h{is) worlk as a 1

]HEI]' 111 some [re)cognized [in)stitutiojn of learnfing, one or| two satis-

mto[r:r} clourses of s[tu)dy invo|lving ijn all no[t )less than [sixty hours’
t[tﬂ}nﬂ{auc}e in pri{nci]p]es and methods of telachi)ng, |and who passes

b
n| aca!demic exfam]lnatln|n in one| of several grou|ps of| subjects as
IIﬂDu[DﬂE]d [by) the Boar|d of Ex[am)iners.[—)A graduati[ng) class l|icense
II!.I ]he issueld to the [ho)lder of ja promo[ti)on licen|se who hals taught for
pler)iod rlat)ed as equlivalent to five ye[alrs of] New York city public

CHART VIII, 13 A H

T (] b L] 1L 157 ]
[ A lice)nse for pro[mo)tion may [be) issued to |the h[old)er of| a

ki

G
9
B
T
0
T
T
B
T
B
1
5

fi

1 1461 184 317 < 2 ] 148 181 54T
iteacher[’s) license No[. 1) who ha[s )had ex[peri)ence rat[ed) as eq[uiva)lent to| 8

192 1T 138 142 415
u-e[a| y)ears of New York c[it)y public s¢|hool teach[ing *(in)ciuding one

LIl 150 108 136 142
a[m- In th)e ecity of New York:)® W[hﬂ passes) an exam[inja)tion[ |in) the
» o . |4

134
w}!nclplﬂs[ u,n]d methnda[ of teaching, or in[ lla}u [ther}m! p[m}ducm[ e)vi-

147
mee ot ha[ving‘ Jﬂumesal‘uﬂl}r pl.lt‘b'l.led since [heg‘i}uuiug his wEur'ic as a

s 1 b

178
m[her )in some rien}ngnlsﬂd [In}st:tutiﬂn of [lenr‘lnlng one or[ tiwo[ aatis-

254
etory c[uursen] ai'[ Ht]ud'j" 1nmlv[lng} in all n[nt] less t[ha_‘lu sixty hours

215 (L) 142
tendance,| in p[ri]neipleﬂ and ma-|l;hmis of tﬂacfhing[ an/d w[ho) passes

! Bgpecially ‘[w)ho [h)as | hafd),” line 2, w1th ‘experifen)ce rated [a)s;
who [plass|[e)s a[n),' line 4, and ‘i[n) lieu thlereo|f,' line §, with "m[eth-
o)ds of teachiln)g and succe|ssfully.’

f These parentheses belong in text.

o

Elqmm*-:
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CHART XI, 72 B 8

a T E71] e asA
{IL. A| license fo|r promotion maly be issued t[o [the ho)lder of a

a1 L

F‘ 0 q i el b= ] 15

J[)teacher's license| No. 1 who [hn—.]s had axperleucel rated as (egluivalent to
17

{]thre-e yvears of Nejw York city pulhlfﬂ srhoaol t[ear:hmg {{ln]c]uding one

&5 218 115 240 18 ]
r|nn.r in the city of New| York}: who [migs.s[ms ajin exa[mlnaﬂon in the|
i

o]
[prlnc.lp}les and me[thﬂd;ls of teal:hing, 1ur in lien there[uf produces |mr1-}

20
l:l[im?t:e of hm‘lng ﬂ.|uncesal'nlly pnrauem since hEgI]'ﬂn!ng his wor lr.[ as a)

t.aa}cher, in| Eﬂme rec|ugn_ized In|ﬁtitutiun of Elea.rnin}g, one or [tv.r.}u s:Ltia|-
b 2 e

206 B4l B 1 231 ma 1as
factory elo[urses olf study involv[in)g in all wot[ less th)an sixty hojurs
188 43 28  F]

|[atten)dance, in[ princi]ples and methjods of teaching; and who passes
bh a

No. of fixations, 48. Av. duration, 275.9», A. D 67.2. Median 257.0s.

The requirements of appereeption or assimilation determine,
as has been seen in the comparison of nouns and phrases, the gen-
eral extent and position of the apperceptive unit. DBut, as has
been doubtless noted, it is apparently immaterial in most cases
whether the eye stops at the center or towards the end of the words.
Is, then, the place of fixation within these limits determined by
chance! 'The experiments of the lines of numerals and letters
shows that the eye is dependent, through enstom, on the more or
less artificial spacing and grouping of words, and it is by eauses
of this sort that the fixation is governed within the limits assigned
by appereeption. In the first line of Chart I, for instance, the
pause is made in the spacing after the date and numerals, and
before the dash. The marks of punetuation have a similar effeet.
Note, for instanece, the last pause in line 10, Charts 11 and TII,
the second in line 13, Chart II1, the first in line 20, or the sixth
pause in line seven, Chart VIL

In the ecase of some readers, the marks of punctuation, and the
like, prove greater ‘obstacles’ to the eye’s movement than in others.
They often eanse a break in the movement where undoubtedly there
would be none made for purely perceptive reasons. Bracketing,
quotation marks, and partieularly any peculiarity in printing, may
do this. For instance, in pages of proof reading, where the panses
are, as in reading aloud, much more frequent and eloser together,
a false alienment, ete., will often ‘halt’ the eyve. The proof
reader is on the watch for these inaceuracies; but the effect is often
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similar in the usual reading, although, of course, the mind is not
ordinarily eonscious of it any more than it is of the fixations in
reneral.

Other factors which may govern fixation are the eapital and
‘domineering” letters. These latter are, in general, the letters most
easily perceived,! mainly *‘those letters which project above the
body of the word and the additional middle sized letters x and z.”™
Examples of the latter are ‘admiralty,” Chart 11, line 1, ‘officers,’
line 2, ‘Kaznahoft,” Charts I and 11, ‘Baltie,” Chart I, line 2, and
‘Paris,’ Chart I, subjects T and S, ‘Vigo,” (line 3), Chart II, line
3, ete. There are many of the capital and domineering letters in
each line, and they are naturally not all equally operative; but,
when the general distance of the interfixation movements is onee
determined, they, with the other causes mentioned, may sometimes
covern the loeation within this area. They furnish, possibly, a
hetter form of peripheral stimulation than the middle sized letters,
i. e., they ‘eatch the eye’ more readily. They may. in other words,
be supposed to eondition the word complex—the ‘Gesammtbild™—
to a greater extent than the other letters of a word.®

The influence of some or all of these faetors when in another
line than the one being read is also to be noted. They often dis-
traet the attention, but they are undoubtedly also of serviee in de-
termining the location of the fixation pauses in the second line.
There is plenty of evidenee to show that when the eye is reading
in one line, the mind is vaguely conscious of matter lying in the
sueceeding lines. For instance, the long distance of the first fixa-
tion in line 2, Chart 1I, from the edge of the page, in “has tele-
graphed’ is doubtless due to the fact that this word was in the
‘margin of conseiousness,’” while the word ‘St. Petershure,” just
ahove it, was being read. If the words in the line below have ab-
solutely nothing or little to do with the sense of the line being
read, this view is often more of a hinderance than a help. In the
case cited, however, the associative expectation was ‘ready’ for sueh
a word as ‘telegraphed’ at the beginning of a newspaper column.
The reading together of lines six and seven of Chart 11 is doubt-
less, also, in a similar way due to the initial similarity of the lines,
i. e., ‘admiral,” in line six, ‘admiralty,” in line seven.

To answer, then, the question as to what determines the loca-
tion of the fixation pauses, it is first and prineipally the unit of
apperception. This may be small in extent, as in numerals, ab-
Lireviations, eonjunctive phrases, ete.—in a word, when several

'Hee Cattell on the Leglibility of Letters, in articles referred to above,

*Cf. above Chap.

"The statement of the possible effect of the domineering and capital
letters is offered somewhat tentatively.
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small words cannot be regularly assoeiated together into a single
unchanging group, or large in the eases of long words and very
familiar phrases, The loecation of the fixation within these limits
may depend in part on the more or less artificial peeuliarities of
spacing, punetuation, and the forms of letters in printing. To
these latter eauses must also be added the faet earlier noted, that
within certain limits the eye can regulate ifs positions, in order
to maintain its se-called ‘short-lived motor habits.’

§ 2. Proof-reading. Effect of Avticulation and of Near and Far
Accommodation, eve.

The effeet of various other factors, as that of near and far ac-
commodation, the reading of foreign languages, ete, upon the
number and duration of the fixation pauses has already been re-
ferred to.

The significance of the experiments in these cases is in at least
one particular the same, i. e., it is not the mere extent of words
whieh can be easily seen which determines the span of attention or
the number of fixation pauses, Although there is more of the line
in the field of elearest vision in far accommodation, the number of
pauses remains about constant. The results of readings of the
same page by one subject are shown in Charts XII and XIII. The
page was placed in the first ease (No. 17) at approximately 15
centimeters from the eornea of the eye, and in the second case
(No. 18) at approximately 40 centimeters from the eye.

The effeet of reading of a foreign language is to inerease hoth
the number and duration of the pauses. The same result may be
illustrated in proof reading. (Cf. Plate V, 5, 6, and Chart XIV.)
The page read is from a hiographieal directory. Names have been
altered but their general form and leneth have not been changed.

The effect of reading a passage alond is also somewhat similar,
Naturally greater attention must often be given to the parts of a
word in pronouncing it, with the result that the word innervation
is more often divided. The time per fixation as well as the num-
ber of fixations may be inereased. It is somewhat a matter of in-
dividual difference, In Chart XV B of Record 42 A (subjeet §),
even fewer fixations are made in the first few lines than in 41 A,
which was the silent reading and immediately preceded it. The
time spent per line in fixation is, however, inereased by 46le, for
example, in the first line. The ease is somewhat reversed in Record
29, Chart XV A, This passage was read aloud immediately after
reading it silently (ef. No. 28, Chart XV A). The number and
time would have been somewhat inereased had the reading aloud
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preceded the silent reading. As it is, it takes 14740 longer to
read the whole passage.

Fifty pauses are made in the silent reading (No. 28), 68 in the
reading alond (No. 29). The average time of the pauses in the
latter case (No. 29) is shorter, 1441s (A. D. 47.6) as compared
with 1694« (A. D. 53). Since the total time is longer, this shows
that in reading aloud the time is more equally distributed (see also
chart) in all parts of the line. It shows that the freer movement
of the attention ‘wave’ is repressed by the slow process of articu-
lation. In reading aloud as in reading a foreign language, the
attention must be given more often than ordinarily to parts of
words and syllables, These facts may also be noted in even the
seventh reading of a passage by subject H. This passage (33 A),
which was read aloud, may be compared with any of the earlier
readings above.

It is interesting to note in No. 29 the similarly large percent-
age of refixations at the beginning of the line, which was much in
evidenee in the first reading (No. 28). It further supports the
hypothesis that it is a matter of habitual reaection for this subjeet
(T). Sinee it is not possible to return with any certainty to the be-
rinning of this long line, the movement regularly falls short, and a
regressive movement is made if neeessary; in lines two, three, and
seven it was not necessary, in the other lines regressive movements
are made (cf. above). The charts of (1) reading by near and
far accommodation, (2) of proof reading, and (3) of reading aloud
follow (Charts XII-XVI). See also Plate V, Nos. 5, 6, 7, and 8.

