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PRELIMINARY EXPERIMENTS IN THE PHYSIOL-
OGY AND PSYCHOLOGY OF READING.

By EpMmunD B. HUEY, Fellow in Psychology, Clark University.

The present article isa report of experiments preliminary to
a study of the Psychology of Reading, the general purpose of
the study being to learn as far as may be just what occurs physi-
ologically and psychically, in reading a printed page.

A series of experiments was first undertaken to decide the
comparative merits of printing in columns of the ordinary
width and in very narrow columns, with the belief that the
speed-tests, etc., taken in this side problem, would be valuable
and, especially, suggestive for the larger study yet to be made.

I. COMPARISON OF SPEED IN VERTICAL AND IN HORIZON-
TAL READING.

It would seem that in reading matter printed in sufficiently
narrow colummns the eye’s lateral movement might be elimi-
nated or nearly so, and the reading be done with one downward
sweep of the eye. Among the advantages to be expected from
such reading might be mentioned (1) the very great decrease in
the work of the oculo-motor muscles; (2) the elimination of
the asymmetrical change in accommodation, which Javal (Rev.
Scientifique, 1879,) mentions as one of the main causes of
fatigue in reading ordinary lines ; (3) whateveradvantage may
be incident to having within the range of clear vision as much
as possible of immediately related matter; (4) facilitation of
the process of skimming.

I have confined myself to a comparison of speed, and have
made the narrow columns contain but one word to the line,
7. e., having the center of each word just over the center of
the next succeeding word.

Experiment A. 'There were printed on a Remington type-
writer 15 lists of 50 words each in nonsense-arrangement, even
similarity of first and last parts of words being avoided, and no
two alike, in vertical column; and each list was also printed
in ordinary horizontal fashion, but in reverse order of words,
the lines being made a little shorter than the length of the col-
umns, the type and other conditions similar in horizontal and
in vertical lists. ‘The first list contained only words of two let-
ters ; the second, words of three letters, etc., to and including a
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576 HUEY :

list of 16-letter words. A list of 50 letters of the alphabet, in
nonsense-arrangement, was added, with its reversed form as
with the word-lists.

As the typewriter gave the same space to each letter regard-
less of theletter’s form, all the words of a list were of equal
length and both margins were straight.

The lists were read aloud by the subjects as fast as possible.
The time was taken with a stop-watch marking fifths of second
nominally, though tenths could be read from it. The readings
were made as follows: The list of two-letter words would be
read, e. g., first in the horizontal arrangement, then in vertical ;
then in vertical again, then in horizontal ; then horizontal of
the 3-letter list would be read, and a similar order would fol-
low. Care was taken to arrange the order of tests so as to elimi-
nate the errors due to practice, etc.

There were thus two comparisons (two horizontal readings
and two vertical readings) for each of the 16 lists. The four
subjects tested are members of this University as are the sub-
jects serving in other tests presently to be mentioned.

‘The results may be found in Table I.

It is interesting to observe that while the shorter words are
read more rapidly in horizontal sequence, the longer are read
more rapidly in vertical. Though the mean variations are
large, the relation is so frequently repeated that it seems not
wholly accidental.

Experiment B, 1. In this test the subjects read aloud as
fast as possible a sense passage of 300 words, divided into 6
parts of 50 words each. The whole passage was printed in
both horizontal and vertical arrangement. The lines of the
horizontal arrangement were about two-thirds the length of
the vertically printed columans.

Owing to the great difficulty of printing or type-writing
words with centers in a vertical line, as half spaces would be
needed for words of an odd number of letters, the arranging in
vertical columns was done by hand, the words being cut from
an exact duplicate of the horizontal copy used in the experi-
ment and pasted on a background of white paper, the columns
being placed as close to each other as the length of the longest
words would allow. One reading of the passage was then
taken, fifty words at a time, the first fifty being read vertically,
second 50 horizontally, third vertically, and so throughout.
Some days later, a second reading was taken, the parts read in
vertical arrangement at the first reading being now read hori-
zontally, and vice versa.
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Showing average times for reading aloud at maximal speed the same
(nonsense) material in vertical and horizontal arvangements.

