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Human _processing of COmputer¥cogprolgg_gisblay§

Movements of the éyes were recorded and anglyzed as people read
texts presented in 2 different spacings, 2 different character
densities, and at 5 different SCroliing rates. The two spacings,
single and double, induced statistically different results in-

efficiency of reading, but at a quantitative level of little

- practical significance. Character density was evaluated by

presehting 49 characters or 8¢ characters per 1ine.(actua11y, 35
oharacters'of 7@ chéracters in theﬂé@ or 8¢ size). Results favour
the smaller size character in respect to efficiency of reading.
Comparison of scrolling ratés, from zérb to a speed 20% fasﬁer than
the feaders’ judged optimum, suggests that the stafié page (zero
rate) is processed more efficiently than the page the readérS"

selected as an optimum rate or a page 12% slower than their

- optimum; pages presented faster than their optimum were read more

efficiently. The reason for these results seems to be that readers

underestimate their “optimum™. Moreover, little if any change in
optimum occurs as a function of practice with 16 pages of text. An

alternative, in which by program control text was presented at 10%




Page @3

or 20% faster thén at the selected optimum scrolling rate, should
lead to more efficient performance, but might create some problems

of user acceptability. -Our recommendations are as follows:
1. 'Single spacing should be used in preference to double spacing.

2. An 8@-character line should be used in preference to a

4@-character liné.

3. Decisions regarding scrolling can be taken on economic or
practical COnsideratioﬁs other than those related to performance. |
If scrolling can be built in at little additional cost, it might
be offered as an option to people who like to_uée it; but if it
is costly to achieve, its implementation might mot be wholly

justified by behavioural criteria.

4. If scrolling is offered as an option, it should be smooth

scrolling not jump scrolling.
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ﬂuman_ggocessing of Computer—-Controled Displays

It seems highly likely that the CRT will become a standard
medium for display of textual and graphic information, both in a
passive mode, as on ccmmencial TV, end in an inferactive mode, as
in Telidcn° The CRT, or TV "pagef, offers several methods for
presenting text, some of them unknown or impossinle to the printed
page. The recent development of interest in the CRT for such'
display pufposes has concentrated primarily on its engineering
aspects; hence the human factors or psychological aepecf of
performance has not been wvell studied. Moreover, where interest
has been directed to the readability or interpretability»cf CRT
faces, the principal measure of performance-has been
identifiability or discriminability of‘individuél characters,
preference ratings, or simply speed of reading. The method we use
investigates performance in aidynamic way by assessing'ocular and
cognitive efficiency in the uptake of information from the display.

Considerable good work has been carried out on television
legibility, needless to say, as in the nell known studies of
Shurtleff (1967, 1969), Vartabedian (1971), Giddings (1972), and
others. More recently, investigators have directed their attention
to the legibility of characters as'determined by components of .>

their dot matrix, as in the studies of Snyder and Taylor (1979) or
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Riley and Barbato (1978). Discriminability studiés suffer} however,
frdm the intrinsic disadvantage of questionable pfedictabiliity to-
the dyﬁamic situation; clarity and discriminability of individual
characters is only'a component--and one of uncertain |
significance--in ovérall reading. Classical studies (Huey, 1908)
demonstrated empiritally what everyone’s experience also reveals.
We can often read and understand quite well text whose individﬁal
characters have bEen_made unrecognizable by smudges, distortions,
and other perturbations of the display. Hence, ?eadability or even

legibility of a text cannot always be predicted accurately from

confusion matricies or‘discriminability tests of individuval letters. -

A more dynamic proceduré would assess actual performance.
Until recently, the principal way to do this was to follow the

standard technique (Tinker, 1963) of measuring speed of reading or

~time on task for different sorts of display, assuming or testing

for equivalence of comprehension. With this method, élmost all
information regarding berceptual constituents of the task is lost
and only the total time speht on the task is available as data. A
method that promises more analyticai.data regafding performance
measures the movement of théir eyes as people read (Levy-Schoen &
0 ‘Regan, 1979). In the application:we have made, a laboratory
computer contfols the display of-a text on a television monitor; a
specially adapted television camera fecords the eye as the subject
reads fhe display, and suitable circuitry analyzés the TV output in
terms of direction of gaze. The resulting data, sampled at 6¢ hz,
are then stored by the same computer‘for subsequent analysis. We

adapted this system to study the performance of people reading
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texts presented at varied rates, character dénsities,-andAspacing,
.with>particular interest directed at the variable of scrolling. Our
results suggest that scrolling confers a slight disadvantagé‘to the
reader compared tb the static page when the reader sets the
scrolling rate, for readers tend ‘to underestimate their ability to

read and understand;