CHART XI1I
REaDING AT NEAR ACCOMMODATION
No. 17

Sunimary

[ )E{volutiojnary stu[dy a)nd thought hjave bee[n) hinderjed by |the co|nfu-
e b a

gijon of tjwo unirelated biologicjal phenomenfa, (1) evjolutionarly progjress

or[ v)ital motion and (2)[ th)e orligination or[ multi)plicatif[o}n of splecies.)

T[he ‘o)rigin’ of[ a) species iz not molre evolutionary than any other stage
in its history. !

! These parentheses belong fn text.
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CHART XV A
Reaping Avoup

No. 29

Subject T |

o 2 F o 1

Evolut[io I:I.|JE]"}' sgtudy an[-:l |tjl:n:'.-nghl: h;a|m heen |hinﬁered |'h:.r the m{ntu) 10
b a a |

slon of l|wn unr[eiated biulﬂiglcal phenn|mena., '{[‘.I:l evn]uti[on}a.ry prn|gress T

1 112 I-H‘ : . 138 164 153 z 112 3

or vijtal motion|, and (2) the o|riginatioln or multipliﬂa|tinn of |specijes. T

W4 12 10 128 190 128 £ W
[Thle ‘ojrigin’ [0)f a specijes is njot more| wnlutluna[r}'} than an;:,r otjher[ )stage 11

120 192 1 1%
in[ i)ts hismry,| The causes[ "of the s[uh]ﬂ[ivi]aﬂnn of IEpEEIepa [ar)e njot causes 11

b &
104 180 2w = b 4 2 j|
n|t v[ita|l mntjlnn the |t1.lm p{m]cessea are qulite distfin)et. The [se}pmtlnn 5;;
* 15 .
of two speciejﬁ iﬂ not a ftmw o!j the evulutiun[a]r}r proble/m; it is| a m]ere T

in[md|ent o)f d]E\rElnp[m]EDtal histnr[]-r]
+
N-:r, of ﬂxatiﬂns 68, Tﬂtal t]umtiun, 0.804. Av., 1441. M., 128. A. D, 47.6.

! Note very short pause, Probably not a real fixation, but just & ‘hiteh’ in the
eye's movement. ;

CHART XV, B |

REaping Avroub

No. 42 A ;l
Subject 8 |
442 Lk
|A license I.'nr prlomotion ma)y be zqnu!eﬂ to the hn[l&er o)f a 4

476 490 205 o s
tﬁﬂlﬂh‘-‘r'-ﬂ |iCEDEHE} No. 1 [w)ho[ has h)ad( e]xperienjee rated as [Equ}ival!ent ta

HY ki 2 a4 o8 E41] 19 Yy o s
t[hree) yearaz o(f Nelw York| city pulblic sclhool teajching '{Jincludijng |one
i == 208 TER b 20 170

year| in the city of] New York)']; who passe[s a)n |examinfation in t/he

sz on e 510 e o '
princ{iples] and me(tholds of teacjhing, or in lien [th)ereof prod(ulees evi-[) 6
No. of fixations, 34. Total duration, 11,437.6. Av. 3364. M. 2856. A. D., 1214

! Theze parentheses belong in text.
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CHART XVI A
Usvarn, MerHoDp 0F READING

Ty = =l
1 8T[. P}ETE‘REBUEG Nov. 2—[)The A[d}mirultr

3
27 A
2 haa it]ale;raphed to t|he n{fﬁclem of the Iﬂalltlr: 4
155l
3 [ﬂee}t, who [were left [he}hind at ‘a’iigﬂ in (orlﬁer b
= L1 T 50 i ]
1 [thiat the(y ]Jmig[ht )testify, an[d )who [werle on b
4] 2 L 08
5 t[hei)r way to St.| Petersburg, [to) remain[ in) 4
-0
6 [Pari)s.
b 00 a4l o] Ft ]
G [ Ad)m[ir)al K[ax)nakoff, [a m)ember o|f the b
157 i i 5
7 Admi[ralty )Co[)neil, who |was app|ointed 4
b Lt
475 nr 2N 1=
8 ves[ter)day upon| the internaftion)al com|- i
S T =21 di
9 missio[n )whic/h is to in|quire into t[he )North i
¥ 1984 =1 S 54
10 Sea affa[ir,) star|ted for P[laris) to-d[ay. )Hils [
A58 ™ =4
11 a[ppiointment is] we)lcomed as an[ in)dication 3
Fi 144 155 241
12 that there[ wllll be [a) thoroug[h s)earch for t[he) 4
] 2l 247
13 fac[ta Jof[ t)he case. The Admi[ral woln go(ld]en 4
[ ]
e (1L
14 opinio[ns )among th]e memhers| ut the cn[n} 4
15 vention held in Wa[ahing}tnn in 1889 tn—| rnr- o
CHART XVI B
REapinGg Avnoup
i 2 [ i | bl 143
1 ST. PIETE)RSBURG,[ N)ov. 2.)—(T]he Adjmiralty b
asl 1.5 2= LH4 178 e 151 LEE
2 [has )telegraphled tjo the| officjers of thle B}[alt}iic 8
412 b 154 17
4 fleet, wih]lo werle left| behinjd at Vigfo, lu][ ord)er 5
BT B &l L1
214 15 i -
4 lha[t tihey mlgh|t testif}'.[ anh:l w[hu} welre) |on (H
19 143 17a
b [thiei[r wiay |tu St Petersburfg. to r{e:lmatn in [
[ [Pa]ﬂs‘
148 218 3]
17 [ mdmlral [Kaxn)akoff, a [me]mhar of [thle 4
125 1=
8 Admlral[tﬂ Uu[u}m:ll| [w]ho wn[s app}uluted b
1816
9 }'e}atermaar up[nn] the mtl‘.er[na.tl[nn&}l [m:rm} (]

10 ml]iaa[inn} which la| to [ln][uuire Jinto t]l[ﬂ N)orth [
No. of fixations, §1; total duration, 11,070s; average duration, 217.1s;
A, Iv, T6.7; median, 183.60.

!Lines § and 7 read In one horizontal movement,
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§ 3. Children’s Reading

What ‘is the method of progress and what differences do chil-
dren show in the ease and rapidity with which they aequire the
mechanism of eye movements? Do the backward readers show any
anomalies of mere eye movement ]

It was at first my purpose to devote a chief part of the in-
vestigation to a study of these and similar questions. The adult
practice and method is, however, presumably the only criterion we
have, and by which we may judge of the progress of the beginner.
But little has been determined in regard to the individual peeuliari-
ties of eye movement in the ease of adults, and it has, therefore,
been necessary to eonfine the experiments almost wholly to the
latter subjeets. The experiments upon children are, therefore, of-
fered tentatively beeanse of the small number of cases.!

The records which are reproduced in Plate V and Chart XVII
are those of three boys, of mine, ten, and eleven years of age, and
from the fifth, fourth, and Third erades respeetively. The passages
read were from the readers in use in the latter two grades. They
are presented more to illustrate the differences between adults and
children who have learned to read than for their value as illus-
trative of differences among children. What progress takes place
as the child learns to read can, of course, best be studied by re-
peated experiments upon the same individual.

The records appear, however, to represent several stages of de-
velopment, which differ in the number and duration of the fixa-
tion pauses. The ‘Gesammtbild” is evidently muech more divided in
the ecase of the youngest subjeet. This appears in the relative fre-
quency of the fixation pauses. The attention span is much wider
in the cage of the ten-year-old boy, and at times equals that of the
adult whose reading of the same page is also reproduced for pur-
poses of comparison. The more purely physiological diffienlties
have been fairly well mastered. The rate of movement in the re-
inrn sweeps and in the interfixation movements is not different
from that of the adult. There is some unsteadiness and refixation,
but the mere acenracy of fixation appears as exaet as that of
adults. The chart below shows the location and the duration of
the pauses,—the two faetors in which there is the greatest differ-
enee between child and adult. The overestimation of the return
sweep ab the beginning of the first lines of Readings B and C is of
interest. It is perhaps inereased here beeanse of the indentation
of the first line.

"1t is the plan of the writer to supplement this part of the investiga-
tion by an independent study.

T .
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§ 4. The Effect of Long and Short Words

A comparison of the number of fixations and their duration
per line in passage 63 A (Chart XX A), composed mainly of short
words, with the same passage in Chart XXI A, which is eomposed
of rather long words, may be made as a test of the theory proposed
by Messmer,' viz, that a succession of small words tends to break
up the motor innervation and is harder to read than a passage
eomposed mainly of long words. Reecord 63 A shows in the first
place that it is not necessary to fixate every word. Were the in-
nervation broken into smaller units there is reason to believe that
fact would be indieated by an inerease in the number of fixations,
just as the number of pauses is increased in a foreign language or
in diffienlt passages. A comparison of these charts will show that
in the first six lines, of equal length and size of type, 37 fixations
are made in the passage of long words, and 35 in the short word
passage. There are 79 small words and 54 long words, or an aver-
age of 2.3 short words per fixation as against but 1.5 long words,
i. e., one and one-half times as many. It is not the short words as
such, but the words which cannot be easily grouped with others
which mecessitate separate fization. The same holds true in the
short line arrangements. Attention may be called to the misspelled
word in 62 B, line 1, ‘gorgeosly.” The subject noticed the mis-
spelling in reading and the record shows that it was ecarefully
fixated.

' Op. cit.




CHAPTER XII
Tae LExarH oF TEXT-LINES AND Moror HapitTs

Very little eareful experimentation has been made relative to
determining the proper lengths of lines of print; and as a result
there has been considerable difference of opinion with very little
evidence one way or the other. Weber,! for example, believed that
““up to a length of 150 mm. (6 inches), but not beyond, long lines
make it easier to read quickly. He requires a minimum of 100
mm. (4 inches), a maximum of 150 mm. (6 inches) for the normal
line. He wishes, therefore, that school-books should be printed
where possible in lines of 140-150 mm." "™

Javal, on the other hand, believed ‘the long lines to be the
reason why progressive myopia is so frequent in Germany. He con-
siders that with long lines, short-sighted people must exert their
aceommodation the more freguently and strongly in the middle of
the lines as their eves are focused for the ends of the lines. '™

Cohn adds: ‘‘lt seems to me that 100 mm. (4 inches) is the
ereatest length admissable, and 90 mm. (3.6 inches) the best length
for lines of ordinary print where the ‘n’ is 1.5 mm. high. With
larger types a longer line of 110 mm. (4.4 inches) is allowable.””