_g w. C. P. H. Av. 4 Subjects.
=

73 o |mv.| T |meve| T |Move| T MoV T MoV

I V| 17.1 .3 | 16.5 6| 159 1.3| 13.4 8| 15.7 75

H| 15.8 .51 13.9 | I.0| 14.5 .5 | 12.2 .2 | I4.1 .55

V| 181 .5 | 18.2 2.6 | 16.8 .8 | 15.8 2| 17.2 1.00

2/H| 158| 10| 17.5| 18| 17.3| 1.3]| 1200 8| 157 | 1.20

V| 18.1 8| 17.3 1.8 | 15.5 1.I | 15.3 .I| 16.6 .95

31 H| 15.1 1.4 | 17.2 1.2 | 16.4 | 1.6 | 11.4| I.4| 150 | I.40

V| 19.0 I.I | 19.3 1.3 | 15.4 6| 15.3 1.3 | 17.3 1.08

4 |H| 16.1 .3 | 19.9 7| 16.4 1.6 | 12.0 8] 16.1 .85

V| 18.3 8| 187 | 21| 141 .I| 15.6 6| 16.7 .90

S|H 17.0 .6 | 20.3 .31 15.9 I.I | I4.I .3 | 16.8 .58

6 V| 17.6 1.7 | 23.4 | 3.4 | 16.3 .5 | 16.2 4| 184 | I.50

H| 164 | 17| 220| 28| 19.7| 2.5]| 14.6 8| 18.2 1.95

V| 17.7 1.4 | 208 1.8 | 17.1 .3 | 15.8 4| 17.9 .98

7 1 H| 15.2 4 | 22.0 2| 16.1 3| 14.5 7| 17.0 .40

8 V| 19.5 7. 21.2 .8 | 20.0 81| 17.8 .0 | 19.6 .58

H| 18.2 71 25.3| 3.5| 201 .9 | 15.9 3] 19.9 | 1.35

V| 211 .3 | 23.6 1.0 | 23.0| 2.6 | 18.9 3| 217 I.05

9 |H| 20.3 .2 | 25.2 | 4.2 | 208 1.0 | 18.0 4 | 211 1.45

Vi 22.9 8| 255 3] 232| 1.2 211 1.1 | 23.2 .85

01 H| 226 6| 270| 36| 227 1.5| 19.7 3| 230] Iso

V| 24.7 1.2 | 32.7 2.5 | 25.8 1.0 | 23.3 .7 | 26.6 1.35

I H| 24.5 I.I | 30.0 2.8 | 28.3 2.7 | 21.7 .3 | 26.1 1.73

|V 28.5 | 3.3| 33.I .3 | 28.2 6| 24.3 .1 | 28.5 1.08

H| 25.9 9| 34.8 3.7 | 29.7 2.2 | 24.5 .9 | 28.7 I.g3

|V 28.9 1.0 | 35.2 6| 279 .3 | 26.0 .0 | 29.5 48

3 | H| 26.2 5| 39.3 7.1 | 30.6 2 | 27.2 .6 | 30.8 2.10

n Vi 31.9 8| 35.9 3| 34.3 1.5 | 32.9 .1 | 33.8 -70

H| 32.2 2.5 | 40.7 6.3 | 36.5 1.5 | 32.0 .81 35.4 2.78

15 V| 37.0 1.6 | 55.8 4.2 | 40.8 2.0 | 38.5 1.0 | 43.0 2.20

H| 35.8 1.8 | 60.5 8.5 | 48.0 7.5 | 35.3 3.7 1| 44.9 | 5.40

16 | V| 425 38| 680 1.6 53.0| 3.0 53.0| 3.0/ 54.1 2.85

H| 45| 1.7|69.3| 51597 7.5|597| 7.5| 583 | 545

Av.V.| 239 1.26| 29.1 1.56| 24.2 I.II| 22.7 .63 25.0 1.14

Av.H.| 22.6 .99/ 30.3 3.30| 25.8 2.12 21.55! 1.20| 25.1 1.91
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578 HUEY :

The results for three subjects are as follows :

TaBLE II.

