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ABSTRACT

2n analysis of the types of eye movements of
subjects viewing motion picture filmes and telelessons revealed j
continuum of moverments. Two of the intervals of this continuunm (Mo
Obhservable Movements and Minirovements) were found to he relatea to
intelligence. The factors of age and learninag 4id4 no* correlate with
any of the indices. Subdects in the experiment vere selected €ron
gqrades 6, &, and 11: they vere divided {nto nine cells of siy
subjects each, Tour types of films weie selecteq for the stinulus
material and were shown as one nineteen=minute film, An analysis of
where the suhjects lonked, called the Adensity analysis, showed that
subjects looked at a fev well-defined areas of the screcn. Tesults
fron the densitv analysis are suaggestive for producers of educatioral
films and telelessons, as varioias scene variables are influential en
vhere the suhdects look. In addition, since differences in vievina
patterns occurred between the suharours of age and 10, these aroups
should also he taken into concsideraticn in the stimulus Aevelooment,
Appendices contain forms and tests used in the experinment and
oxper imental data resulting from it. (Y7
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SUMMARY

Th: objectives of this research were (1) to verify vhether a
continw.1 of eye movements exists for subjects viewing motion 3fcture
films ani telelessons, (2) to determine what effect, if ery, utir.dus
characteristics and the subject characteristics of age ani inlel i-
gence have on the ey:-movement indices, (3) to determine the reinticn-
ship between subjects' recall of the stimulus and their eye-i.)'erent
indices,; and (4) to d-termine where the subjects look when th: 5iimu-
lus is presented and whether their viewing pattern i: influenced by
certain stimulus and subject variables.

Subjects in the sample were selected from grades 6, 8, ani 21 of
she Columbus, Ohio public schools. They were screened to eliminste
individuals vho had defective hearing or who failed to meet the re-
quirements for normal, uncorrected vision, The ssample consisted of
three grade levels with three IQ groups in each level. A total of 5k
subjects providei six subjects in cach of the nine cells in the initial
sample although the sample was later reduced because of technical
difficulties. Four types of films were selected for the stimulus
material and were coombined into one nineteen-minute film. Each scene
in the stimulus film was classified on the variables of motion state,
complexity, novelty, clarity, number of attention centers, ambiguity
of meaning, unity of elements, arousal characteristics and auditory
element3. Two tests were constructed to measure the subjects' recall
and wderstanding of the stimulus film. One of the tests measured ihe
subjects' recognition of the visua) portion of the stimulus and the
other measured the subjects' recall and understanding based upon an
integration of the visual and aulitory portions of the film carbined.
1Q scores were obtaired by Henmon-lielson group tests administered in
the public schools, Each subject was brought to the experimental
laboratory and presented the stimulus £ilm while hils eye movements were
recorded with a modified Mackworth corneal reflection apparatus. He
was then given a post-test. Data were recorded on film during each
experimental session end then transcribed from film to computer tape
by & film scanner which was under computer contrnl. Statistical tech-
niques used in the study of the eye-movement indices were mainly
analysis of variance and multiple regression. !pecial programs were
developed to determine where the subjects look.

The analysis of the types of eye movements revealed a continuum
vwhich was divided into four fairly d_.stinct intcrvals., These inter-
vals were defined as follows: No Observable Fovements (O-h.2°/second),
¥Minimovements (4.2-11.4°/second), Swall Saccades {11.4-47.4°/second),
and large Saccades (above 47.L°/second). It was found that intelli-
gence is related to the first two types of indices (No Cbservable
Movements and Minimovements) but that age and leerning are not related
to any of the indices, Certain scene variables, particularly motion
state, affect the eye movement indices,
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An analysis of where the subjects look, rcalled the densit: (:alysis,
showed that subjects look at a few wzll-defined areas of the screen.
The objects they view are influenced by certzin scene variables. For
example, they look at filled spaces rather than unfilled spaces, ron-
centrate on a single object when it is surrounded by a blank spacc and
divide their attention among many objects when they are presen! less
there is a novel object in the scene. When a novel object is present,
they look &t that object in preference to the familiar obJject., 3Zeveral
other aspects of the scene are influential, Also, differences in view-
ing occur between High IQ and Low IQ groups and High Age and Low Age
groups Tor certain types of scenes.

The fiadings have implications for researchers as well as pro-
ducers of educaticnal films and telelessons. One implication is that
researchers should not continue to classify eve movemeuls into the
dichotomy of fixations and saccades “ut rather should use a continuum
of movements. Further research on the types of eye movements and the
function of these eye movements is suggested. Resuvlts fram the density
analysis are suggestive for producers of educational films and tele-
lessons. For example, various scene variables are iafluential on where
the subjecls look. These scene varisbles snould be taken into account
when a film or telelesson is being developed. In addition, since
differences in viewing patterns occur between the subgroups of age and
1Q, these groups should also be taken into consideration in the stimu-
lus develomment. These implications and others are presented in the
Discussion Section of the report.
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CHAFTER I
BACKGROUND FOR THE RESEARCH