Sinee differences in phraseology, subjeet matter, size of type,
and length of line, ete.,, may each affect both the number and
length of pauses, it seems evident that the only method of deter-
mining the influence of each factor is by elimination of the others.
In the case of subjeet matter it has been noticed that a second
reading may often produce but little change, and, if the reading is
repeated after the lapse of a eonsiderable length of time, the influ-
ence of repetition may be largely disregarded. The method of
studying the influence of the length of line on the ease and guiek-
ness of reading, has been, therefore, to keep the subject matter,
the size of type, ete., and all other eonditions uniform. The pas-
sage was simply typewritten or printed in two different lengths of
line. In the first reading one arrangement of the length of line

*A. Weber. Ueber die Augenunterﬁunhun_g_én in -:lér-l”i::i}nherﬁu Schulen
zu Darmstadt. Referat und Memorial, erstattet der grossherzoge Minis-
terial-Abtheilung fir Gesundheitspflege. Mirz, 1881.

*Quoted from Cohn: *“The Hygiene of the Eye,” p. 200.

*Cohn: Ibid, p. 206 fr.
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was used, and, in the second reading, the other arrangement. Sev-
eral weeks intervened between the first and second readings, but,
in order that there might be no uppurtumt;-,r for practice effect, the
long-line passage was read first in one experiment and last in the
next, ¢te. Six of the passages read were ty pewritten, the height
of the small # being 2 mm., and two were set up at the printer’s
in the different lengths of line desired.

The several records will be diseussed separately. They appear
as Charts XVIII-XXII, but will be eited by their original record
number, The passages fm this experiment are with one exeeption
chosen from the plain narrative of Robinson Crusoe, in order that
there might be as little difference as possible in subject matter in
all the tests.

The first set of readings of two subjects of the same passage in
long and short line arrangement follows (59 A and 59 B, 68 A and
64 A). Subject S is, in general, a very rapid reader, subject E
a somewhat slower reader. '%lnev the lines were typewritten they
were not all of equal length; the long line varies between 179 mm.
and 190 mm., the short line between 86 and 98. In the average of
the lines mmparvd the long line is just double the length of the

short line.
CHART XVIII A
Subject E
No. 59 A
297 19 254 @ am 210 26 17
There waa[ Jbetwelen thejm and [m:.r calstle the cre|ak whijch I men|tiened o|ften
A 108 111

at the ﬁrat[ p}art of my story, w[he,‘in I landed | m}' cargnes| m:t u[r ymy Blhll‘-'
L 16k 1o 00 53
and thislkn[ew h]er must| nnrces[sa;rrily swim u[ver} or '“1|'E pnurf Iwn.]tch [wml}ld 1
L] i E 1

be taken ther[e ) but when [the sav)age esc|a,plng r:|am|e ﬂ]jithar |he m:ul[e njothing 8

24 iﬁﬁ ISS-I I'F!J He
of it, tjhough| the tllﬂ& was| thm u|p, but phmg[ing] in,[ aw:ijm thjrougjh in| about 1
Iy mide

b= 1=
thlrt['_\r s]trcrl-:e|a or [th]ereahn;uts ]an[ﬂed] and r|an] (nn Jwith |exceedlng |[strength

ay @y

and s[wllltnuss Wh|en the {th]lee pursuers| came tn th[e ]week Jl tnund |th;1.t
1 134 =1 17
twn [-::E",i h'em] could {s]wlfm hujt the t[h}lrd cm:ld| npﬂt [ Jand [he ] atand!iug on the 1

Nu of ﬂ}:atiuns 72: meﬂlan ut ﬂmtftm pauses, 2:53 '.hr (A D 66.7); length of lin
179-189 mm.; total time, 11,0888+ (5 lines),







CHART XIX B
No. 64 A

321 B a0 o
1 There was bjet|ween them| and my [ca)stle
dz o

-
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214

2 the c[reek w|h1ch I menjtioned ﬂﬂ|1?!'| 4
3 at ther first ;:ar|t ol' lmr E]I:}l.'j', wﬁ!‘:ﬁm 4
" l[and}&d my I:argﬂels out of t{he shi)p; 4
5 and thiE|I I-t:lew| he mustfﬂnene&sa[l}ﬁy 1
6 swim [ﬁ:‘ﬂjr or the [n-n-ur wre}tch wm1|l|nc’[ 1
7 be take[n Mhere: h"[t when ti'];:s saj::age 4
8 uscauﬂﬂ cam [e"']?r thithgar, he made n]qthlng 4
3 208 : 25 1
9 of it, thfoug)h the tide [was then [up; 3

%5 Ig2 mi 15
10 but [pl)unging ijn, swam thriough in [ab)out El

v oy 158 Hil
11 thirt[hy) strokes, or |thereabjouts, Ijan- 4
18 142 =2 153 (i
12 ded, | [and )ran on wijth excee|ding stjrength 5
b a 47

173 244 L4 =]
13 and swliftn[e)ss. Whe[n) the [th)ree pursuers {4

b a
No. of fixations, 47; average duration, 200.4s; total time, 9,419.6s.

CHART XX A
No. 63 A

0 2 15 157 163 in
The hoat[swa)in was killed upon t'he spot; tlhe next [m)an was sh[o)t in t/he

20 240 29 =78 2% 260
body[, a)nd fell jus(t Jby him,| though he did| not die [unt}il an hour[ o)r two
TR = 250 T 108 152
a[fter); and the thi[rd )ran for ijt. At th[e )noise of th[e filre, [I )immed-
20 208 40 208 187 A
late[ly ad)vanced with m|y whole army,[ )which was| now elght |men; viz|. my-

ETH a1 LT 240 770
sell, lgenerali[s)simo; Frida(y, Jmy lieutena[nt-g)eneral; the clap)tain and

26 o 54 187 245 o4
hi[s tw)lo men, and the[ th)ree pris|oners of war[, Jwhom he [had) trust]ed wil.]h

415
Arms. ;We came tIp{un] them lndee[d} in the darl-:[ sﬂ] that ['tlle]l' could[ llﬂ]t

10 178
Bee our n[umber ) and 1 made th[e m}an thﬂy had l[ef}t in the boalt,) who[ was)
now one n[r u)s, to eall lh[em} by name, I.In:: tiry if 1 [cu}um bring them to a

Length of line, 178-9 mm.; No. of fixations, 35 (6 lines); average duration, 244.2
total time, 8,548.80.
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CHART XXI B
No. 69 B

e 268 _ S0 WE 1
The gojrgeously[ c)osiumle)d imper(ial) ple|ni-

290 £ = 145
pot[en)tiary suffe[r)ed excrujciating ajnguish

5 55 240 Ty
aft tihe recollefe)tion of his per[s)jonal th[o)ught-

ol A0

25 140
lessness a[nd) carelessiness. There[ )lay |be-

EoTy =] o]
fojre h)im the recent|ly appointejd ambassa|dor

125

a4 o L ] 1Ha
but no[w rjuthless|ly murdered| bly an hirelijng

155 T2 550 i
a[ss)asin.| Although[ t)here undoubt[ed}ly ex-

¥l

] 40 200 20
iste[d sev)eral indlications jof his personafl)

a1 =] 210
innocencle,) what people o|f intellifge)nce

520 T4 2 140
would |hesitate to |proclaim[ th)e startlijng

] 175 T8 1]

cir[eums)|tantial evidence prepo[nde)rou |sly

Ta
conclus[ive).

47

No. of fixations, 47; average duration, 222¢: total time, 10,670q.

CHART XXII A
No. 68 B

oL L] 17i 11 240 200k
And | this |old savage |was in the [rig)ht, for, as[ I u)nderstood

e 240 (Lo L]

|since by other |hands, the sajvages of that plart) never [at)tempted

21

250 ] 11] e
wi[th) the accounis gliven by these fo[ur )men (for it se[e)ms t|h

19 ) 3R 1% £
[did) escape the| sea), that th[ey) believed wlho)ever went t[o t)hat

[to )zo Iuver

s 150 { Bt
to the island [a)fterwards. Thley )were so terrified

144

ey

MR o T = e
enc|hant)ed island wlould be destroyed [w)ith fire frjom the glods.

i s o050 o o
Tlhis, yhowever, 1 |knew not, anjd therefor[e w)as under [cont)inual

LT =50 1] 143
aplpre[hen)sions for a goold )while, and kept[ a)lways upon | my

a0 aan a0g 228 g
gula)rd, I and alll my army; for as[ the)re wlere) now fl[our o)f us,

Iy

240 201 Il

L
I wojuld |[have ventured up/on an hund[red) of them [fairly i)n

a8 14+

6 230 20
the[ ope)n field at any timle. In a [little time,| however, |[no more

Fixation pauses, 54.

time, 12,196.1% (11,621¢ for 51 pauses).

=

i

= =

En

o
B

o
b

Average duration, 225¢; A. D., 50 (M., 229.5; total

]

al

Al e e i LY 1 i S eV o L A I S, e . YN |

B, L e Uik

S




TEXT-LINES AND MOTOR HABITS 106

CHART XXII B

No. 63 B
bt i (1Y) 131 112
[An)d this [o]l)d savage [w)as in th[e) righ|t, f)or, as 1 5
A0 ] o] 5 - o8

und|erstood sinfc)e by other [h)ands, [the) savages of 4

e 241 190 R

t/lhat part mever [a)itempted to go o[ve)r to the i[sla)nd 4
i 12 1] B
[ a)fterwards. They [werle so [terrifi)ed with th[e )ac- 4

a a0 m 1T
[ca)unts glven by [tihese four [me)n (for it seem[s thley 4
e Al = 1
did [ese)lape the sea), th[at) thley) belleved [whoe)ver 4
= 114 140 187
wenf[t to th)at enchante[d is)land wo[ul)d be destr[oye)d 4
] 172 141 o
w([ith) fire from the glods.) This, howev[er), [ kn[ew) 4
= 2E1 03 145
[not,) and therefore |was under [co)ntinual ap[preh)en- 4
24 L] T o8
solons) for a good w(lhil)e, and kep|t always [upon m)y 1
i HiG i} 18
|guard, and I and al[l )my army; for [as) there were [now) 4
B " = 172
(flour of us, 1 wo[uld hav)e ventured jupon an [hu)n- 4
b 151 251 187
dred [of t)hem fa[irl)y in the oplen )field at any time.| 4
53
No. of fixations, §53; Average duration, 206.8¢; total time, 10,963.0e.