Method

Apparatus. A PDP 11/03 laboratory computer controled the
display and recorded the*data from the eye tracker. That device, a
Whittaker (now Gulf + Western Applied Science ILaboratories) Eye

Movement Monitor uses an infra-red-sensitive television camera to

“acquire a highly magnified image of the reader‘é left eye, and

calculatés the position of‘the center of its pupil 6@ times per
second., Voitages.put out by the circuitry vary with;changes~in the
positidn,of the eye~in orbit. Interpretation of these voltages is
made possible by comparing them to voltages generated when the eye
looks at targets placed at known positions in spacé,lthe .
calibration taréet described below. The displays the person looked
at appeared on an Electrohome 23-inch home television monitor that
was slaved to a VP-1¢@ CRT terminal used as a character generator.j
Hence_thé character set was displayed interiaced, simulating the
appearance of disﬁlays on the home TV.

In summary, the computer created a display for the person

to look at while the eye movement monitor fecorded variations in .

'lookihg,,and the digitized samples from the eye movement monitor
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wvere transmitted td the computer for processing. A schematic chart

of the system appears in Figure 1. More detail regarding its

operation is presented in Appendix 1.

Displays. The displays compared two text densities
(40 and 80 charactgr), two spacings (single and double), and five
scrolling rates. One rate Qas zero scrolling, a solid page of
text. The other four were individually taiiored to each person’s

preferred rate and consisted of a rate 10% slower than the

‘preferred rate, the preferred rate, and rates 10% and 20% faster.

Two kinds of scrolling were studied. One,‘the standard " jump
scroll”, moved the'aVailable text upwérd seemihgly'in a quantal
Jump from line to line. The other, a'smoother—looking scroll,
moves a whole line of teit upward over a period of_a considerable
fraction of a second. In one case the'text moves discretely and in
the other it moves Continuously; In preliminary experiments we

found that jump scrolling induced many errors of reading and was

; uniformly disliked by the people tested; therefore the smoother

scroll was substituted and all of the results below were obtained
with thét interlaced smooth scroll. The smoother scrolling is
accomplished by moving the information in each raster line one

raster line upwards every sixtieth of a second (the scrolling mode

of the VI-1¢@). As this traverse time is the same for all scrolling

rates, differencies in scrolling rate were created by the amount of
time a line of text was at rest before being moved.
Texts. Unrelated passages of about 3¢@ words in length

were sampled from Miller (1962), a source used previously (Kolers,

1979) and known for the evenness of its styie and its ready
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comprehensibility by an "educated layman.  Examples of the text as |

it appeared on the screen can be found in Figures 2a to 2d. Each. i

passage was followed by a set of 10 questions in order to insure

that the subject actually read the various texts. These tests of | %
comprehension were hade ﬁp.of qﬁestions half of Whicﬁ_were and half =
of which were not answerable on the basis of the information in the
passage Jjust read. ‘The subject indicated by tapping a key Whether

a question was answerable or not. Some samples of qhestion pages
éppropriate to the texts of Figure 2 appear in Figure 3. Note,

howéver, that the samples in Figure 2 do not illustrate a whole

passage of 309 words. | .

The texts appeared on a screen approximately 129 cm (4 ft)
from the subject's eye. The effective field of the screen measured
38 x 28 cm, or approximately 17.5 x 13 deg visual angle. The
letter M, the wusual standard, measured 5 and .1¢ mm in width, or .25
and .5 deg visual angle at the eye, and 1¢ mm high, in the two.
character sizes. The length of the line used in‘praétice was 35 or
7@ characters,
testiﬁg sessions. In the first session the subject was
familiarized with the apparatus, displays, and proéedures° In
addition, measurements of the preferred scrolling rate were made
for eéch of the displays used.