Devey has made a useful distinction between a problem and a task,.
According to him, a task is where the objective is clearly defined and
all that is necessary is to find the means to reach the c¢dbiecctive, On
the other hand, in a problem neitner the objective nor the 1eans for
reaching it is clearly in view. The present study would heve to be
classified as research on a problem, The state of the field and tech-
nolcgy at the time this research was begun made both the end and the
means to obtain it unclear. As a result, the problem as stated in the
proposal has changed over the ccurse of the research. Technical equip-
ment difficulties caused numerous cdelays in the project as well as a
few changes in the questions proposed for analysis. During these delays,
experience of the staff as well as new research findings from these and
other researchers caused a reconceptualization of the study. Thus, it
night be said that over the course of the past few yersrs the reseu-'h
problem evolved, so that by the time of data analysis the questi -y veing
considered were slightly different. It is believed by the projeci, :taff
that the end result is a more realistic statement thun the one or.:zi-ally
proposed,

THE PROBLEM AS IT WAS STATED 1IN THE PRCPOSAL

Controlled research on fields such as television and motion piv ures
has been limited by their dynamic and multi-variant nature. For exe: ple,
if it is desired to compare the effects of two types of scene change.:,
it may be found that one scene is preceded and followed by subject mucter
and events of an entirely different orcer than another type of scene.

If one were to control for all of the possible variables including, for
example, the components of a scene, the arrangement of the components
within a scene, the sequence or ordering of the scene, the perspective

or the angle of view, the pace or the frequency of events, and the clarity
with which the real world is portrayed, an impossible number of si:dies
would be needed. Such a research effort would be unreasonable in view

of the expense involved in motion pictures and television productions.,

As a result, many of the decisions made by rroducers about the inclusion
and manipulation of various variables have heen, of necessity, sctbjiectiv:.
The development of these programs is seldom atheoretical since most pro-
ducers have an assumed, but often unstated, theory. Most of these
theories, however, are untested.

In the proposal for this research the state of the art of television
was recognized:

It would seem reasonable to suppese that advances in our kncw-
ledge of the device (television), its uses, and its users,

12
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would have Kept pace with its rapid develcpment, tut this is
far from the case. More than a decade of wide-spread =nd
well-financed research activities has yielded little cdefinite
inform=tion.

Cbviously a great deal of basiec, descriptive work remains to
be done in order to lay the fowndation for the more theoret-
ical and hypothetical research vhich will ultimately follow.,
Such studies need to be undertaken in a variety of areas
begirning with the single perception of the image on the
television screen and ranging to complex interpretations
hinging upon personal and social factors.

In view of these difficulties, and in order to narrow the variables
to some meaningful number, it wus decided that perhaps the most fruitful
research would be of subjects! eye movements while they viewed educational
television or motion pictures,

Eye movements present an unusual opportunity for finding out the
reactions of viewers to a visual stimldus, They give information on
where the subject is looking, how long he lcoks at a particular area,
how often he looks at particular objects and the types of movements he
makes. Carpenter has postulated a theory in which a person's thoughts
tend to be shown in certain small muscle movements. His theory sugpests
that some types of eye movements may be indicators of the subJject's
immediate response to a visual display. This reaction is different from
giving the subject a printed test or asking him in an interview what he
has learned from the stimulus. Subjective reporting has been shown to
be difficult to use in determining the visual scanning patterns of the
individual. The reason for this is that information entering through
the visual perceptual system is extensively filtered and processed before
reaching the higher centers. This selective mechanism has been demon-
strated by Llewellyn-Thomas*® in studies of people performing tasks such
as driving automobiles or landing aircraft. These individuals made many
eye movements and fixations which they could not remember and did not
realize they had made, but upon vwhich they had based their motor responses.

Quoting from the proposal for the pilot study which proceded this
investigation, an analogy with reading was used to show the jossible
value of eye movement studies,

It seems recasonsble Lo suppose that studies of eye movements,
similar to those conducted in the area of reading, would
reveal facts leading to a better understanding of how reople
view television. An early finding of the reading studies was
that eves do not move in a conlinuous sweep from left to right
across the page when the person is reading reguolar type, but
rather rove in a series of quick, short roverments and fixation
pauses. This fact threw light on the way that veople read

14



and led to a rercluticnary change in methods of teaching
reading.

Thus the investigators early postulated that eye-movement studies in
television might be as fruitful as the eye-moverent studies in rcading.
Although the analysis of the data from the pilot study was noi corpleted
when the proposal for this research was written, the preliminary findirgs
from the pilot study appeared to support that assertion,

The data films from the pilot study were of rather poor qualiiy
because of technological difficulties; however, the films were informa-
tive and suggestive, In that study®* the 1'ilms were analyzed by hand
on a slow-speed projector and a single-frame film viewer. Viewings of
the data by means of the slow-speed projector revealed that there wes a
marked "clustering" of the eye marker,* 1t was quite striking how
strongly the eye markers were concentrated in a few well-defined areas.
A descriptive analysis was made of the objects observed by the svbjects
and the duration of each cbservation in order to describe the attention

value of the visual stimuli. Such distributions revealed what may
I- operationally be regarded as the center or centers of attention of the
scene. Thne total length cof time that the eye marker appeared in each
area, as well as the numter of times it entered the area, were recorded.
Only one educational teleiesson (a discussion and demonstration of
health habits by a narratn:r and a fast-piced sequence appended to it)
was used &s the stimulus muterial.