Showing average time for reading sense passages in vertical and
horizontal arrvangement.

VERTICAL. HORIZONTAL.
Av. time per 50. Words per sec. Av. time per 50. Words per sec.
T. M.V. T M. V.
P. 1047 1.1 4.78 10.55 1.2 4.74
K. 14.40 .5 3.47 12.00 1.5 4.17
B. 14.13 1.9 3.54 12.00 2.0 4.17
Av. 13.00 1.2 3.93 1I.52 1.6 4.36

Experiment B, 2. 'The same test was also made in a some-
what different form. This time the subjects read a sense
passage of 323 words, aloud, as fast as possible, continuously,
by one method (vertical or horizontal) and immediately read
the same passage by the other method. The arrangement in
vertical columns was as in the preceding experiment. After
some days the reading was repeated, the order being reversed.
Results for four subjects follow in Table III.

TABLE IIIL.
Showing maximal speed of veading a sense passage aloud.
VERTICAL. HORIZONTAL.
Av. time for 323. Words per sec. Av. Time for 323. Words per sec.
M. V. M. V.

P. 75.05 6.0 4.30 75.3 2.2 4.29
K. 74.45 2.4 4.34 66.45 5.5 4.86
H. 62.10 1.9 5.20 59.1 .5 5.47
D.109.00 11.4 2.97 99.90 §5.I 3.23
Av. 80.15 5.4 4.20 75.19 3.3 4.46

Experiment C. 'This test was an exact duplicate of the
preceding one, except that the reading was done silently in-
stead of aloud. 'The subjects were directed to read it all, but
by their own fastest method, and to pronounce the last word
as a signal for the time-taker. Below are the results for five
subjects :

TABLE IV.
Showing maximal speed of reading sense-passage silently.
VERTICAL. HORIZONTAL.
Av. Time for 323. Words per sec. Av. time for 323. Words per sec.
M. V. M. V.

P. 64.60 10.2 5.00 48.55 4.9 6.65
J. 121.80 6.2 2.65 83.70 o.1 3.86
K. 46.65 1.4 6.92 34.00 I.2 9.50
D. 65.15 6.7 4.96 31.40 3.I 10.30
B. 69.90 7.9 4.62 43.65 .15 7.40
Av. 73.62 6.5 . 4.83 48.26 1.9 7.54
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PSYCHOLOGY OF READING. 579

In all these tests with words making sense the advantage is
with the horizontal reading, but it is well to remember that the
vertically arranged matter of all the sense-passages had been
pasted on the page word by word ; and in spite of all care the
page presented an appearance more or less different from that
of a neatly printed one. The distraction of attention incident
to this, and to the vertical arrangement in general, would seem
to be greater in silent reading, when no sound of the voice
was present to help guide the attention and make visual dis-
tractions relatively unimportant. The smallness of the gain
in speed in silent reading by the vertical method may be due
to this, at least in part.

The enormous amount of practice in horizontal reading,
which all subjects have had, must of course be taken into
account in any such comparison. Subjects say they can easily
read straight down with one downward sweep of the eye; but
that they forget and use the old side-to-side method, taking,
of course, more time with such short lines.

Then again, it is probable that the subject may have a
greatest possible speed by one method and a greatest normal
speed, or speed of comfortable and intelligent reading, by quite
another.

Miscellancous Observations. 'The readings furnished data of
considerable interest aside from the immediate purposes of
this comparison.

Rate for words of different length, for instance, in Table I
dissyllables (6 letter-list) take but little more time than mon-
osyllables (4-letter list) in reading aloud (18.2:16.1). A
five-fold increase in length of words (3-letter to 15-letter lists)
causes only a three-fold (15: 44.9) increase in time; this,
too, though the long words were much less familiar. Single
letters are seen to take almost as much time as short words, as
already observed by Cattell.