Actual data were obtained in the second and third sessions.
These conSisted of eye movement records and comprehension test |
scores for each of the displays used. A typical session began with

a set of calibrations; then five passages of text were presented
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for reading, each passage followed byva compreheneion test. A
second calibration ended this phase. After a rest of five to ten
minutes,»theeprocedure was repeatedeith another set of five
passages. The session lasted about an hour, for a total of 10
passages and 4 calibrations. On. the third day, the first phase wes
increased to six passages and the second bhase was terminated by
measurement of preferred scrolling rate again. As mentioned, the
system measured movements of the reader's left eye. In order to
improve accuracy-ofymeasﬁrement, the reader wore an eye patch over
the right eye. 1In additiOn, the readerfs head was restrained by
means of a chin rest and head clamp.

The order of preeentation of the 20 texts was besedAon 20
randdm orders,~thereby»controling statistically against practice
and\fatigueo"In the experiment subjects signalled by tapping a key
to show when they had‘finished reading the scrolled page, or when

they had finished an intermediate page of static text.

individual eyes, direction of the eye's gaze cannot readily be A
determined from the data that the TV camera supplied if the data

are referenced to absolute positions in spece,.An alternate
procedure is to have the person 1dok at specified targets and to
measure the actual voitage signals generated bhy the TV'camera for
the eye at that position. If a large enough number of specified
targets 1s employed, a fairly good representation of the eye’s
positions can be obtained from interpolated values. in practice,

we used a 5 x 5 matrix of points which appeared individually on the

screen for 1.8 sec each which the subject\Was instructed to look at
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directly. The 25\point5 defiﬁed the berimeter of the display space
and:interior points. Voltages génerated by a subject’s looks at
the 25 targets were used to construct a two-dimensional surface.
based on least-squares fits of the points,~and all other recorded
voltages were interpreted in terms of this surface. This
calibration procedure was'repeated a nuhber'of times. The analyses
reported here, however, concentrate on frequency and duration of
fixations, not their location. |

Subjects. The data reported are based on tests.
completed on 20 subjects. All were students, principally at the
University of Toronto. All reported having_normal visual acﬁity
- without corrective lenses. One subject claimed to have tunnel
vision with only 5 deg of central vision. We tgsted her as a matter -
of interest but found her data indistinguishable from those of the
other, normally sighted, subjects and so included it here. Another
1@ subjects were excused after the second session or were replaced
afterithe third because of poor of inadequate data due to eniarged
pupils, excessive movements of the head, or the like. All subjects:
were voiunteers recruited through public announcements and were'
paid for their participation. They were tested individually‘at
about the same hour on each of three days. |
sample vol tages per second for each of the thrée
variables--vertical and horizontal components of eye position and
pupil diameter. The'latter variable indexes luminance changes to
the eye, due principally to blinking, and affective reactidns to

the text. Since the text is fairly straightforward informative



discourse, we are not in a position to‘interpret variations in
pupil diameter. Hence, this variable was 1arge1yAignored in what
follows. Special programsiwere written to evaluate the x and y
outputs of the system. These discriminated45teady\fixation5 from
movements of»the eye, blinks, and other perturbations of the
record. The overall logic of the software is described in Appendix
2. Data analysis was carried out upon the identified fixationslof
the eye, taking into account their number and duration and using
these as input to appropriate analyses of‘variance° The analyéesk
were usually 2 x 2 x 5 x 2@ for spacing, chapacter size, scrolling
rate, and subjects. |

Measures of the eye. Ocular behaviour can be

decomposed into a large number of variables (Rayner, 1978) which

serve different analytical functions, and many‘of which are

correlated. The main analyses we have used are defined as follows:

1. Total number of fixations (NUMFIX). The total number of
fixations required to read a single passage. Séme fiiations wvere
lost due to system ndiSe (including the suﬁject), so the value was
obtained by normalization, iﬁ order to make comparison across
passages possible., The normalization yielded N = Nx T / (T -
T), where N is the numbér of fixations actually recorded, and T
and T’ are the total time spent reading and the time lost to the
recording, respectively. Lost time was about id% of total time on

average.