In that study when a rarrator was jrescnt there was a definite tend-
ency for the subjects to focus on his f.ce. [he narrator's hands when
- holding an object and areas liscutsel I/ the narator were also compelling,
Since many educational teleleszors are Jased upon n classroom teaching
situation with a narrator iresent, it wis decided that it would be impor-
tant in this study to determine if a narrztor in ancther situation would
attract the same attention.

In addition to the findings with regard t¢ the "clustering' of the
eye marker, other types of phenomens werc obsersed. When the fast.paced
sequence was shown, most subjects attempted to rollew the roving cbjects
when they first appeared on the screen. Thelr initial tendenc. to loox
around at the objects was soon replaced by a central fixation; that is,
the subjects selected « point near the center of the screen and continued
to focus approximately on that peint. It ajjeared that following the
highly dynamic scene was such a demanding lask that perhaps instead of
fixating centrally, the viewer attempted to utilize jeripheral vision in
v ecping abreast of events in the visual riell. lowever, on questioning

»The eve marker is the imye of a snall syt of 1light superirjposed over
the part of the stimulus material at which ¢ o0 loct is lookings It
. is forred by a light beanm reflectel ficr Lo oot o of the sublect,
which roves as the subject's eycs meve.

I 3
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the subjects after the yresentation ey did ncet recall the specifics

of vhat was in “h2 visual field. "tus, the Lenavior appeared not to be
a mcthed of coping wi*h, but simgls a surrenler or withdrawal from, an

ivr« ssible tacsk,

The term "blooning"™ was used to characterize another phenomenon in
the eye movement repcrses of the children. The marker, always sharp and
clear after initial calibration, enlarged and diffused temporarily at
later times in the viewing. Some of these distortions may be accounted
for by helmet slippage caused by excessive head movements, but others
were clearly and distinctly the product of movements or translations of
the eye back and forth in its orbit, Preliminary observations, including
a simulation of the effect by some of the rroject staff members, indi-
cated at least two possible sources of the phenomenon; i.e., (1) flagging
attention and (2) aural-visual conflict as the subject strained to hear
what was being said at the expense of seeing the display. The research
staff thought it conceivable that this phernomenon, when better under-
stood, might be utilized as an attention index, the application of which
is apparent.

Observation of the film records also revealed differences in the
viewing patterns of high- and low-intelligence chidren. The low-
intelligerce subjects spent a significant proportion of the time off-
screen ertirely. The eye-movement patterns of high-intelligence subjects
appeared to be characterized by a high frequency of movements, sharp and
saccadic in nature, The low-intelligence subjects were characterized by
slow "sliding" movements rather than saccadic responses.

The objectives stated 4n the proposal for this research project were
based in large part upon these preliminary findings from the pilot study.
In gene.,al, the objectives were (1) to extend the study to a wider sample
of television content and to a wider age sample in order to determine
the effects of the stimulus and maturity on eye-movement patterns, and
(2) to refine and test the hypotheses suggested by the pilot data,
specifically theose dealing with intelligence differences, "blooming,"
"vurrenider,” and such other pattern variables which might still emerge
as data analysis of the pilot study was completed.

From these objectives, several questions served as the foci for the
study. Pepresentative of these questions were the following: (1) Are
there differences in the ere-movement patterns of children of different
maturity levels in terms of the objects that attract or distyract them
a~nd in terms of the "standard" eye-movement measures (ec.g., fixation,
frequecy, inter-fixation distance, and pause duration)? (2) Are there
djfferences in eye-movement responses to verying types of stimalus
material, cpecifically to four different types of filrms? ani (3) Do the
"™louming”' and "surrender” phenormena cbservel in the pilot data - ear
in the ncow data?

Experience as well ss metholoulogical difficulties resultel in a
modification of the conceptual framework by the time of Jata enalycls,
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The major changes that occurred included a refinement of the eye-movement
indices based upon the data analysis fram the pilot study, a refinement
of the stimuli in terms of variable classification for each scene within
a film, and the elimination of the "blooming" phenomenon from considera-
tior in the study,