Effect of Practice. In Table V below is shown the time of
first and eighth readings of some of the 50-word nonsense-lists.
The first and eighth readings were by the ordinary horizontal
method. Between these were four readings in reverse arrange-
ment and only two in the direct, owing to the peculiar condi-
tions of the experiment. Itwould seem, then, that the practice
in word-order was negative, if anything ; and that the increase
inlspeed was due to increasing familiarity with the words them-
selves.

The testtaken on myself, subject ‘‘Hu,’’ indicates that there
is a point beyond which further familiarity with the words does
not very appreciably increase the speed. In arranging the lists
and in the experiments I had become very familiar with every
word ; and this no doubt accounts for the constancy of speed.
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580 HUEY:

TABLE V.

Time, in seconds, for first and eighth reading of 50 words in nonsense
arrangement, at maximal speed, aloud and intelligibly.

Single letters. | 5-letter words. | 9-letter words. |13-letter words. Average.

1st R. | 8th R."| 1st R. | 8th R. | 1st R. | 8th R.| 1st R. | 8th R. | 1st R. | 8th R.

15.0 | 15.6 | 17.0 | 14.6 | 21.8 | 21.6 | 30.4 | 25.2 | 21.05 | I9.25
14.8 | 11.9 | 20.0 | 18.4 | 29.4 | 20.8 | 46.4 | 29.4 | 27.65| 20.12
16.8 | 12.4 | 19.0 | 17.8 | 21.3 | 19.8 | 29.8 | 26.1 | 21.73 | 19.03
12.0 | 11.6 | 14.4 | 15.0 | 17.6 | 17.4 | 27.8 | 27.0 | 17.95| 17.75

Z|E €0 |

14.7 | 12.9 | 17.6 | 16.5 | 22.5 | 19.9 | 33.6 | 26.9 | 22.10| I9.05

Reading of Sense and Nonsense Matter. 'The speed in read-
ing aloud was found to be closely correlated with the ‘‘sense’’
made, as might have been expected. Sense-passages were read
in little more than half the time taken for nonsense-passages
having an equal number of letters. There seems to be a camar-
aderie, as Egger calls it, among our words, and even among
our phrases and sentences ; and pronunciation of an adjective,
for example, seems to subexcite association tracts representing
substantives ; — preferably and more strongly the substantives
with which the particular adjective has been most often asso-
ciated. Of these subexcited substantive tracts, some are still
more excited by closer association with the general subject
under discussion in the matter read. The right word, then, is
ready to leap out at the slightest suggestion from the printed
page, if that passage makes sense. If, however, it does 7of
make sense ; —if a preposition, e. g., follows the adjective, the
utterance of the former must suffer a loss of time due to lack of
association in the past between adjectives and prepositions—
there is no sub-excitation, to speak in physiological terms, of
the organs for pronunciation of the preposition. Indeed, there
is more than that ; there is an interference of associations such
as Bergstrom investigated in his card dealing experiment.! So
in certain positions the substantive tends to arouse verbs, the
preposition its related object, etc.?

II. COMPARISON OF THE IMPORTANCE FOR WORD RECOGNI-
TION OF THE FIRST AND LAST PARTS OF WORDS.

A passage of sense-reading containing 456 words was printed
in ordinary fashion, making a page of 43 lines, with consid-
erable paragraphing. Several copies of this were obtained.
From one copy the exact first half of each word was cut out,

1See Am. Journal Psyck., Vol.V, 356, ff. Art. on Experiments upon
Memory.
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PSYCHOLOGY OF READING. 581

letters being cut in half when necessary ; and from another
copy the latter half was similarly cut out. The arrangement
is illustrated below :

1y ures f ch 1 eme? f is es ot eal o
i, en 11 » dly, om 1 re tical point,
ate he ages ad o>rms st atly  ded? r
pose so bine e >ws, tically 1d wise, ad
o nda ated py o ch ibutor.
he =ms low ely gest ding  ics. ect se
u re st ested n ad 1d ay ers.
ar feat o su & sch I th do =nc app t
y¢ th wi yc kin fr ¢ mo pract stand
ste tt char  ar refc mo grez:  nee Ot purg
i t com the vie statist ar other ar

t se epritr co t ea contri
Th ite bel mer sugg lead top Sel  the
yc a1 mo inter i ar ad an oth

any features of such a scheme? If this does not appeal to
you, then will you kindly, from a more practical standpoint,
state the changes and reforms most greatly needed? Our pur-
pose is to combine these views, statistically and otherwise, and
to send a printed copy to each contributor.