2. Number of fixations per line (FIX/LIN). ;The larger the

character size, the fewer words per line of text? hence, the more

time lost to return sweeps of the eye and other aspects of overhead
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unrelated to actual data sampling. Calculating the number of
fixatiéns per line gives a closer approximation to actual data
acquisition within the framework of scrolling. Comparing number Qf
fixations per line to total number of fixations can give some
sense, albeit a weék one, of time andAocular work lost to overhead.

3. Numbef of words per fixation (WDS/FIX),‘ Character size
will influence the results of the preceding analysis inasmuch as
there are twice as many words (approximately) in a line of 80
characters as in a line of 4@ characters. Tallying fixations in
terms of tﬁe number of wdrds within the line giveé the most
analytical measure of the effectiveness of the visual data
acquisition capability°

4. Rate of fixating (RATFIX). The rate at which readers
move their eyes has long been a varilable of particdlar interést
(Kolers, 1976). The rate measﬁre is cbmposite, 1ncludiﬁg~both the
duration of a fixation and the interfixation or travel time of the
eye. _

5. TFixation duration (DURATION), Presumably, the longer
the time spent fixating a target, the more detail that islfaken'in,
or is required to be taken in by the reader in order to proéess the
information further. More difficult texts customarily take longer
fixations.

6. Total time (TOTTIM). The standard or classical measure

of performance is time on task.
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The main data have been summarized in Table 1 in terms of

the six dependent measures described above. Note that for. four of

- the measures the quantities indicated are number of fixations, but

for thé rightmost two fhe variable is time in seconds. The
analyses of variance applied to the‘data‘yielded‘significant
F-values only fortmain effects and for a few interactions of
subjects with main effects; no interactions among the main effects
themselves wvere statlstlcally signlflcant .The table ﬁill be
described in the order of its rows.

(1) Spacing. Single spacing takes a few more fixations
per line, slightly fewer words ére read per fixation, and total
reading time is slightly 1onger. Doﬁble spacing of course requires
twice as much screen as single spacing does to display the same
quantity.of text. This doubling of space yields an improﬁement'in
performance of about 3% in number of fixafions, and about 2% in
total time to read a passage. The duration of individual fixations
and the rate of fixating are unchanged by changes in spacing.

(2) Character size. Doubling the number of characters per
line by halving their size 1ncréases the number of fixations per
line from 4,82 to.8,®®, but the total nﬁmber of fixations péf
passage is fewer, the number of words acquired with‘each fixation
is larger, the duration of each fixation is 10nger; but the overall
réading time is shortér; To put it another way, the readefs make
fewer fixations but longer ones with the text made of smaller

characters, apparently acquiring more information from the text
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wiﬁh each fixation. The analysis of spacing and charactef size
clearly suggest that more densely paqked text is read more
efficiently,in terms of ocular work and time than is more loosely
packed text.

(3) Scrolling. Two sorts of scrolling weré studied. In
jump scrolling a line of text remains in place fdr'some duration
and then appears'displacéd upwards within a single raster scan, to
be replaced by the next line. We studied this-mode of scrolling
with a sméll number of sﬁbjects w;th unifbrmly negative results:
readers made many errors, often lost their place, and actively
disliked this display mode. As described earlier under Displays, é
smoother scrolling rate was substituted with the results shown in
Table 1. | |

de‘sorts of comparison may_Be made. One evaluates the

data for positive1y sCro11ed texts (Slow, Optimum, Fast, and Double

Fast); the other evaluates the difference between a Static page and

a page scrolled at the reader’s preférred or optimum rate. We
consider these in turn. | _

| The principal finding for positiVely scroiied texté is_that
performance improves throughout with an increase in scrolling rate.
The number of fixations per line is fewer and the words acquired
per fixation are more as rate increases from 190% slower than the
optimum to 2¢% faster. Moreover, the average dﬁrétionlof fixations
decreases. The paced nature of the tésk necessarily-ﬁakes the
total_time‘shorter for the more rapidly scrolled text (99.92 sec
compared to 76.71). The reduction of é?%Ain time for which the text

is available is accompanied by a reduction in actual reading time
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of 23%, a reduction of 27% in total fixations and a reduction of 21%
in fixations per 1ine,:but with an increase of 25% in the number of
words acquired with each fixation. Moreover the duration of eaéh
fixétion‘decreases by about 10 msec,and the number of fixations
increases, both qudntities statisticdlly<Significant by t-test.