CHART XXII C

No. 58 A
Subject E
s 147 1 9 TR
And [thi)s cld sa|vage was I|n the rig/ht, (fo]r, ajs I Junderstood T

245 155 16l 26 17
sinee by| other hands, [t)he salvages of that |part n[e)ver atiempted &

fio ] 2 M 174 a14 140 170
to go) o]ver [to) thle island aftjrwards, Th(ey wlerje so| terrified T
B L4 b

it b ] =iy 214 152 one Fg L
wit(h ]the accounts gi{ven |by the[s)e four m|en( {(for Jit selems they 7

s 15 ] 124 w0 a4
did e[scape the sjea), that th[ey) believe/d wh[o)ever w[ent )to that 6

2 1oz 158 244 40 B
ench(an]ted islanj/d would bje destroyled wijth firje frjom the gods. T

;e W08 T 2hg 1w s 154
This, ho(w]|ever,j 1 kne/w n[o)t, and [th)erefojre wals unde[r co)ntinual 9
b a

154 ] =5 S el a5 LU TEn
apprehlensions| for a( glo(od] while,| and ke|pt alwjays upon| my 8
b [ d -
b o I RO - -
guajrd, I an[d)| a[ll) m|y army; for as there were now four of us,
b " ac d

Pixation pauses, 1. Average duration, 243.8¢ (M., 228); A, D, 76; total
time, 14,870¢. Length of line, 113.5 mm.
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A comparison of the charts shows that in each ease more fixa-
tions are required in the short line in order to read the same num-
ber of words,'—47 as against 40 for 5, (68 A and 64 A), 50 as
arainst 44 for subject E (59 A and B), or from 14 to 14 as many
again. A tendeney to a motor habit, which is evineed by a repeti-
tion of the same number of fixation pauses in sucecessive lines, is
evidently more marked in the short lines of each subject than in
the long. It is more sueeessful in the readings of subjeet S than in
those of E. In the latter’s reading of the long line there is no in-
dieation at all of a motor tendeney. No two sueeessive lines have
the same number of fixations.

The same results appear in the readings of 63 A and 69 A
(subjeet 8). In this case the long line was read first. There are
35 fixations in the long line, 46 in the short line. These are printed
in Charts XX A and XX B on pages 102 and 103. Similarly, in
records 62 B and 69 B, which are printed in Charts XXI A and
NXI B on pages 103 and 104, the short line is three-fifths of
the long line. The latter requires 41 fixations for the passage, the
former 47. The span of attention is therefore somewhat smaller
in the short line. The inerease of pauses in 69 B is doubtless, how-
ever, due in part to the necessity of carrying over long words di-
vided at the end of the line.

CE. ‘plenipote|ntiary’ in long line with *ple|ni-

pot[en) tiary
also “There lay| be)fore him' with *There| )lay [be-
folre h)im".

Subjeet E believed that in reading passages of this charaeter
(a8 No. 59 A) he was acenstomed to move his eve *down the mid-
dle of the page.” That this is what was attempted, although quite
unsueceessfully, is perhaps shown by the first fixation of line 3, No.
59 A, The subject was evidently hampered by a line of this length.
It may be noted that in line 6 ‘thirty’ was misspelled ‘thirthy’ in
the original paragraph, the backward movement of the first fixa-
tion and partial stop at (b) may denote the observanee of that
peculiarity. Both subjects S and E had been reading some proof
end henee were more apt to notice these irregularities.

To summarize, more fixations are made in the short line ar-
rangement than in the long, e. g., 44 fixations for 5 lines of 59 A

*When all the lines and fixations of a passage are nolt taken for com-
parison, the number actually compared is indicated in the margin of the
charts. For example, the first five lines of Chart XVIII A on page 100
contain the same number of words as the first ten of Chart XVIII B on
page 101; the number of fixations in the first five lines of the first passage
is, therefore, added and placed in the margin after the fifth line. So also
in Chart XIX A, page 101, the first six lines only are needed for compari-
son with the short lines of XIX B on page 102.
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(long line) as compared with 50 fixations for 10 lines of 59 B,
(subject E); 40 fixations for the same passage as read by subject
S, (68 A) (the first six lines of the long line arrangement), and
47 in the short line arrangements of the same words; 35 fixations
in six lines of 63 A (long lines of short words) and 46 fixations in
the same amount of subjeet matter arranged in ten lines in 69 A.

In these eases the long lines are twice or nearly twiee the length
of the short lines. In 68 B the line is less than a third as long
again as 63 B. The same fact holds true, but to a very mueh less
extent, the number of fixations being 51 for the long line, 53 for
the short. The long line is in this ease of but 113.5 mm., the short
of 87.5 mm. As this i1s a printed page, the difference is, however,
largely eounterbalanced by the larcer number of words or letters
per line. This advantage is seenred by the greater compaetness of
the type setting and spacing. On this aceount the short line of
63 B is practieally as advantageous as the longer line of No, 68 B
as regards the number of movements and fixations that are neees-
sary, and it has several advantages which are lacking in the longer
line; first, its length is better suited to the formation of short-lived
motor habits, and, secondly, it has an advantage in that it ean
(perhaps on this very account) be read in less time.

The first four short line passages beeause of this difference in
the compactness of type and spacing have too few words to the line.
The passages are too mueh divided, or eut np, and cause an un-
neeessarily large number of fixations per line. They, as will be
seen, have an advantage in respect to the two desiderata, i. e., rhyth-
mical movements and short duration, just mentioned in the case of
No. 63 B, but, whereas in this latter passage the span of attention
(as denoted by the small number of pauses) was as extensive as
in the longer line, it was, so to speak, unnecessarily ‘eramped’ in
the former passages.

' TapLe X

Total number of firations in lines of differenl lengths made in
equal amounts of the same subject matter vead by the same per-
son at intervals of twenty days. I, Long line arrangement.
If. Short line arrangement.

No. of Av'Nao. ol

Mos. of Record Hatio Fixations Lengths of Lines Letters per Lines
I I Length 1 11 I Il I I1
GRA 61A 2-1 40 47 179-190 Sh- G i bt
oA B 2-1 44 il 179-180 86— 98 a7 29
GIA 9B -3 ah 46 1791758 A7-106 h2 ]
A213 698 5-3 41 47 170-184% 87-108 62 a8

G688 638 131 5l i 113.6 . 87.6 48 37



108 THE PSYCHOLOGY OF READING

To eonsider next the duration of the pauses, it will be noted
(ef. Table X1). that the average duration of the pauses is uni-
formly less in the shorter lines. When the short line is made of
sufficient length and printed in such type and spacing as make
wider fixation groups possible, and so equalize the number of
p#uses, the fotal time per passage is also deereased. It is probable
that the ‘practice effeet’ earrvied over in some cases; particularly
might this be the ease on acecount of the peculiar style and subject
matter that is found in 62 B.

Tasre X1

Duration of firation in long and short lines compared

Records Total Times Av, Mo. of Fix. Av, A. D,
Long line........ AHA S8481.0 212.0 40 6.6 |
Short line........ 61A 09419 .5 2004 47 3.8 .31
Long line........ 58A (6lines) 11083.8 252.0 44 5.8 1.3
Short line........ H0B(l0lines; D11§.5 182.4 il 5 .B
Long line........ 83A (4lines) 8548 8 244 .2 35 5.9 28
Short line........ 69A (10 Hnes) 9400.0 204 .3 46 4.6 T2
Long line........ 2B 15506.0 378.2 41 6.1 A2
Short line........ 69B 10670.0 2220 47 4.2 .45
Long line........ ESB 11621 .1 227.9 bl 4.9 .0g
Short line........ [E51 5 1049463, 0 206 .8 53 4, .1

As has been suggested, the data presented seem to the writer
to warrant the hypothesis that the differences in the rate of read-
ing in the ease of the same individual and between different in-
dividuals depend largely, when other conditions are constant, on
the ease with which a regular rhythmical movement can be estab-
lished and sustained. The peeuliarities of this movement are two,
first, a snecession of the same number of pauses per line, and, see-
ondly, a eertain fairly uniform arrangement in the order of long
and short paunses, viz., (1) the first pause of a line longer than sue-
ceeding panses, and (2) a secondary inerease in the duration of
the pauses near the end of the line. These peculiarities are mutu-
ally dependent, and they are due chiefly to differences in the length
of the text lines. If the line is of sueh length that it is not possi-
ble to seeure at the first fixation of the line a fairly definite im-
pression of a large part of the line, the eye must advance, so to
speak, more cautiously, and devote its attention more equally to
each seetion. The reasons for this are: first, that the peripheral
pereception being less exaet, there is danger of confusion with the
lines lying immediately above or below the one being read; see-
ondly, the incidentsd but constant coneurrent impression of words
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Iying in the lines above and below and in faet the general charae-
eristies of those lines, are of no particular value and not infre-
jnently distracting in the case of the long line, but are doubtless
v distinet advantage in the short line. Suppose, for example, that
when the eye is fixating at the beginning or end of one line, a few
words from the next line are ecanght sight of. If this happens in
a very long line, the words would have little or nothing to do with
the immediate sense, and must, therefore, be disregarded; whereas
in the short line there are fewer intervening words and ideas, so
that the peripheral vision (as a fringe of subeonscious pereeptions)
may aid in keeping the sense. So also in the case of misunder-
standings, words whieh are connected with those being read are
found in greater proximity in the shorter line and ean be more
casily referred to. In a long line the matter lying immediately
above 18 more apt to belong in another sentenee.

The data upon which this preliminary statement is based is the
following. In Table XII the median and average durations of all
the first fixations of each line, all the second, third, ete., are given
for the first four eharts of this seetion, i. e., 63 A—long line, sub-
Jeet 8; 69 A, (same subject matter in short line arrangement)
59 A, and 59 B, long and short line arrangement respectively (ef.
Table IX above for similar distribution), subject E. It will be
notieed that in each ease the extent of the aequirement of a series of
movements with the same number of fixations varies concomitantly
with a close approximation to the above noted distribution of the
time of fixation. The duration of the pauses in the long lines is more
nearly the same in all parts of the line. The number of pauses
per line 18 more nearly uniform in the reading of Subjeet S (ef.
68 A) than in that of subject E, and it may be observed that the
pauses towards the end of the line, 1. e, the fourth, fifth, and sixth,
are somewhat shorter for S. The long line is read by E with an alter-
nation of long and short pauses. [t seems to substantiate the sug-
cestion made earlier that often every alternate fixation in the long
lines tended to have a somewhat wider scope than the others. In
neither ease is there the constant decrease that is found in 69 A
(short line, subjeet S).

There is in this record first a long pause followed by a much
shorter panse, the third pause is again long, and followed by a
constantly deereasing duration of pauses towards the end of the
line. The same is true to a less extent in the short line of sub-
jeet E (59 B), but the acguirement of a motor hahit was not as
suecessful in the latter's ease, (ef. Chart XVIII B), and, there-
fore, the above noted succession and duration is concomitantly less
marked. In Table XII the distribution of time is given by fixa-
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tions for the long lines, and in Table XIII the distribution for the
short lines. The aeenracy with whieh the median and average
deviations indieate the above noted tendeneies may be verified by
a comparison of the charts themselves.