HOW THE PROBLEM CHANGED
Types of Eye Movements

Shortly after the proposal had been submitted to the United
States Office of Education, the project staff campleted an additional
analysis of the data from the pilot study. The analysis was accamplished
by means of a single-frame viewer which required tedious plotting of the
distance the subjects' eye markers moved from frame to frame. Only a
few scenes could be analyzed on a few subjects because of the time-
consuming task of plotting the data. Each scene took many weeks of
plotting; however, this part of the data analysis was extremely reveal-
ing. In the past, in educational studies of the eye movements of chil-
dren (usually while they were reading) the results had been reported in
terms of fixations and saccades. Luring a fixation, the eye is stopped
on same point of the stimulus field while during a saccade the eyes are
moving sharply from point to point, Most of the eye-movement indices
reported in these educational studies were geared arcund these two
indices, particularly the fixation; c¢.g., fixation duration, interfixa-
tion distance, saccades, and regressions {saccades backwards)., Since
the reporting of these indices had been so predaminant in the educational
and psychological literature, it had been anticipated that only these
types of movements would be found in the pilot study. It became evident
from the analysis of the data, however, that indices based on the "stand-
ard” fixation concept would be inadequate. All of the observable data
could not be classified as either fixations or saccades. Rather, an
appreciable number of the eye movements fell between these two extremes
and represented various intervals along a continuum of movement. The
lower extreme of this continuum, analogous to the fixation of other re-
searchers, was termed No Observable Movements (NOMS) since it was assumed
that physiological nystagmic-type movements would have been observed had
the project staff used even finer instrumentation. At the other extreme
of the continuum was the saccade--the same type of movement as was ob-
served by other researchers. Between these two extremes were observed
three types of movements. The smallest of these was so small that it
was barely perceptible through the use of a single-frame viewer. liad
the researchers been satisfied simply to use a slow-speed projector and
note where the subjects looked, they would not have ocbserved this move-
ment. It was only after several successive frames had been extrdined on
the single-frame viewer that the analyst could ascertain that ore of
these movements had occurred. On then going back and rechecking frame
by frame, it was evident that the position of the eye marker had ob-
servably changed between two successive frames, and that the distance
between positions was usually much less than the diameter of the eye
marker (approximstely 1 degree). These movements were termed Minimove-
ments (MINS) by the project staff. It is important to note that the
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MINS were different from nystagmic-type movements in terms of velocity
and range. The MINS ranged from a total of 15° of arc to around 30° of
arc over several frames. Also, they did not appear to be random in
nat.re and thus probably did not result from instability in the neuro-
motor system. Rather, they appeared to be related to the . timulus field,
It seemed that the Minimovements were used to track outlines or

contours of displayed objects, The reliability of the Mackworth camera,
however, is about 1° and did not allow a precise statement to that effect.
The Minimovements occurrcd on static as well as dynamic fields,

Another movement was similar to the eye movements rerorted in
studies of visual pursuit of a moving point. As reported in these
studies, the eyes move at a rather constant rate with slow velocities of
the stimulus, and as the stimulus velocity is increased, the eye move-
ments begin to alternate with saccades until, at high velocities, the
eyes follow the stimulus i'olely by saccades. It was not anticipated
that eye movements of the same descriptive nature as the pursuit move-
ments would occur except where objects were moving through the field.
However, movements similar to these pursuit movements (termed by the
project staff "small slides™) did occur at other points on the stimulus
field when a moving object was not present. They also occurred when
moving stimuli were present, but not as often as might be expected.
Similar types of movements, but of a faster velocity and covering a
greater distance, were termed "large slides".

In review, the eye movements that were observed in the pilot
study, along with their definitions, are presented below. It should be
noted here that the diameter of the eye marker was used as the opera-
tionel unit of extent. This diameter corresponds to about 1° of visual
arc,

1. Mo Observable Movements (li0MS). 1In operational terms, the
position of the eye marker did not observably change between
two successive frames., It is assumed that this index
includes most of the drifts, small tremors, and physioclog-
ical nystagmus noted by researchers in such fields as
electrical engineering and opthalmology.

2. Minimovements (MINS). The position of the eye marker has
observably changed between two successive frames, the
distance between positions being less than the diameter of
the ey marker and ranging from 15' to 30' of arc.

3. Slices (large and small). The position of the eye marker
has observably changed between three successive frames and
the distance between the first and second positions, and
the secend and third positions is each grenater than the
diarmeter of the eye marker.,
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C The positicn of the cye marker has observably
chznged between two successive frames, the distance

between positions being greater than the diameter of the
eye marker, but the distance tiraversed by the eye marker

vefore and after this event being less than the diame er of
the eye morker,

The observation of these various eye movements, several of which
were different from the ones reported in studies of reading, still pic-
{.»es, and motion pictures, prompted the staff to search even further in
tue literature in other fields. It was found that researchers in fields
suth as opthalmology, optometry, medical electronics, electrical engi-
n2ering, and aviation medicine, have also reported eye movements that fall
into categories other than fixations and saccades. These categorles are
varlcwuly listed by several scientists including Alpern,? Yarbus,®°
Young,“’ and others, One of the most complete categorizations of the
tyres of eye movements has been presented by Laurence Young.?’ A swmary
of 1he eye movements he lists which are relevant to this study follows:

1. HNystegrus., A large class of eye movements of an unstable
nature. Among the most common types are optokinetic,
vestibular, and spontaneous nysiegmus. Optokinetic nys-
tagrmus occurs when a visual field is moved continuously
past an observer. The eyes move with the field and
rapidly return to a central position in a movement of a
saccadic nature and continue their smooth travel in the
direction of the motion of the field. Vestibular nys-
tagmus is a combination of compensatory movements, oppo-
site to the acceleration, and returning saccades. Spon-
taneous nystagrus may be a sign of oculanotor, vestibular,
or nervous disorder.

2, PRolling or torsional movements. Movements of the eye about
the line of gaze which are involuntary and compensatory
in nature,

3. Yiniature rioverents. NMovements of less than 1° in empli-
tude which arc obcerved during the fixaticn of a staticnary
object. Drift, flick, and tiemor are associated with these
moverients,

L., Pursuit movements., Slow tracking movements of 1° to 30°
Ter second with which individuals follow a slowly-moving
object. According to Young, these movements cannot be
executed in the absence of a roving object.