Comparing the static page with the sé1f~§eleCtedloptimal
scrolling rate indicates that the static page elicits fewer
fixationé both’overall and perAline, and that more words are
acquired.with each fixation directed at the static page than at the
optimally 5crblled page. In fact, with respect to these thrééi |
quantitiéé, the data obtained with the static page closely resemble
the data obtained with the-pages scrolled 19% faster than the
subjects”’ optimum.v The rate of fixating is slower with the static
page but each fixation lasts for a longer time. Moreover, the
total time required to read a passageAis less for thé stétic page
than for the optimally scrolled page even when iny‘those two times
are compared in a separate analysis of variance [F(1,20) = 10.24, .
p<.21]. Thus, the»data suggest that people read a Static page more
efficiently than a page scrolled at their self-selected optimal
rate. |

As remarked under Procedure, optimal scrolling rates were
redetermined at the end of the third testing'segsion. (The
prodedure waé instituted only after the third subject was tested.)
It will be recalled that the subjects read 16 scrolled pages during
the testing, a quantity sufficient to reveal practice effects. The

analysis of variance revealed a marked effect due to sub jects——11

' improved in speed but 6 set the rate slower on the second
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teéting——anﬁ no main effect of practice (F < 1). The average
scrolling rate was 1 line every 2{32 Sec. aﬁ the beginning of
testing and one line every 2.30 sec. at the end. 1Individual
differences, it should be added, are marked throughout these
analyses, yielding significant values of F in everyvtest and often
interacting with main effects. The magnitudé of these differences
can be appreciated from the ranges indicated in Table 1.

The method used to insure that subjects read the texts and
did not Jjust scah them was to test for comprehension after e&ery»
passage. Analysis of variance of the scores yiélded mérginally
significant differences among the subjécts F(19,76) = 1,96, p<.d5
but nolinteraction'between subjects and any of the teéting
conditions,vand no other significant main effects or interactions'
among them. The test was SO‘arranged that'5®% cbrrect Qas the
chance score. The scores obtaihed ranged from 79%“to 96% with a
grand mean of 88.77% The results suggest that thé subjects read
the passages with intent to comprehend and did comprehend their
contents to a satisfactory degree. Hénce the results'réported
above can be regarded as-obtainedxfroh people engaged in motivated
reading. |

We may note;‘finally, that after the end of the third

session the participants were asked whether they préfefred‘the
static or the scrolled pages. Thé results were that about 60%
preferred the scrolled, the_remainder the static pages. Presumably,
§ome scrolling speeds were liked bettér‘than-others, but our

procedure did not allow us to make such inquiries.
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Discussion

Books used.ﬁo be made of small, densely packed_pages. For
unsure reasons, some having to do with notionslof'"mental hygiene",
larger and more spaced texts became popular (Htey, 19@8), the
trodition prevailing still today. It is weli‘known that character
size and line length interact in their effects on readability;‘the
size of the book page was determined'in part by the size of the
human hand holding the book, and the 1ine‘lengths were determined -
accordingly. For the case of the CRT, oage size is fixed by the
point density of the‘screen; commercial television sets a standard
of approximately 500 raster lines. .