TapLe XI1

Distribution of the medians of all first, second, third, ete., fira-
tions, [, Long line wrrangement, II. Short line arrangement

BUBJECTS 5 AND E

15t 2d B | 4t Sth Gth  Tth sth gth 10th 1ith IZ2th
Fix. Fiz. Fixz. Fix. Fix. Fix. Fiz. Fix. Mx. Fix. Flx. Fizx,

1 6G3A M 2688 264, 240.0 218.0 1834 2252
A.D. 51T 448 352 %6 6.8 9.2
IBgA M 2756.2 180.6 257 15000 100.7 180.%
A. M. 853 #6816 41.0 527 &8 18.2
160A M 2906 251.1 2263 254.9 26256 256.1 835.1 260.0 189, 195.8 279.8 160.4
A.D. 47.9 1316 481 384 E27 470 GE.2 839 801 2.1 B30 v
Il B M 1892 180 186.5 153.0 13956 20 182
A.D 8.3 #6.6 Zrd W7 322 0 ]

TasLe XIII

Distribution of time in long and short lines

TABLE A.' SHORT LINES

1st Fiz. 2dFix. 3dFix. d4thFix. §th Fix. §th Fix. Tih Flx,
GH.A M 275.2 180, 6 257.0 154.0 100.7 129 2
A D 8.8 1.6 41.0 52.7 57.8 19.2

9B M A85 2556 240.0 140 175.0 165.0
A.D. 64.1 47.7 31.4 49.0 26.7 0

14A M 255, 1959 188.9 147.9 102.0
A.D. 46.3 43.0 29. 4.

OB M 189.2 180 166.5 153.0 138.56 220. 132
A.D. 393 46.0 47.9 4.7 32.2 (1] 0

TABLE B. LONG LINES

HAa H I65.8 4.0 2400 360 1B24 2H.2
A.D, al.7 448 352 354 BR2.3 012
BIB M 378.2 3ud.4 3506 3908 BOG.8 G2 T S28.6 LTLE
A D TZE 434 4.7 107.3 00 60.4 155,
GUA M D906 231.1 ugn 26,0 EA5 D551 LGt1 260.0 18900 1958 270.8 104.4
AD @9 18l6 431 334 827 472 566.2 HE® 80.1 20,1 63.0 00
GBEA M 3H.6 1084 M1 22 30 30 1TRB 2 187

! The average deviations are in some cases large, but in view of the
many factors (as difference in subject matter, ete.), which would work
against uniformity, as well as the individual differences of subjects, and

since the tendency to concomitance is itself so marked and constant, It
is believed the conclugion jg justified.
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The distribution of the length of time spent in the different
parts of a sentence depends more upon the chance location in the
Line of print than on any characleristics of the separate parts of
the sentence iself.

The subtraction of several millimeters from the end of long
lines is a sufficient change to inerease the duration of the initial
pauses of the given lines, and to cause a difference in the distri-
bution of the duration of the other pauses. The addition of several
letters to the ends of short lines has the exaectly opposite effeet.
Other faetors, as pointed out, enter somewhat into the explana-
tion of this change, but the most important factor is the mere dif-
ference in the length of line.

In Tables XIV A and B, the total duration of all the first fixa-
tions, of all the second fixations, ete., in a given passage is shown.
The four passages are selected at random from the charts pre-
sented in earlier sections. Table A is of long lines, Table B of
short lines (i. e., newspaper).The number of fixations in each class
18 added as a eheck on the total durations. The facts are the same
as above illustrated.

Tasre XIV

Distribution of the total duration of all the first, second, third, ete.,
fieations in four passages

A. LONG LINES

Mo, Whole 1st 2d ad 4th- BHth &th Tth Sth
Rec. Passage Sum Fix. Fix. Fix. Fix. Fix.. Filx. Fix. Fix.
144 Evolutionary.. 118104 2751.1 2663.6 1887.4 17973 15ELT 10674 I12
2a Evoluting....... 18055.3 ‘M418.5 129.56 2166.3 1585.3 13009 2023.0 5718

B. SHORT LINES

RCIE
Lo FRR 3 ‘! 'ﬁ
E g =3 g 5 2 B )
3 g = = d = =] s =
= Passage 7 B 2 B0 9w g 7% : z =
g2 =0 Petersbuorg GO0 160294 15 63667 16 33678 14 3TIRT 12 S08h.4 4 1081.2

434 Bt Petersburg 25 SwT.6 B 4660 B 16N.E T 1.1 2 284,

In 14 A, Table XIV, a suceession of the same number of fixa-
tion paunses per line is attained in a longer line than is usual, and
it is interesting to note that the distribution of time in the fixa-
tions corresponds to that usual in the short newspaper lines, and
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seldom in the long. That is, we find a long first fixation followed
by shorter ones with an oecasional secondary inerease towards the
end.

Perhaps a better method than either of the above to illustrate
the tendeney which may be seen hest by a study of the charts
themselves would be to divide somewhat artifieially the lines into
thirds or fourths, and eount the duration of all fixations which
fell within those limits. The predominance of longer fixations in
the first quarter and a half of the shorter lines, might thus be best
illustrated. A brief study of the charts will, however, be sufficient
for the purpose.

We may now recur, at the risk of some repetition, to the ques-
tion that was raised earlier in the discussion, as to whether it was
the effect of subjeet matter or merely of length of lines which
caused the difference in the distribution of times. Is the first
fixation on the average longer because the eye must needs come
to a full stop there from the long return movement, and beeause,
secondly, it must read in this ease both to the right and to the left
of the point of fixation, whereas in the sueceeding pauses it need
read only towards the right? If the longer pauses were due sim-
ply to this physiological diffienlty, it should oceur as noticeably in
the long line as in the short, in faet the preponderance should be
in favor of the long line because of the greater momentum of the
return sweep.  The records, as above noted, show, however, that
this characteristic is peenliar chiefly of the short line,

To summarize, the fixation pauses are uniformly longer at the
heginning and at certain other parts of the line. The reason as-
signed for this peculiarity is that at these places a more general
pereeption is seeured of the ideas and words that follow in the
line. The suecceeding fixations serve to amplify and fill out this
ceneral perception.  Finally, this expanding of the field of atten-
tion is made more frequently and with greater ease in the short
line. Since, therefore, it is easier to read when attention and fixa-
tion ecoineide, it is advisable that the arrangement of printing
should be so made that the distracting effect of unconneeted words
on the periphery of vision is minimized and the more important
and salient parts of the sentence be found in those places where
the eye for more purely physiological reasons naturally dwells.?

‘It was the intention of the writer to supplement this part of the
discussion by suggestions, which seem feasible, and ecertainly help to-
wards the legibility of sentence structure in print. Their publication,
however, has been delayed due to the lack of sufficient experimental
data to warrant their appearance at this time.
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The elementary school books may again, unfortunately, be taken
to illustrate the violation of these conclusions regarding the length
of text lines. It 18 not an uncommon practice to have the first
readers somewhat wider than is common in general in books of
that size, and wider than the second readers that are next read.
Promotion from the primary and second grades to the third or
fourth grade often means in very many schools a change from a
comparatively long line to one whieh is a third shorter. 1f the
long line must be used at all, it should from every point of view
come later,

The length of text line which is used in several pages of a
school primer in very common use at the present time is 120 mm.
This is a longer line than that of any other book on my shelves,
and a third longer than that of the majority of books and maga-
zines in general. Several of the pages in guestion are printed in
tvpe but 114 mm. in height, and in addition the margins of the
lines are indented for pictures. A part of one of the pages is
printed below., As can be seen from a comparison of this page
with the one prepared with a view to testing this diffienlty (ef.
‘Refixations’), this passage, as regards the ease of aequirement of
a uniform motor innervation of the eye musecles, is on the whole
the much more diffienlt passage. Although the type was smaller
(1 mm. for the small ‘n’), and the spacing narrower in the passage
experimented with, the length of the line was but 97.5 mm. as com-
pared with 120 mm. in the following passage, and the indentations
were but 30 mm. and uniformly of that extent. In this case they are
56.5 mm. on one side and 455 mm. on the other. The extent of
movement is, in the case of four lines (supposing the eyve to come to
the edge of the page), redueed from 120 mm. to 74 mm., and in the
case of five other lines to 63 mm.; that is, the extent of motor inner-
vation must be ehanged by from one-half to a third of its total ex-
tent. The extent of the return sweep from the end of one line to
the beginning of the next is in one ease reduced to less than 17
mm., or about oneseventh of its usnal extent. The acquirement
of a uniform motor habit of eye movement is manifestly impossi-
ble in such a line arrangement,
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CuaArT oF Long LiNES AND FauvLTy LINE ARRANGEMENT

FROM A SCHOOL READER

By and by the Sun saw Bessie and Mary start from home, and he
watched them until they reached the kindergarten.

The Sun looked into the kindergarten, and through the windows, he
sent bright-colored fairies dancing along the walls, around the chairs
and over the piano. These are the chairs and the piano.

Here the SBun loved to linger and
to see the happy children working and
playing together.

Twelve o'clock came and the little
ones went home. The Bun was now

very high in the sky; but he managed to peep
into the windows of the dining room and to
catech a glimpse of papa, mamma, Bessie, and
Mary seated at the lunch table.

These are the chairs and table.

Soon the station was reached, and then there
was a long, dusty ride in the carriage. It did
seem rather hot, but the SBun was doing his best
to make the flowers smile and grow beantiful. A drink, sparkling and
clear from the well, refreshed every one.
This is the well.

The water at the bottom of this deep well was very cold,
for, try as he would, the S3un never could catch a glimpse of it.
“Never mind,”” he said, I suppose people do want some-
thing cool these warm days, and so I will content myself
by making the water in the brook sparkle and flash—

like a hundred rainbows.’’
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It is in the writer's belief clearly indicated by the above ex-
periments that one of the essentials of natural and rapid reading
18 that the reader’s eye should at onee be able to acquire a regular
and uniform motor habit of reaction for each line. When the
length of line and other eonditions remain constant this tendeney
to a uniform system of movement ean be guickly developed what-
ever, within certain limits, the nature of the subjeet matter may
be. But, if no two lines are of the same length, as in the case in
the above passage, this is not only impossible, but the uneertainties
and difficulties of aceurate movement, already deseribed in the case
of a practiced adult, and indicated by the number of misjudgments
of eorrect muscular movements, regressive movements, and refixa-
tions in general, must naturally lead to a more cantions mode of
eve movement. This will be hard to overecome later, in the case of
children, and may eause unnecessarily slow readers. It is, of
course, true that the child at the start confines his attention to
very small sections and groups of words, and will not for some
time acquire a method of more general ‘prevision’ of the line as
a whole, but that gives evidently no justification for practicing
him on line arrangements which even the skilled adult finds diffienlt
1o compass.

The problem of the best length of text lines ean naturally not
be answered apart from a consideration of the size of type, the
number of letters per line, and the spacing between lines, and
similar questions. It has not been possible exeept incidentally to
extend the investigation to these questions. As several sizes of
type have been used in the experiments, however, it can be said that
the size of type should not be so large in comparison with the
length of line that but few words can be put on a line. The effect
produced is to make the passage disconnected and to inerease un-
necessarily the number of movements and pauses. This was true
of the short typewritten lines,

A line of from 75-85 mm. or about a third longer than the ordi-
nary newspaper line of the New York dailies with type 1.5 in
height (of small letter ‘n) combines a good many advantages. An
inerease of spaecing between lines, as is done on the editorial pages,
for example, increases legibility as much as a larger size of type.

1Of, for these matters Griffing and Franz, Pspeholppical Review, 1896
512-520.