The items below merely suggest leading topics. Select those
you are most interested in and add any others.

Each page thus honey-combed, was fastened closely upon a
white paper background. The page was then marked off into
four divisions. Two readings were taken, separated by sev-
eral days. The subjects read the entire passage at each sitting.
At the first reading, e. g., the subject would read the first divi-
sion of the passage, with the first half removed ; then the second
division with the latter half removed, and so alternating. At
the second reading he would read the first division with the
latter half removed, then the second division with first half re-
moved, and so reversing the order throughout. The passage
used had not been read by the subjects previous to the experi-
mental reading. ‘The subjects were directed to read as fast as
they could consistently with making as good sense as possible,
but not to feel that they ‘‘had to hurry.”” They read aloud,
the experimenter following the reading on a duplicate copy,
and marking the words read correctly. The time spent on each
division was taken with the stop-watch, the subject giving a
signal when he reached the end of a division, never returning
to correct mistakes. The first division contained 163 words,
the second 125, the third 111, the fourth 57. Below are the
results for three subjects :
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PSYCHOLOGY OF READING. 583

Among the factors that co-operate in this result may be men-
tioned (1) the tendency of English to place the accent on the
first part of the word, the accented part tending to represent
the word, at least the spoken word ; (2) the preponderance of
suffixes over prefixes, the main root of the word being in the
first part, thus rendering the first part more important,

It seems probable also that the time-order in ordinary inter-
association of syllables and other divisions of words has much
to do with the difference shown. This time-order has almost
always been from the first toward the latter part ; and, as has
been shown by various experiments, associations do not work
nearly so well in reverse time-order.

III. MOVEMENTS OF THE EYE IN READING.

By watching the eyes of subjects while reading matter such
as a page of this JOURNAL, I found that I could always tell them,
at the end of a passage, just how many lines they had read, de-
spite their subjective notions that their eyes did not sweep along
each line. By having the subject read aloud and noting the
syllable pronounced just as the eye turned for the return sweep,
I found that I could get the approximate distance of the eye
ahead of the pronunciation, for at least one point in the line.

Besides, the most casual observation -showed that the eye
moved along the line by little jerks and not with a continuous
steady movement. I tried torecord these jerks by direct obser-
vation, but finally decided that my simple reaction to sight
stimuli was not qnick enough to keep up with them when the
subject read at normal speed.

It seemed needful to have an accurate record of these move-
ments ; and it seemed impossible to get such record without a
direct attachment of recording apparatus to the eye-ball. As
I could then find no account of this having been done, I ar-
ranged apparatus for the purpose and have so far succeeded in
taking 18 tracings of the eye’s movements in reading as many
passages consisting of from g to 30 lines each, in different sizes
of type and with lines varying in length from 21 mm. to 120
mm,

The apparatus consists essentially of (1) a frame for fixation
of the head, fastened between iron standards which are clamped
to a heavy table; (2) of a light recording arrangement, resting
on the top of one of the standards, connecting by a light cel-
loidin-covered glass lever with a cup capping the cornea, and
writing its record on the smoked drum of a kymograph by
means of a celloidin-tipped tubular glass pointer, (below is a
somewhat simplified horizontal plan of the arrangement for
recording); (3) of an electric time-marker wired to a clock
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584 HUEY;

marking quarter-seconds, and writing its record on the drum
just opposite the record of eye-movements; (4) of a holder for
the reading matter, arranged to slide on a track bearing a
scale of distances measured from the front of the cornea.

=
!

A permanent fixation of the head with reference to the re-
cording apparatus and reading matter is obtained by having
the subject bite into a mass of partially cooled sealing-wax
attached to a mouth-piece fastened in the head frame ; the im-
print of the teeth being preserved when the wax hardens.