‘With such coarse grain, one might think that large, widely
spaced characters would bevread more eaéily. Our findings in this
seem quite straightforward in suggesting the opposite, that
smaller, more densely packed charactErs take less ocular (and
presumably less COgnitive).work to be read. People expend more
fixations on large charocters but fhey do‘not 1ead to any greater
‘ comprehension of thé text.‘ Rather, the large characters réquire
more screen space and more time for their reading but with no gain
that we have measured. "We do not know'whether,the optimal
character size lies between 40 and 8¢ or‘at some value still
greater than 8®{‘Ifothe latter is true, there will surely be some
point at which the dense characters makevline—finding difficult,
It is the latter difficulty that prompts many printed publicétions
to keep lines short; preSuméhly smaller print can be read.without

error if line finding on the return sweep is eliminated as a
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problem. Very narrow columns, as in newspapers, have been designed
to allow the reader to scan vertically, without need of the return
SWeep. Columnarvorganization of text on a GRT could similarly be
utilized, particulariy if the textual material is designed for
searching rather thaﬁ detailed reading.» These varidus
considerations suggest a need for particular recomméndations
regarding organization of the electrohic page.' Uncritical
extfapolation from printed page to electronic page may not be
Justified. |

One way in which the electronic page differs wholly frbm
print is in qllowing for scrolling. Several advantages are
available to this method. One, for example, would allow text té
flow through a window, a few lines visiblé at a time. How many
lines should be visible has not been studied yet. ‘The results
preéented ‘here cover the case of a window corresponding to 20
single space lines in height. |

Our results suggest that scrolling has certain fécilitative
effects on reading, along with the pleasantness that Oleron &
Tardieh (1978) have ascribed to it. It can induce people to read .
more efficiénfly—~that is, with fewer, shorter fixations, taking
less time to accomplish the reading--at no apparent loss in
éomprehension. The rate at which the facilitation occurs is,
hovever, something of a fly in fhe ointment. If the sbrolling
occurs at a rate less than the reader’s optimum, the reader makes
more fixatiéns and longer fixations. As the rate is gradually
increased, performance increases correspondingly, with best

pefformance found at a rate 20% faster than the optimum scrolling
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rate.

 To understand the significance of this finding, it is
necessaryvto compare performance at the self-selected optimum
scrolling rate with.pefformance on a static page,‘-In‘sucH_a
comparison, the advantage is with the static page: it is read with
fewer fixations, in less overall timé, and.with mdre wofds acquired
with each fixation. It seems clear to us, then,‘that-éubjects in
selecting an optimal scrolling rate, actually setva rate‘which is
somewhat below their true optimum. Pérformance on the static page,
in fact, is at about the same level as performance on the page set

10% faster than their'optimum; and performance On,the'page

- preprogrammed at 20% faster thah optimum is better still (Table 1).

Moreovef, even the experience that came with reading,16 different
pages of scrolled text did not induce the readers to_increase their
preférfed scrolling rate to any reliable degree, Tor écrolling to
be.effective, therefore, the text wouid have to appear>aﬁ least 20%
faster than the reader requested; otherwise, the advantage‘rests
with the static page. Certainly if self-selection of scrolling
rate is bermitted, then scrolliﬁg 15 1ike1y to be'lesé effective
than a static page. | | |

It will be realized that we have examined only ocular and
cognitive efficiency in the éontrol system aéquiring tﬁe data from
the page; we have ﬁot-studied what the reader makes of theltext,
beyond being certain that the texts were understood. The recent
report by Oleron and Tardieu (1978) mentioned above suggests that
it is more difficult to reorganize or define for oheself a text

that has been scrolled than a static text. Presumably the reader
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vorries that the text will disappear, or the text does disappear,
before reéxamination occurs. Of course such considerations are
unimportant for texts designed to be searched or matched rather
than deeply<understbod. Speeded scrolling may be of serious
advantage in such circumstances. This is but one of many guestions
that require study to ascertain the optimal methods fof presenting
information_on electronic screens. It does seem clear.that
qlassical sources in respect to the.printed page. (Huey, 1998,
Tinker, 1963) cannot be extfapolated wholesale to'this newer
medium. It should be realized also that the analjsis of eye
moVeménté in respect to performance provides a tekture of
explanation that cannot even. be inferred.from a study of only time

on task.
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The eye traoker'andﬁits software support together
constitﬁte a highly sophisticated laboratory system; T acknowledge
with gratitude the contributions of several QoworkersVand
associates to deveioping the System and collecting and analyzing
the data. Chief among them are Dennis Ferguson and Robert
Duchnicky, working immediately in my laboratorf; Daniel Guerin and
Mario Ruggiero of the small systems research support facility of the
University of Toronto Computer Centre, and Fugene Siciunas, Manager
of that facility, organized and developed .the basic system software

and supportivé hardware.
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Appendix 1: System Description

This appendix.prbvides a brief description of the
instruhentation, display and data coilection apparatus utilized in-
the collection and aﬁalysis of thé data presented in this report.