CHAPTER XIII
RaripiTy oF READING

In order to give a somewhat wider seope to the experiments, the
subjeets were selected with a view to detecting sueh individual dif-
ferenees in the methods of reading as might exist. As the wide
differenee in the rate of reading is perhaps the most noticeable in-
dividual peeuliarity, this was made the basis for the selection of
most of the subjeets. In order to get the extremes, the slowest and
the most rapid readers were selected from a group of about thirty
people.  The selections read were simple narratives which wounld
seem as likely as possible to be equally familiar in style, ete. To
various factors, such as differences of interest in the tests, the prae-
tice effects from reading in one kind of subjeet matter,—as novel
or newspaper,— factors which dounbtless ought to be considered in
any experiments which have the question of the rate of reading as
the primary problem,—it did not seem necessary to devote special
attention. The sole purpose was to find subjeets which fell within
the general classes of rather slow readers and rapid readers. Sev-
eral series of experiments with a large variety of different subjeet
matter and under widely different conditions supported the ob-
servation that eertain individuals read more rapidly on the average
in all eases, although the comparative ratio in degree of rapidity
varies according to subject matter.

In Table XV the number of words read in 20 seconds by the
three fastest readers and by the five slowest readers of the group
are given. The subjeets are arranged in the order of rapidity of
reading. There were nine different passages each selected from
‘*Robinson Crusoe,”” and printed on a separate sheet of paper.
Nos. 1-3 were printed in 12-point, Nos, 11-13 in 10-point, and Nos.
21-23 in 8-point type. Passages 1, 11, 21 were printed in what is
known as modern style of type, passages 2, 12, and 22 in old style,
and 3, 13, and 23 in 8-point ‘Seoteh’ style of type.!

'] am indebted to Prof. Thorndike for securing these blanks from the
printers.
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TapLe XV
Rale of reading (No. of words read) of eight subjects

Rate of Reading ( No. of Words Read) of 8§ Subjects

12 Point 10 Point 5 Point

1 2 a 11 12 13 21 22 23
1 M 211 146 228 208 b 1] 222 217 220
2 197 188 I8Y 160} 179 179 191 185
3 165 165 142 my ... 196 182 170 180
4 111 121 100 104 105 126 118 10} 117
8 101 04 100 111 92 108 113 it 102
i 93 105 100 101 118 05 6 84 o3
T Ha 105 HA 5 83 101 23 i 0t
8 H8 B4 62 63 63 67 68 (1 60

The prineipal line of demarcation is hetweeen subjeets 3 and 4,
and the interval, as may be seen, is sufficiently large and uniform
tor the purpose stated above. Subject 3 read on the average over
a third more words than subject 4.

In order to estimate what effeet marked differences in subjeet
matter and style might have, seven passages of a considerable range
of diffieulty and general charaeter were also given as a test to a
class of 41 students. The general result has already been indi-
cated. As the purpose was simply to test the validity of the
method of seleetion of the subjeets for the laboratory experiments,
they will not be further discussed. The results of a third test may,
however, he of sufficient general value. The subjects were gradu-
ate students of very different interests; (x) a mathematician, (y)
a teacher in seeondary schools, (z) a psyehologist. They were
asked to read at their leisure carefully and for information, but
in the way and method which they would ordinarily follow, sev-
cral passages of considerable length and completeness, which were
selected with a view to differences in subject matter. The tests
wire earried out under mueh more uniform conditions than is pos-
sible in a general class test. The passages were selected from the
following books and chapters: 1. Carlyle’s *Essay on Voltaire’;
2 Darwin’s ‘Animals and Plants under Domestication,” Chap. on
Inheritanee: 3. Pearson’s ‘Grammar of Science,” Chap. on Mat-
ter: 4. Murray’s ‘Psyehology,” Chap. on Perception; 5. Seott's
“Talisman,’ narrative passage; 6. Byron’s ‘Childe Harold,” Canto
[: 7. Boswell’s ‘Life of Johnson.’

The subjects are denoted by x, y, z; the order or rank of pas-
sages in general interest to the different readers is denoted by
A-G, A denoting the most interesting passage for that subjeet.
None of the passages were familiar to the subjects with the excep-
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tion of that from the “Talisman.’”” The times are in minutes and
fractions of a minute.

TasLe XVI1

Comparison of rate of reading in various kinds of styles and sub-
ject matler

i Carlyle Darwin  Pearson Muorray Seott Byron  Hoswell
2 1 2 3 4 5 6 7

x 17% O 0.5 I 19 E 18 3 12 A 4B « 20 F
y 2.5 B 258 C 26 A 1R 335D
z

2 C 35,6 B 42 A 4D 20 E 8 F 8 G

*Minuates and fractionz of a minute,

The conclusion which secems warranted by the above data is
that one who reads rapidly in a given style and elass of subject
matter, will read somewhat proportionately faster than a slow
reader whatever within certain recognized limits the nature of the
stvle and subject matter. We are, therefore, it seems, justified in
treating the extremes of the above group of thirty as two separate
classes, 1. e., rapid readers, and slow readers,

It has already been indieated that the short text-line favors the
formation of motor habits, and that the fast readers attain to this
method more readily than slow readers. The evidenee would fur-
ther seem to show that the aequirement of a rhythmieal suecession
of movements is one of the means by whieh the fast reader attains
to his greater speed in reading.

This fact is well illustrated by the distribution of time in the
pauses of records 73 A and 73 B, Chart XXIII, and the somewhat
more regular alternation of the number of movements in 73 B.
The subject read the passage first in his usual way, (73 A). On
the second reading he was asked to read as rapidly as possible con-
sistent with getting the sense. The charts follow :
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CHART XXIII
seeep TESTS
No. T3 A
A. Usual Rate of Reading

1 Even aihletlc[a ar‘ne nnt wa[uﬂmg in this easltern unlv[eraltﬂ The 4
2 at[hic-}tm -r:ltl'l._l| cmmasts 1ul' geven ﬂelct}iuns—m[wiug, tra|-::l—: athleti-::s base- T
2 ball, fmllﬂ'l[l In}wu len[ﬂllﬁ swim1mlng, Judol (a kil:ld of wrestling), b
4 I.'en|mng and urch|er3r In the |spr1ng. when[ t.he rosy c|!ﬂm:'l of| cherr}' 6

5 hlubﬁnmm cavers the haukq n[ the Rl[ver) slzmma the{ rmw!ng c!lub h|nlds B
6 = re gatta In the autu{mu] the athletic s'|e¢l!nn huld|s a meetlngl_ inj the &
=0 156

7 recrea|tlnh:| ground of thl:e university. 1Hunnlng, jumqplng. hurd[le yraces, 6
39
Av., b.b
Total number of ﬁxntinn pauses, 33; total duration, 8392.1-; average duration,
015.2¢: median, 199.8s, . b3 Length of text line, 107.5 mm. Height of t¥pe,

1.5 mm.
CHART XXIII1
No. 73 B
B. Most Rapid Rate of Reading
207 164 IR
2 Even -rth]etma. are Em‘.-}t wanting in this eastern tllnl*.'eraltj* The| 3

T 4]
2 athletie 1t|}uh consisis uf1 seven hecunns—rﬂwiu[g, ]tmck athlet|ics, bajse- 5

3 ball, football, I'[nwn:l tennis, swlmmi[ng, jJudo (a klnd[ of w}rastlingl » 3

58 500 124
4 [fencing and archery. Iln the spring, when the| TOSY clmul u[l.' r:her]rr 4
24 1=
5 blossom|s covers the bank of the Rivier SBumida, the mw1ing club h|old3 4

6 a rngulm. In the n[utu}mn, the athletln aectlu|1| hultls a meetln[g in t)he 3

7 mcrmticr[n gmlmd of the unlversitﬂ Runnmg Ejumplng hurdle [rat:es L]
el 1@
] etr |[ ia]st t|he whole a.Itcrnuu:n and[ the} scene |8 as anl[ma}ted as eveln 5
120
1] [a] Yale- Prmcetnn ‘rooier’ mu[lﬂ] wish; the[ BIupHng hi’lla!.ﬁ'[e:l of the at*enn.‘- B

10 like {gr]ﬂu{ndj is filled with cheering crowd(s, ]and the mingling of mﬂ(] 4

268 210
11 [}Iumeﬂ colorjs and geatu:eﬁ |ac1ﬂ to the anima]l‘.lnn of the E'EEI'IE[ ) In the| ]

12 mumﬂr af Hlp]:lememtnl athleties, we :|:1|.13qjr note that awimmln[g yig given 4
Total number of fixations, 50; total durat.lﬂn 9.967.50; average duration, 199.3s; Me-
dian, 190; A. D., 51.3.
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It is interesting in the first place to note that the subject be-
lieved introspeetively that the attempt to secure an inerease in the
rapidity of reading was quite unsuceessful. **The idea of reading
the passage rapidly seemed a hindrance rather than a help.”’ The
sithjeet believed that he generally read at his maximum rate and
thought this was particularly true in the first reading of this pas-
sage, a8 it was a much more interesting passage than the passage
that had preceded it.

The records show, however, that the subject’s introspeetion was
very inaecurate; not only was the absolute time of nearly every
pause diminished. but fewer pauses were made, and the average
distance of the eye's first pause from the left edge of the page
notieeably inereascd. The saving in time in the first seven lines
amounts to 3189, or nearly one-third of the total time. The num-
ber of pauses is reduced from 39 to 26 or one-third. The accelera-
tion was, therefore, due as mueh to the increase of the span of at-
tention as to a deerease of the length of time of the stops.

The most important characteristic, however, and the point of
present diseunssion is the difference in the mode of distribution of
the times of fixation. There is a deerease in the average duration
of the pauses in the second reading, but this decrease 18 not made
equally in all parts of the line. It occurs chiefly in the last half
of the line, and in fact nol only is the time of the first fivations
not deereased on the sccond veading, but there is a shght tncrease
in both the average and total time spent in the initial fizations,
The total duration of the first fixations in lines one to seven in-
clusive is 1702.8¢ in the first reading and 1761.3¢ in the seeond.
The distribution in Table XVII is given in the average length of
time spent in (1), first fixations; (2), in second fixations, ete., of

» the passages.

TasLe XVII

Distribulion of the average duration of all the first, second, third,
ete., firations in two readings of the same passage, T3 A being
vead in the usual way, 73 B being read as rapidly as possible

z o : : o L. H ]
5 E & £ R = S
ﬁﬂ i & B 8 = =
3 g8 2R E R s E
5 &7 = Avw. Duration ] = 5 E b= b s
S L . of Fix, Per = b = B = B B
< = Passage A. T = e - - = - -
T3A 5.6 .76 215.2 54.3 245.2 226.9 211.6 250 201.9 152.6 178.2

73B 3.7 .61 199.3 51.3 249.9 197.4 188.7 196.3 150.6 85.1
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In the first reading (73 A) the time of fixation is distributed in
each part of the line more equally than in the second reading. But
in the latter reading the method of motor funetioning is that al-
ready deseribed of a long first fixation followed by one or more
much shorter fixations, ete. (see above), This result was brought
about solely by inereasing the speed of reading. It is significant that
this same peculiarity is, as already pointed out, also a characteristie
of the form of movement prineipally of those whom the other tests
have shown to be rapid readers, and that the slow readers do not or-
dinarily show this characteristic.  The cause of the slowness of read-
ing may doubtless be for the most part eentral, and quite apart
from this peeuliarity. But it is important to note that this char-
acteristic form of movement is the usnal physiological aceompani-
ment in rapid readers, and wanting to a greater or less extent in
the slow readers.