5. Saccedic or fast eye movements., Little jumps by which the
pelson voluntarily roves hls eyes conjugately trom one
reint 1o ancther. They may be larger than 50° and are
usually 120 to 250 msec in reaction time, The velocity
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may be as hich as C00° per second for very large exciu-
sions and cuch moverent is terminated bty rapid deceler-
ation.

These last three catsgeries of Young's list are guite similsar te the
mininmoverents, slides, ond saceades reported in the pilot study,

Perhaps one of the reasons that most educational research:rs
who studied eye-movement responses to reading have not reported indices
other than fixations and saccades is that subjects reading printed
materials may have used no other eye movements. It is more likely,
however, that the type of instrumentation used for reading out the data
in those studies has caused the researchers to overlook movements that
vwere actually there. The data produced by their instrumentation was
often in the form of line graphs where small movements were not so evi-
dent. A change of & few seconds of arc in moverent might not have been
noticed under those circumstances. The apparatus used in the pilot study
w  the Mackworth Camera which produces the eye marker superimposed over
the stimulus material. Thus, even miniature moverments of the eye merker
could be noticed by looking at the marker in reference to the stimulus
underneath it,

One important purpose of the present investigation was to ver-
ify the presence of tle various eye movements on a much larger seauple
with a more refined r.ed-out. The read-out system used for gprecisely not-
ing the position from frame to frame 1s explained in the Chapter on
Procedures. This read-out allowed the staff to observe any rovement
larger than 3 minutes of src that took place, anl tc determine if there
vere data that fell into specific intervals snd if these intervals coin-
cided with the date from Young's sbudy &nd with the pilot stuiy.

The data from the pilot study were obtained by an observer's
"eyeballing" the eye rinrker from frame to framec and measuring the dis-
tance of any movement.. The data read.out in the present investigation
involved computer rerd-out on & much finer grid. Thus distence and velo-
city would bhe measurel with greater precision. Even though the iwo
studies differed in nethodology, an aprroximation of the findings from
the first study should be possible,

Eye Moverentls and lLearning

One reason that it appeared relevant o verify the existence
of the types of vyc myierents was the possibility that the mivements
night be related to .2 individual's recall of the stimulus riresentel.
Although ro relationchip was found betwcen the measuvre of recall of the
stimilus material snd the eye movements in the first study, the jrinecipad
iuvestigators reasoned that jerhaps the tije of test crmstrictie? was
responsible. The test deve:ored for that study consiated of w true-
false instrument based upon an integration of tie mowledge the subject
gained from both the visual and auditory portions of the film. ZSubjects’
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responses to a few items on the post-test for the pilot study indicated
that wnen the visual and auditory pertions of the film were contradic-
tory, the subjects tended to remember the visual instead of the auditory
portion of the telelesson. Therefore, it is possible that rec)l of the
visual portion of the telelesson should have been measured s:pivziely
and the relaticnsnip of this recall to the subjects'! eye movenentse tested.
Thus in this study, an attempt was made to construct a better neasuring
device through two tests--one a measure of the visual recognition awd
the other a measure of the visual and auditory recall combined, It w=os
thought that if some link could be established with recall later studies
could delve into the different types of learning and thinking as they
relate to eye movements.

Reinforcement during learning has becn shown .o affect where
the subject looks. Studies by Nunnally and others®® have shown that the
mean time spent looking at a rewarded stimulus was significantly greater
than that for other figures. Some investigators have also reported that
operant conditioning affeets where the subjects look, In addition, White
and Plum,”® in a study of trial and error learning, noted that eye move-
ments Increased in number as learning approached optimum and decreased
thereafter, Brandt? reported eye-movement data for subjects solving
geometry, algebra, spelling, and geography yproblems, He reported that
certain s.bjects had fewer fixatlions, and fewer excursion type of eye
moverents per correct solution if they were superior in achievement than
did their inferior counterparts.

ione of the above-mentioned researciicrs has investigated the
various types of eye-movement indices as they relate to learning. The
present investigators surmised that since tihe MINS end NOMS of the pilot
study were so highly related to intelligence they might also be rela’ed
to the learning of the subjecls. This was assumed because of the rela-
tionship usually found between standardized intelligence tests and learn-
ing as measured through achievement tests. Thus one purpose of the re-
search was to study the relationship of recall to th2 eye-movement indices.

Relationship of Eye Movements and Intelligence

A relationship between eye movements and intelligence has been
reported by a nurber of investigators. Anderson,® in a study of children
while they were reading, found a difference in the eye movements of good
and poor readers. However, when he partialled out the factor of intel-
ligence, the difference no longer existed. Thus, intelligence was the
contributing variable., Guba and Wolf!'* found a sizeable correlation
between some of the eye-novement indices of subjects in the pilot study
and intelligence as measured by the California Test of Mental Maturity.
They found that MINS had a correlation coefficient with total 1Q scores
on that test of -.70, significant at the .0l level, and that LOVS
correlated .61 with the same test, significant at the .05 level.
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A major purrose of the present research was to attempt to
verify this finding by including a sample with scbjects of high, middle,
and low intelligence levels and to test the differences in their eye-
movement indices. 3ince children with intelligence as low as those
found in the pilot sample of fourth graders had dropped ¢at of school by
the time of the grade levels used for this study (junior and senior high
school), the sample was, of necessity, restricted to children with IQ scores
ranging from 90 to 140. This was expected to influence the findings of
the study since mrny of the major differences noticed in the first study
vere between high- and low-1IQ subjects when the low-IQ subjects had
scores in the 70's. However, it was felt that the testing of differences,
even between groups usually considered average and above average on a
normal curve, should give some indication as to vhether intelligence is
a factor Influencing the eye-movement indices of subjects, A further
purpose was to determine if the intelligence level of the children influ-
enced where they looked.