In short, the experimént consisted of having subjects read
passages of text from a a CRT display which was highly similar in
appearance to a a home television set, while tﬁeir eye movemenFS'
were simultaneously recorded. A Digital Equipment Corporation
PDP-11/03 minicomputer with dual S" floppy disk drives was used
both to produce the displays and record eye movements; as well as
for much of the subsequent data analysis. A 23" Electrohome TV
monitor was used for display, slaved to the video putput of a DEC
UT10@ ASCIT CRT terminal. | B |

The eye position information was aquired using a
commercially available Whittaker-Corporation (now Gulf + Western
Applied Science Laboratories) Series 1960 Eye View Monitor. With
this instrument, the eye is illuminated with low level, near
infréred light and a TV image of the pupil obtained with a
sensitive Silicon Matrix Tube television camera. The subject’s eye
rotation and consequently his point of fixation is determined by
the measurement of the position of the center of fhe'pupil with
respect to the coruneal reflection of the light source. These!two

features of the eye move differentially with eye rotationg hEnbe
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the difference is indicative of the eye’s point of fixation
independent of moderate head movements. The two eye position
coordinates (x,y) and the pupil diameter (p) are output in digital

form . at a rate of 68 samples per second.




(Reject), otherwise it is considered "good”. Data values exceeding
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The faw data consists of ‘three values} t0 eyekposition
coordinates (x and y) and a measure of pppil diameter (p). The
fixation analysis algorithm acts upon thé raw data to segment it
into fixations and movements.

The algorithm is based upon two key features. First; the
eye is "fixating” as long as the data péints remain within a |

Appendix_2: Fixation Analysis Algorithm~ »
selected radius; on the basis of preliminary analyses, that value

~was set at 12 raster lines, which is approximately 1.5 degrees of

visual angle. This value sets the fesolving power of the system.
Second, the eye is "in movement” as long as the distance between
two consecutive points is greater thaﬁva specifiedvparameter and
the second of the two points falls outside the circléo-

Before beiqg classified as belonging to either a fixation
or & movement, each data point is checked to see whether the  x, ¥y
and P values lie outside a previously specified range, which woﬁld
have carried it off the screen (x and y), or which signaled
exceptional changes in pupil size, including blinks. If a point

does exceed the range it is flagged and given a special status

the Reject levels may arise for a number of reasons, including
blinks of the eye, very large pupils, and transients.

The'algorithm»begins by searching for two consecutive
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"go0d" points; their geometric centre defines the centre of the
above-mentioned circle. The rest of the data are then processed
one point at a time. . \ |

o Fixations are terminated in three ways; either the data
points begin to fall outside the circle, or a movement begins, or
the fixation is truncated by a Reject. "Fixations whose durations
were less then 199 msec were excluded‘from further analysis, bn'fhe
assumption that they were falsely classified (Levy-Schoen &

@ ‘Regan, 1979).




- TABLE 1:

SUMMARY OF MAIN RESULTS
Independent Variables Dependent Variables
NUMFIX FIX/LIN WDS /FIX RATFIX DURATION TOTTIM
, . (sec) (sec)
SPACING :
Single 241.0 6.52 1.31 2.69 . 263 80.21
Double 233.5 6.30 1.26 .67 264 87.29
F(1,76) g .1p%% 11 . gasss 1. 87%% 1.36 5.1 7. 41%E
% Difference 3% 3% 4% - : ' 2%
CHARACTER SIZE:
Sma11(82) 212.7 8.00 1.46 2.62  .282 81.32
Large(40) 261.83 4.82 1.20 .74 ' .245 05.19
F(1,76) | B81.62%% . 2472.7%% . 285,g%F 33.97%%  148.5%% 387, 71%%
% Difference 23% 66% - - 22% 4% : 15% 17%
SCROLLING RATE: = |
¢ Static 227 .7 6.19 1.38 2.56 .275 88.18
~16% Slow 267.8 7.22 1.18 2.68 . . .266 99.92
"1 Optimum 250 .4 6.74 1.26 .70 ;261 91.904
+10% Fast 229.5 6.19 1.36 2.70 .25 24.5%3
+20% Double Fast .  219.8 5.70 1.48 2.75 .256 76.71