The cups used for attachment to the cornea were made by
casting plaster-of-Paris over either a carnelian marble or a steel
ball having a radius of curvature a very little less than that of
the cornea. The outer surface of the cups was sand-papered
until quite thin and light and a hole was drilled through the
center, of a diameter of 1.7 mm. The cup has been placed on
the left eye, in experiments thus far.

As may be seenfrom the diagram above, there was no weight
on the eye but that of the cup and short lever directly attached
to it ; and the work of the eye-muscles needed to run the re-
cording-apparatus is almost imperceptible in actual reading.
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PSYCHOLOGY OF READING. 585

The eyelids are kept separated and the subject prevented from
winking by lead fingers fastened to the head frame and pressing
sufficiently upon the skin above and below the eye.

The eye was rendered anzesthetic by the use of cocaine.
Beyond the dilation of the pupil (corrected by the cup acting as
a diaphragm), and an occasional interference with accommo-
dation, the normal action of the eye seemed to be in no way
interfered with.

In beginning each test the eye was fixated on the left end of
the first printed line, or of two or more parallel ink lines drawn
above this. When the kymograph had attained its proper speed,
at a signal from the assistant, the eye was moved along the
line and fixated on the other end, then back, and so on, back
and forth for from two to five lines before the reading began.
This was done to furnish known bases for comparison with the
later curves. The curves show no interruption from end to
end, until the reading begins. Then, however, the curve is
not only a/ways interrupted by the eye’s several fixations, but
is always shorter than the curve representing the lines whose
ends were fixated, showing that the eye does not travel the
entire length of the line in reading.

In some of the tests the ends of the last two lines were fixated
also, and probably this will be found most convenient for pur-
poses of measurement. By reading the same matter at different
distances from the eye, the number of jerks was shown to be a
function of the matter read rather than of the arc described by
the eye’s rotation.

A series of eight tests was taken with special reference to de-
termining what function the lateral movement of the eye is of
the length of the line, and with what width of column the lat-
eral movement may cease and the reading be done with one
downward sweep of the eye. ‘The passages used were cut from
Munsey’s Magazine and the Cosmopolitan, and were in their
ordinary size of type, with lengths of line varying between 21
and 120 mm.

The tests show at a glance that the lateral movement decreases
much faster than does the length of the lines and that at 21 mm.
the reading may be done without lateral movement, though
this is still apt to occur, probably from habit.

By the help of the quarter-second record written ou the mar-
gin of the paper, it is possible to measure approximately the
time during which the eye remains fixated at each point, but
the unit is too large for getting the speed with which it moves
from one fixation point to another.! The latter point is espe-

1A promising attempt has been made to measure this by means of
the spark method of time recording.
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cially interesting, as it would seem from the curves that the
speed may be so great that the retinal impressions fuse and that
we really do not see foveally what we read except at the few
points on the ordinary line at which the eye pauses. These
experiments are as yet incomplete; and the data which they
furnish cannot be arranged in time for this report.

For the suggestion of making a direct attachment to the eye-
ball, I am indebted to Dr. August Ahrens' who reports making
a firm attachment of an ivory cup, but failed to record the
movements. I am told that cups of glass have also been
attached, in ophthalmological practice. I am also indebted to
Prof. Delabarre for the suggestion of plaster-of-Paris as a most
convenient material, and this has been used thus far, ivory cups
being rather troublesome to make, while the plaster-of-Paris is
easily workable.

No trouble was experienced in getting the cup to stick for
as long as was desired, when the lids were kept well separated ;
indeed, it was somewhat difficult to remove it on several occa-
sions. ‘The experiments have so far been made on but two sub-
jects — Prof. Hodge and myself. I am especially indebted to
Prof. Hodge, asit has been difficult to get subjects ; partly from
an exaggerated notion of the danger to the eye, partly from the
defective vision of those who were otherwise available.

1See his ‘“ Die Bewegung der Augen beim Schreiben,’’ Rostock, 1891.
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