Maturation and Its Relationship to Eye Movements

Maturation has also been shown in some studies to be a factor
related to the eye-movement patterns of subjects. Studies which have been
the most definitive in presenting information on this variable are those
in tne field of reading by Buswell,® E, Taylor,®* S, Taylor,®? and
Gilvert,13 Taylor's study in 1959 was the most comprehensive., He and
other investigators from participating colleges made a naticnal survey
to c¢ollect normative data on children., 1In the report of his study,
Taylor points out that considering fixations and span of recognition
together, fixations have decreased S0% by grade 2.5, 754 by grade 5.5,
and 907 by grade 9. The change in regressions lags approximately one
year behind fixations in that a 50% decrease has occurred by grade 3.4,
75% by 6.2, and 9% by 10,4, Unlike fixations and regressions, a 50%
decrease in duration has occurred by grade 2.7 but it remains constant
at 55% between graies 4,5 and 8.5, Seventy-five percent of the change
has taken place by grade 10 and 90% by grade 12.8, Buswell has stated
that the eyes are fairly well stabilized by the age of 10, Thus few
differences might be expected after that tine, However, Taylor's data
indicale sane differences ut the upper grade levels, although in his
studies most of the changes in eye patierns had occurred before the
Junior high school., MHis findings show that from first grade through
college there is a change in cye-movemen{ patterns :nd that in the upper
grades there are fouwer fixations, fewer regressions, and shorter pause
duration. One purpcse of the rresent study was to determine if eye move-
ment differences occur among subjects at different ag? levels while they
view the stimulus fields of motion pictures and television. These fields
are Quite different from reading., The analysis would include not only
the differences in tyjes of indices but also differences in where the
subjects look, such analyses should help jroducers to delermine what,
if any, adjustments are nreded for age-level differznces.
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Stimulus Jarizbles as They Influence Eye lovements

What one encoun:ers, in a psychological sense, is depenieunt

first upon the procabiliity of physiological contact and secord uron t.e

robebility of Jetecting what is contacted. The probability of Paysic-
fogical contect s dependent, in large part, upon the physical characcov-
istics of the stimulus. It has been reported in various types of visuveal
search that some areas or obJects of the stimulus are virtually ignores
while others receive a large amount of eye fixations {Enoch,!© Guua and
Wolf,'* Mackworth and Morandi,'® and Tuddenham and Calvertze) When the
individual attends to his visual world, he {ends to orient his eyes in
the direction of his center of attention. While attention is not syn-
onymous with visual orientation, since it is an inner state of the crgsn-
ism (a state of cognition), it can be assumed that when the organism is
attending to his visual world, the center of visual orientation cculd Te
used as an indicetor of the focus of attention.

One obJective stated in the research proposal was to determin~
how different types of films might affect the eye movements of chilirer.
During the course of the study, research by other investigators and ex-
perience of the present investigators led to a classification of the
scenes on the besis of various variables. The differences in eye move-
ments between such scenes were then tested for significance.

What stimulus variables influence visual orientation? Various
investigators have shown that certain properties of the stimulus have
immense importance in attracting the eye fixations of the subject.
Stimulus complexit¥ and novelty are two such properties (Berlyne 3,4
faw and Nunnally,} Mackworth and Morandi,® and Mcorey,2°). Accorling
to these researchers, subjects spend more time looking at the more com-
plex and more rovel stimulus of a pair. In_another :study supporting the
importance of complexity, Zusne and Michels™ have :1so shown that angu-
lar complexities in polygon shapes attract more fixairions than do straight
l1ines. It should be noted that complexity attracts more eye fixations
only up to a point. When the stimulus becomes -xtrem:ly complexz the
subjects may tend to avoid ihe stimulus or to fixate Lertrally

Among the other factors which appear, fror. the literature, to
influence the probability of visual contact are motion state, Ey17,c8,20
size,®11C and position with respect to the individus1.,”+7 Other factors
related to the contrast of the stimulus with its surrourdings are ulso
important. In the pilot study no significant differences were found
hetween subjects! eye movements on static and dynamic scenes, but the
c-enes were cor.ared from cnly one telelesscn which had a minimm ano.nt

vi rovement.
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Most of the studi»s cn variables affecting eye patterns have
uscd reading materials, stil. pictures, or simple fields such as a single
lighs source as the stimulu.  These fierds differ ‘rom wo'.ion pictures
and television in that the latter two {ieids are .10: e complex and know-
lecge about any single variarle by itsclt does not _ise information about
the variable in relation to ihe highly ccaplex field In this study,
the field was purposefully 1.-ft unstructured so that eye-movement
responses of subjects in a n:turalistic setting cculil be evaluated.