To restate the hypothesis which has been proposed in explana-
tion of this faet, ‘‘The rapid reader ‘distributes his attention more
readily at the inmitial fixation of the line, and is enabled on this
aceount to fall more readily into a uniform hahit of movement.”’

It should be added that the observation is not offered as the
sole explanation of differences in the rate of reading. An important
canse of slow reading may be, for example, the excess of the anditori-
maotor acecompaniment of repressed artieulation, ete., which is sim-
ply another way of saying that the assimilation processes are
slower, The effeet of articulating is itself to deerease ordinarily
the span of attention, and, therefore, as argued, make the dura-
tion of all pauses more uniform.

On the other hand, the experiments indicate that there is a
chance for improvement in the rate of reading. A habit of slow
methodical plodding is often easily fallen into which varies little
whatever the sort and mmportance of the reading, but which allots
to whatever is read, if it is of ordinary diffieulty, about the same
amount of time and attention, line by line and sentenee by sen-
tenee. It often seems, for example, that the careful dwelling upon
each word and phrase, which is the daily method of the classical
student throughout many years of study, helps not a little in fixing
such a habit of slow assimilation. Long eontinuous applieation, in
which the attention remains uniformly of a medium intensity, is
seldom alert and selective, or never reaches its highest piteh or its
lowest, is little suited to the formation of a habit of attention
adapted to an age of newspapers and magazines and ephemeral
books. What may be ealled speed tests ought on this account to
have gome plaee in school methods of teaching reading as well as
in other subjects in which a selective character and alertness of
attention is demanded and cultivated.






CHAPTER XIV
Tar Faricug oF THE Eves 18y REapiNG

It has been possible to study the question of visual fatigue in
this investigation only in eonnection with the general problem of
the characteristies of the eyve's movement in reading. It has been
tested, however, under two different experimental conditions. In
each the assumption is made that the presenee of fatigue may be
indicated by a deeline in the veloeity of movement.

The first method employved for testing this effect of fatigue
was to secure a record of reading late at night after the subject
had used his eyes steadily for a long period. The experiment was
carried ont completely with but one subject. The records were in
this ease taken between 10:30 and 11:00 P. M., after the subject
had spent fourteen honrs in study, between six and seven of which
were spent in proof reading. The proof reading was done in the
laboratory, and the subject simply bronght in a elipping from his
calley of proof, took his place before the eamera, which had been
previously adjusted, and read, at least as far as introspeetion or
observation could show, in exaetly the same way that the reading
had been done during the preceding hour. The subjeet had also
been reading proof for several days preceding, having read on the
previous day for about eight hours. He was also tested on other
reading matter. These records were then compared with similar
records which had been made a week previous and in the day-
time. Records were also taken when the subjeet was fresh on the
following morning. The conditions seemed to be very favorable
for detecting evidence of fatigne, provided it were present and ex-
erted any influence upon the rapidity of movement or upon the
duration of the fixation pauses.

The results are as follows: The passage was first read (34 B)
at 10:30 P. M., after the previous work deseribed. It was then re-
read (35 A) the pext morning, when the subjeet was fresh and
before any regular study had begun. Reecord 34 B, total time for
six lines, 12944a; average, 287.64e¢; number of fixations, 45; simi-
larly, Record 35 A, total time, 11,441e: average, 243.420: number
of fixations, 47. The passage is, therefore, read in the morning
with a saving of 1503¢. If this record stood by itself, it might
seem that the shorter time was due to general familiarity with the
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passage from the first reading, although proof would naturally be
read somewhat more uniformly than ordinary narration. How-
ever, this possible eriticism is removed in the next record, where
the practiee effect, if any, would tend to coneceal the effect of
fatigne.

The results for other pages are as follows: Record 14 A, ‘Evo-
lutionary study,’ ete., first nine lines, total time, 11,811.40; 49 fixa-
tions: average duration, 241s, A. D. 67.3; Record 32 A, read five
days later at 10:30 P. M. in experiment for fatigue, total time,
12 482y . 52 fixations: average duration (for 54 fixations), 241.8q,
A. D, 70.9. The latter reading, therefore, took 670.60 longer and
three more fixations, The average times were practically the same.
Any familiarity with the passage that remained after the interval
of five days would have the effeet of deereasing the duration and
number of pauses. The inerease, therefore, is the more noticeable.

Record 13b, ‘St. Petersburg,’ ete., seeond reading by H (fifteen
lines), total time, 13,000¢; 60 fixations; average duration (for 63
pauses), 2160, A, D., 50; 32 BF, read five days later between 10:30
and 11:00 P. M., total time. 16,6200; 60 fixations; average dura-
tion, 277.2¢, A. D., 641, Loss, 3,6300. Record 33 A was read im-
mediately after 32 BF. The subjeet was instrueted to artieulate
the words. A eomparison of the record with a similar one (with
articulation), made the next morning at about 10 o'clock, shows
again that the evening performance was much slower. The fa-
miliarity secured from repeated readings would perhaps be about
the same in this case, 33 A having been the second consecutive
reading, whereas, althongh 36 A was the third reading, it was
made after an interval of nearly twelve hours. The results are:

Record 33 A (fatigue), total time for nine lines, 11,070.6¢;
number fixations, 51; average, 217.10, A. D., 76.7. Record 36 A,
total time for nine lines, 10,040¢; number fixations, 41: average,
244870, The record of the morning hour was, therefore, read in
1.030.6¢ less than that of the evening previous.

Although the experiments were made with but one subjeet, the
results seem sufficiently econstant to warrant their presentation.
For more eonvenient reference the results are brought together in
Table XVTIII.

' Especially is this true as on the first day the passage was read four
times in suecession. The record here given of 14A was the first of these
readinga, but the other readings must have given some familiarity which
would tend to make even five days later the passage less difficult of
reading, and conceal the effect of fatigue. An exactly similar condition
was true it the next records, two other readings having been made on
the same day and after 12b.
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TapLe XVIII

Comparison of readings, (1) wnder normal condibions, (2) when

fatigued
Mo, of No. ol Total Laas in
Hecord Flxations Time Av, AD. TimeinF:
(¥ o a

Normal ......... T I L% 49 11811 21 67.3
Fatigue........... ..... 32A 52 12482 241.8 70.9 670
Normal................. 18B il 13000 218 a0
Fatigue............ e 328 60 16630 277.2 64.1 3620
Normal . ............... J6A 41 10040 15 4 B R e
Fatigne ................ 33A 4l 11070 217.1 76.7 1030.
INOYIIB). o ciiiairans 36A 47 12844 % (N
Fatigue................. 3B 45 11441 243 .4 1503

The second method was to measure and compare the times or
duration of the eve’s movement, (1) when reading the long lines
of print, and (2) when reading the same subject matter in short
lines. Beeause of the longer times and their greater uniformity,
the return sweeps from the end of one line to the beginning of
the next were selected for measurement instead of the more vari-
able interflixation movements. Here, again, the assumption is that
fatigne wonld be evidenced by difference in the rate of movement.
Four reeords of two subjects were chosen at random for eompari-
son, The subjeet matter, type, ete., was the same in each reading;
the only change being that the lines in one case were on the aver-
.age just twiee the length of the other passage. The results are
presented in Table XIX,

The first column gives the number of the return movement (al-
though not the same movement for each subject) ; the second and
third eolumns the extent of the movement in millimeters of the dis-
tanece on the page as read; the fourth and fifth the duration of the
movement; and the sixth and seventh colnmns the average time
taken to move the eye across 1 mm. of the page. Table XIX A
gives the times for the long lines. Table B for the short lines.

Tame XIX A

Rute of movement of eye in the return sweeps of a long line, Rec-
ords 68 A and 59 A

Time for
Extent Duration 1 MM, of Mt.
of Mt. in MM. of Mt. in g (In )
No, of M1, 5 K 5 K B E
1 168 142.5 104 150 61 .m
2 174 140 132 126 LTt it L]
3 158 142 122 138 B0 a7
4 163 147 145 176 .80 1.1%
o 164 160,56 148 215 BB 1.43
V] 160 142 154 208 L8 1.88
? lm LR L 1iﬁ LT IET lllll -
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TasLe XIX B

Short line arrangement

Extent Dhuration Tlme for ] MM
of Mr. in MM, of Mt (in &) of ML (In 5)

No. of Mt. = E b 4 8 E
1 GH T4 110 79 1.6z 1.07
2 i 67 103 a9l 1.63 1.36
3 71 it L 106 1.38 1.64
4 64 76 ™ 108 1.28 1.63
(] G8 a8 Lo a7 L.#0 1.15
fi it s 117 75 1.72 1.10
7 4 72 5 85 .66 1.22
B 62 67 101 HO 1.69 1.19
B [11a] 62, 120 105 1.76 1.72
10 6 7l 135 74 1.77 1.4
11 Th 82 92 o7 1.3 1.19
12 74 69 150 126 1.76 1.81
13 it Be L s

A reference to the times given in the last two ‘columns of Table
XIX A discloses a rather surprising fact; namely, that with two
exeeptions every movement in the ecase of each subject is longer
than that which preceded it. The average duration of a move-
ment—to state the fact in another way—in the case of the first
three movements is for one subjeet nearly a third shorter than that
of the last three movements, and for the other subject about a
fourth shorter.! This evidenee of the presence of fatigne in the
long line, if the progressive retardation of movement may be so in-
terpreted, is, as an examination of Table B will show, not found
in the short line arrangement. Although there is eonsiderable
variation, and in some parts of the records of each subject a sue-
cession of a few numbers of inereasing duration, the average of
the last six movements is but slightly longer than that of the first
<ix, one-fifteenth in one ease and one-forty-fourth in the other, i. e,
very much less than the probable error. The evidence, therefore,
points against the eonelusion of Landolt and others that move-
ments through a small angle are very fatiguing. Although both
of these movements are of considerable extent,—it is the movements
through the larger angle which canse the musceunlar retardation.
The phenomenon is peenliar and unexpeeted, when consideration
is made of the large number of reading movements made in a sin-
gle hour.  For evidently if the retardation continuonsly progressed
at the above rate, the eyves would have ceased moving before an

'A similar fact has already been noted by Prof. Dodge, (Angle Ve-
locity of Eye Movements, Psychological Review, VIII, p. 155) in the dura-
tion of long changes in the line of regard. ‘““The last four movements in
A series of ten always averaged longer than the first four”
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CHAPTER XV
SuMmMarY AND CoONCLUSIONS

1. The movements of the eyes in reading are found by means
of photographie registration to be composed of a suceession of dis-
tinet pauses or fixations and econneeting movements. The fixations
are the periods of peripheral stimulation and perception, and have
heen on this account the principal object of study.