% Difference
% Difference

Range
-Grand'Mean

¢ p<.g1

Scrolling R27%
Optimum—Static  10%

167-394
237 .0

21%
9%

~ 4.58-8.25

6.41 -

25%
10%

1.02-1.82

1.33

3% 4%
5% 5%

2.37-2.95  .220-.%11
.68 263

'23%
4%

65-127
88.25 .
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fne operation detects the occurrence of any sharp edge Sefa ating
light from dark. If such an edge moves into the field of vision and
siops, one group of fibers starts to fire nerve impulses u i}
brazn, % ZE{Eﬂd operation detects small, woving spois; ihi
. &nother operation detects the presence of 3 o nd edde,
2 ?f::zt :zfsfet the onsel of darkness in any larde arez of ihe vizus!

figid. These four operations comprise the tolzl ";i:i_és?g of visuzl
forss ang :zszé: in a frod’s world, Obviously, anuone ¢he in
idgﬁzﬁ: zhout ;zriazéfﬁn 25 3 cogpound Bade up n; many eleseniary
-?-:ss:"- will find l1itile 1o say aboul 2 frod. Th
iz §asszb e to gel some use oul
anted, it is nothing at all like o

expvfzﬁﬁf" t¥= ﬁetzie how the tdtlﬁﬁdfu eye i

1o E?f*”iﬁi%? Eiae a frog is blind. In other ssrdc

priori categories of experience; certainly its vz:agi

not consirucied by some kind of Wundiian association
sencations. The frog 1s on the side of Immanuel Kant
British empiricisis. Before we conclude that frogs are hﬁ;
special and unique, we should recall that there is a long,
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ihe psucholodist became a familiar member of the militar
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how far and how fast a human hand could move, how much




Figure 3(a).

- What are some operations of measurement?

What sorts of scales have natural zero points?

Do biologists agree about which things are alive and which are not?

Who will be the last to discover water?

Which'word_shoﬁld be banned for a decade or two?

Is it impossible for psychologists to construct interval scales?‘
What is similar to tﬁgging at one’s own bootstraps?

Why are the social and behavioural sciences sometimes criticiéed?'
What word has been worn smooth by a million tongues?

What is a ratio scale?




What
What
When

What
What
What
Must
Does

What

‘Figure 3(b)

vas the experiment in role playing?
is a result of an advanced perceptual-motor skill?

do the children express disméy?

Who showed the greater change in opinion?

are the children loaded with?

is pfoduced by active participation?v

do the pictures seem to say?

one believe an argument‘to remember 1it?

a person come to believe what.he or she 1is saying?

are the outcomes of early experiments on 1ineérity?i




Figure 3(c)

How is the stationary eye used?

‘In what atmosphere are the questions asked?

What kind of illness does the patient have?

On whose side philo§o§h1¢aiiy_is the frog?'

Which tradition prefers sorting to associating?

What kinds of data should he collect?

What is the vocabulary of events in the frog's world?

Will he cooperate with the therapist?

Where does the clinical-statistical argument arise? -

What happens when an edge moves into the field of vision?




Figure 3(d).

How did the psychologists help?

Did children have better imagery?

What was .the experimenter’s motto?

Who is concerned with the alternation of intervals of rest and work?
Were his first subjects scientific acquaintances?

What task did the psychologists tackle?

Who helped to heal the mentally wounded?

Which image was the cleareét?

What is the trade name of a large and active sector?

What might be'antagonistic to abstract thought?
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