Thus it was not the purpose of this study to obtair nighly specific and
controlled data on only one stimulus variable, Because of the numerous
variables to be considered, a: well as the exrense of constructing
motion pictures and televisicn lessons, it was uecidea that a more fruit-
ful study would be one in which an attempt was made to determine which
variables need to be researched. Later the nature of each variable

could be verified through a controlled study. Tnis research was explora-
tory in nature, with the control coming from sorting out the scenes so
that they were as carefully defined as possible as to the variables con-
tained within them. In this way, scenes which were similar could be
categorized and their influence on eye movements compared.

Of the variables mentioned here, it was possible to include
complexity, novelty, and motion state, The other factors could not be
included because of thelr variability within a film. 1In addition, cer-
tain other factors which various educators have indicated to be important
were included, as well as those variables which uppeared to influence
visual orientation in the pilot study. The veariables on which the scenes
were categorized are presented below with their definitions.

l. Motion State. Static--having no movement within the scene.
Dynamic--having movement within the scene.

2. Complexity. Simple--haviug single elements or single
elements added to a simple scene pre-
viously presented.

Complex--having numerous elements,

3. lovelty. Familiar--previously present in a scene or
an object cormmonly seen in the environ-
ment. Generally assumed to be recogaiz-
able in a brief glance by most individuals.

Novel--an object unfemiliar because it is
corrionly seen in the environment and has
not been presented earlier in the film.
Generally assumed to require close study
for identification.

L, One Type of Reversal--foreground apjears to be moving
Hovement., but actually the background is moving.
lo-reversal--foreground is rmoving,

12
ERIC 23

——— - - Py - - . - S,



O

Aruitoxt provided by Eic:

ERIC

5. Clarity. Clear--all obJjects are in sharp focus,
Unclear--some or all objects are hazy and
fuzzy in appearance,

6. Number of Unicenter--having a single conceptual center
Attention to which visual attention is directed.
Centers. Multicenter--having several conceptual centers.

7. Ambiguity of Ambiguous~--visuals having possible multiple
Meaning. meanings.

Unambiguous--visuals having a single meaning.

8. Unity of Distractive--has several objects which are
Flements. not central to the purpose of the scene,

Integrative--only relevant components are
included.

9, Arousal
Character~ Tranquil--scene has only a small amount of

istics. movement of the objects and the audlo is
presented through a normal pitched voice,
Arousal--scene has a great amount of move-
ment of numerous objects and the audio is
raised high in pitch and frequency.

In addition, some scenes were classified as to the Lype of audio used.
The audio was classified as (1) not related to the stimulus, (2) related
to the stimulus with direct reference such as "this wing" with the nar-
rator pointing, and (3) related to the stimulus with indirect reference
such as "A line runs from the front to the back of th~ aircraft."

It was hypothesized that any change of the visuals might in-
volve a change in the eye-movement indices or patterns of viewing. The
visual orientation may be accounted for by considering a large number
of interacting stimulus, and subject, variables. One purpose of this
research was to attempt to sort out those stimulus variables which make
a difference in the eye-riovement indices and patterns of viewing.
Specific purposes with regard to the stimulus variables were (1) to de-
termine the differences in the eye-movement indices of subjects for
scenes with different types of classifications, and (2) to determine
where subjects 1ook when scenes with different classifications are pre-
sented.

CHANGES DUE TO METHODOLOGICAL DIFFICULTIES

Before analysis of the data could be undertaken, it was nccessary
to transfer the data from film to computer tare. 1In order to yperforn
this function and since this yroject was begun at a time when the 'nited
States Office of Education was not authorised ro finance equipment for
projects, a commercial firm was hired to perform the data read-out., A
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specification from the firm was that the eye marker had to be 25} brighter
than the stimulus film. In order to meet these specifications, modifi-
cations to the experimental system were necessary to btoost the brightness
of the eye marker. This requirement eliminated the possibility of test-
ing one of the hypotheses posed as a result of the pilot study; i.e.,
that of the "blooming" of the eye marker. Any time "blooming" occurred,
the eye marker became larger and more diffuse and thus the specification
of brightness could not be met. As a result, it became necessary to
electronically control the eye marker brightness, This eliminated the
possibility of checking the "natural blooming" of the marker since the
element of diffuseness, in addition to size, was necessary to identify
wh2ni this phenomenon occurred. Most eye markers change in size at some
time during the viewing, depending upon the location of the marker in

the stimulus field; for example, those markers toward the periphery of
the field were a different size than those toward the center. When the
"vlooming" phenomenon occurred, however, the marker not only enlarged,
but it also became gquite diffuse. The electronic changes to meet the
read-out specifications eliminated this diffuseness and, therefore, the
"blooming'" phenomenon was eliminated from consideration in the present

£ t\ldy .

PURPOSES

After the changes in the study, the purposes of the project were as
follows:

1, To verify whether 2 continuum of eye novements exists for
subjects viewinz dynamic bi-dimensional fields.

2. To determine whether there are significant differences in
the eye-movement indices of subjects of different age and
intelligence levels to varying stimulus materials.

3. To determine whether recall ¢f the stimulus materials is
related to the eye-movement indices.

4, To determine whether there are significant differences in
subjects? eye-movement indices between scenes with differ-
ent variable classification.

5. To determine where the subjects look on the various
scenes; i.e,, which objects receive their "attention."

N

. To determine whether various scene variable:s such as
novelty, complexity, and motion state affect where the
subjects look,.