2. The average number of fixations per newspaper line varied
among the eight adult subjects experimented upon from 3. to 7.1,
or an average of from 1.9 words to 1.0 words per fixation. In a
line of not guite double this length from 7.5 to 9.4 fixations were
made, averaging from 1.5 to 1.09 words per fixation. The results
of other passages were similar.

4. The number of fixation pauses to the line is dependent on a
variety of faetors, which are themselves by mno means constant.

The amount read per fixation is seldom equal to the extent of
the field of perception. It is roughly eorrelated to individual dif-
ferences in the rates of reading, fewer pauses being made by the
more rapid readers. Constaney in the number of pauses for a
eroup of lines, regardless of at least small differences of subjeet-
matter and form, gives evidence of the formation of motor habits.

4. A motor habit is evidenced by a rhythmieal series of the same
number of pauses per line, and by a uniform method of time dis-
tribution. The latter consists of a comparatively long initial panse
followed by two or more shorter ones of decreasing duration. These
may be followed by a somewhat longer pause near the end of the
line. These motor habits are most easily aequired in the shorter
lines, and aid materially in the rapidity of reading. They are fur-
ther one of the characteristies of rapid readers.

5. Inmaceuracies of motor innervation or of the funetioning of
the eye museles are in evidence here as in other types of eye move-
ment. With these are to be classed the refixations proper which
are peenliar to the reading process. Refixations oecur chiefly at
the beginning of the line, and most frequently in the first or sec-
ond line of a passage. They are in these cases due to the inac-
curacy of peripheral perception and motor adjustment dune to false
estimation of linear magnitude. An experiment made by varving
the length of the return movement by means of the indentation
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of every other line within the margin showed, it is believed, that
after the first or possibly second horizontal movement, the resident
musenlar sensations of angular displacement govern the extent of
movement of the sueeeeding return sweep. This is the basis of
the motor habit. In the first line, sometimes in the second line,
before a motor adjustment has been made, it is necessary to depend
solely on the peripheral local signs. The longer the line the more
inexact these will naturally be; the resnlt is that the inacenracies
of over and underestimation are much more frequent in the long
lines than in the short lines. The experiment shows the advisa-
bility of short lines of uniform length. A requisite of an antomatic
movement is uniformity of conditions. Inaecuracy of movement
and the necessity of refixation must ordinarily be a hindrance to
the rapidity of perception.

The larger number of refixations at the beginning of a passapge
is due to the faet that the motor impulse is in the process of ad-
justment, Normally the extent of movements of the eve tends to
become uniform dune to the formation of motor habits of reaction.
The errors of fixation are due in part to the subversion of these
motor tendencies. The diffienlties of acenrate fixations may be in-
ereased by too frequent change of the are of movement. Refixa-
tions are found in the ease of three subjects in 21.6 per cent., 69
per cent., and 50 per eent., respectively, of the return movements
in the longest line, and in but 11 per eent., 18 per cent., and 18
per cent. in the short lines for the same subjects; 21 per cent. of
these are in the first line.

6. There is a wide difference among persons in the way in
which they move their eyes in reading. The movements of some
are very regnlar and the fixations preeise and relatively ‘steady’;
in the ease of others, fixation and movement are at times almost
indistinguishable, i. e., the eye passes over a considerable part of
the line by a movement that is very muech slower than the inter-
fixation movement.,

These slow changes of the point of regard are, however, to be
elassed as fixations because perception may take place during their
progress. It is suggested that this difference of ‘poise’ among the
fixations themselves may depend on differences in the rate at which
the subject matter lying on the periphery gains the center of eon-
sciousness.  The shifting is due to the musenlar tension following
upon the separation of fixation and attention. It is argued that
these changes or fluetuations of the attention ordinarily take place
from one word group or syllable to another, and are evidenced and
accompanied either by the usual interfixation movement, or by the
ahove deseribed shifting movements. That there is no similar ten-
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sion or movements of the eye museles in tachistoseopic reading, goes
to show that there is no fluctuation of attention during or after the
pxposure. The assimilation of the memory (not clear) image
must be successive as in ordinary reading. But it is a succession
not of letters, whether ‘domineering’ or other, but a succession of
syllables and words. The pereeption at cach fixation pause is uni-
tary and simultaneous.

7. The hypothesis of lack of pereeption during movement pro-
posed by Erdmann and Dodge as an explanation of the need and
existence of fixation panses, and sinee snpported by experimental
evidence by the latter of these writers, has been further substan-
tiated by a measurement of the duration of the true interfixation
movement. The rapidity of these movements is ordinarily sufficient
to cause fusion of stimuli, and henee lack of perception.

8. The duration of the fixation pauses for four subjects in sim-
ple newspaper reading (the same passage being read by all) was
found to vary from an average of 160.8¢ to 401.9¢, and averaging
from 3.7 to 7. fixations per line. There is a tendeney for the slow
reader to make both more pauses and longer pauses. The initial
pause is usually the longest in the line. This is believed to be due
to a wider spanning of the attention at the beginning of the line.

9. The attention ‘span’ and the extent of fixation in the reading
of numbers was limited in my subjects to oune or two digits. This
is due to the fact that exeept in the case of familiar dates as of the
current year, ete., we seldom meet with the same combination of
numbers. For this reason a group of numbers does not become a
‘Gasammtbild’ as in the case of words, whose elements are relatively
fixed. It is further found that these minute changes of the atten-
tion from one digit to another are accompanied by similarly minute
changes of fixation, and it is held that, if such changes and fluctua-
tions of the attention, as are supposed by Zeitler and Messmer in
the reading of letters and domineering complexes of words, actu-
ally took place, we should expeet to find some sueh indieation in
the characteristics of the fixation pauses. The absence of sueh in-
dications argues that words are usnally perceived simultaneounsly as
wholes and not suceessively by letters,

10. As regards the location in the line of the points of fixation,
it is found that the first and last fixations generally fall within the
edges of the line, i. e, at a little distance from its beginning and
end.  This is true in less degree for the slow readers and in general
for readers of small or contracted attention span. It is further
dependent upon the charaeter of the end words of the line. The
exaet object of fixation is significant only as representing the point
about which are grouped the ‘block” of letters that are simulta-
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neously pereeived as one word or phrase complex. It more often
falls in the first third than at the eenter of a given perception area.
A new fixation is made for each unit of pereeption. The area eov-
ered by a given fixation depends on the size or extent of the per-
eeption unit. It is large in the case of nouns, and adjeetives, and
verbs, and usually small in the case of the connective parts of
speech, the conjunctions and prepositional phrases, the relative pro-
nouns, and the anxiliary verbs. Letters and words frequently and
regularly found together tend to be formed by long assoeiation into
one eomplex whole for which eertain elements are then selected as
cnes.  Adjeetives and nouns that frequently stand together, or for
which the general context has prepared the reader, will be read n
one unitary perception. So with many phrases. When words are
not regularly associated into a single unchanging group, but ap-
pear now with one word and now with another, these words, unless
helped out by immediate context, must be perceived separately.
This prineiple has already been illustrated in the case of numbers.

11. This general law is further illustrated in proof reading,
reading a foreign language, reading aloud, and in reading by near
and far aecommodation. As shown in the reading at far secommo-
dation, it 18 not the mere extent of words whiech ean be easily seen
which determines the span of attention or the number of fixation
pauses. In the first three eases, i. e., proof reading, ete., the atten-
tion must be given to smaller units, with the resnlt that the num-
ber of pauses is increased.

12. The readings of three children, nine to eleven years of age,
illustrate the development of unitary word perception. The fre-
aqueney of fixation paunses shows the innervation to be much more
divided in the case of the youngest subject (boy of nine vears of
age). The more purely physiologieal diffienlties have been largely
mastered at this age.

13. The length of the text lines is mainly important in its effect
upon the formation of motor habits. The rate of reading depends
in part on the ease with which a regular rhythmieal movement is
established. The peeuliarities of this movement are, as noted,
two,—a suecession of the same number of pauses per line, and a
distribution of the duration of the pauses, in which the first pause
of a line is uniformly longer than the succeeding panses followed,
in some eases, by a second inerease near the end of the line, Those
lines are best suited to rapid reading which give opportunity for
a wide span of attention, but which are not of such length that the
peripheral percepticns from the end or beginning of a line are too
inexact and confused to be of valne in determining the general
character of a large part of the line. If the lines are too long the
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ineidental concurrent impression of words lying in the lines above
and below, and, in fact, the general characteristics of those lines,
are not infrequently distracting. These econcurrent impressions
are doubtless often a distinet advantage in reading short lines,
sinee the matter lying above and below the point of regard is then
more elosely connected in sense with the immediate objeet of at-
tention, Uniformity of length of line is a requisite for the forma-
tion of motor habits of reaction.

14. ‘Speed’ tests in reading further illustrate the faet that in-
ereased speed of reading is attained by means of the above de-
scribed eharaeteristic motor reaction. Fast and slow readers are
most clearly differentiated by the failure of the latter to acquire
this mode of movement. The rapid reader distributes his atten-
tion more readily, especially at the initial fixation of the line, and
is enabled on this account to fall more readily into a uniform
habit of movement. The slow reader has a narrower span or work-
ing extent of attention. This may be simply (in addition to longer
pauses) another evidence of slower perception and assimilation
processes. Steadiness and precision of fixation are not correlated
with the rate of reading.

15. The presence of fatigne in the eye museles is indicated,—
(1) by a slower rate of reading after prolonged study and reading,
and (2) by a progressive deerease in the veloeity of movement es-
pecially noticeable in the long lines.




APPENDIX

For the purpose of more exact comparison which may be desir-
able in subsequent studies, I have had printed on this and the fol-
lowing page the first line or two of each of the various passages
nsed for experiment. They are set up in the same size, style and
arrangement of type as that of the original passages. The page
of indented lines read in the experiment on ‘Refixations’ is printed
m full.  All other pages than those given below were typewritten.
The last two lines of the appendix illustrate closely the style of
tvpe, amount of spaeing, ete., of the typewritten pages, and the
lengths of the typewritten lines have in each case heen stated in

the text.

S1. PETERSBURG, Nov. 2.—The Admiralty
has telegraphed to the officers of the Baltic
fleet, who were left behind at Vigo in order
that they might teatify, and who were on
their way to St. Petersburg, to remsain in
Parie.

II. A license for promotion may be issued to the holder of a
teacher's license No. 1 who has had experience rated as equivalent to
three years of New York city public school teaching (including one

Summary.
Evolutionary study and thought have been hindered by the confu-
sion of two unrelated biological phenomna, (1) evolutionary progress
or vital motion, and (2) the origination or multiplication of species.

Even athletics are not wanting in this eastern university. The
athletic club consists of seven sections — rowing, track athleties, base
ball, football, lawn tennis, swimming, Judo (a kind of wrestling),

King Midas thought, and thought. At last he
looked at the stranger and said, ‘I wish that
everything that I touched may turn to gold.”
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