7. To determine whether subject characteristics (including
age and intelligence) influence where the subjects look.

1h
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Specific questions asked were as follows:

1‘

5.

What types of eye-movement indices are observed in the
data? 1Is there a continuum of movement or do the indices
fall into the fixations and saccades often renorted in
the literature by other educational researchers?

Are there differences in the eye-movement indices of sub-
jects of varying age and intelligence levels across all
stimulus materials?

Is there a relationship between the subjects® recall of
the stimulus materials and the eye-movement indices they
display? If so, which eye-movement indices are related
to recall?

Are there differences in the eye-movement indices for
different stimulus films; specifically, for the follow-

ing four types: (1) educational films which depend

heavily on a visual presentation in which & lecturer or
narrator is rarely visible; (2) educational presentations
which depend heavily on a narrator or lecturer; (3) a
general presentation with a fast-paced sequence and
visuals of many different types; and (4) a coomercial
presentation in which the emphasis is on selling a product?

Are there differences in the eye-movement indices between
scenes with different variable classification?

What elements of the scenes influence the subjects!
"attention"?

a. Do the type and number of objects affect the pattern
of viewing?

b. Is movement & factor influencing this "attention"?

¢+« Is the audio a factor influencing where the subjects
look?

d. Wwhat other characteristics of the scenes affect wher:?
the subjects look?
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CHAPTER II
PROCEDURES

OVERVIEW OF THE EXPERIMENTAL SESSIONS

DTecause of the delay in the beginning of the data collection phase
of the experiment, it was necessary to run experimental scssions during
the students' summer vaca'ion. This caused slight attrition to the
pool of available subjects. Appointments were made with each subject
at his convenience. Each subject was picked up at his home and trans-
ported to the laboratory by staff persommel. En route the subject was
shown a picture of the experimental apparatus and Instructed as follows:

We are interested in studying television, especially the kind
of television shown in schools. You will be watching an educa-
tional television lesson. We are studying what you see and to
find this out we will take a picture of your eye. Naturally,
this is a difficult thing to do and in order to do it you will
be wearing a helmet with a special camera on top.

Here is a picturc of a boy wearing the helmet we use in this
experiment. We will show you the helmet and how it works when
we get to the University. The camera sees your eye through
that tube called a periscope. You will notice that the boy in
the plcture has something in his mouth. It is called a mouth-
plece, and that particular one was made just for him. The
reason you need a mouthpiece is so that the camera on the hel-
met doesn't jiggle around. As soon as we get to the laboratory
we will make a mouthpiece for you.

Metal mouthpieces covered with dental compound had been made in
advance. As soon as the subject had entered the laboratory and had been
introduced to the staff personnel, he was assigned an experimental number
and his dental imjression was taken. While his mouthpiece was being
cooled and trimmed, the subject was acquainted with the apparatus. He
was shown the television set and allowed to handle the helmet and sit in
the experimental chair with the helmet resting on his head while the
recalidration motors were demonstrated.

The mouthpiece was then attached to the helmet and the helme’ fitted
to the subject. The eye marker was found, focused, and calibrated on a
small dot placed in the center of the television screen. The follecwirng
instructions were then given to the subject:

Now we are ready for the television presentation which will
last about 20 minutes, You will see some short programs of
an educational nature and maybe even a commercial. We are
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on closed-loop TV, which means that this program is being sent
from near here on the University campus., We have asked the TV
ctation to interrupt the program 7 times so that we can photo-
graph your eye. Uhile we are taking that picture you 11ill see
a small circle with b lines ont from it right in the m:ddle of
the TV screen. Ve want you to look right at the circle and
concentrate on the center of it. Vhen the circle is gone from
the screen, and for the rest of the time, we want you Lo watch
the presentation just as you would one at school. We want you
to relax and enjoy it, but we want you to pay attention too,
I'1l turn the set on now and let you watch the program.

¥hen the experimenter turned on the IV set a small light went on in
the control room indicating to the controller to start the video tape
recorder., The experimenter then sat qQuietly in the experimental room
during the session in order 10 make any corrections or modifications
directed by the controller via the intercom.

Two persons, one the controller and the other an observer, remained
in the control room throughout the session. The controller continuously
monitored the eye marker and made adiustments in addition to performing
the recalibrations by remote control when fixation targets were displayed
on the screen. Recording of data with a motion picture camera (operating
at 24 frames per seccnd) was begun at the second recalibration target
inserted into the stimulus material and was terminated after (00 feet of
film had been exposed.

After the television presentation, the tester established rapport
with the subject, escorted him to an adjacent office, and administered
the two post-session tests. FEach set of test instructions was read to
the subject just before he was given that particular test. Upon com-
prleting the post-tests, the sudbject was driven back to his home by staff
personnel, The entire experimental session required one to one and one-
half hours.

SAMPLE

A convenience sample of subjects had been celectel from students
enrclled in grades ¢, 8, and 11 of the Columbus, Chic. public schools,
A1l students in ire entirec grade level at an elementar: school, a junior
high school and a senior high school formed the criginal candidate popu-
lation. On the basis of school receords, the subjects were screened to
eliminate those who wore glasses, had defective hearing, or exhibited
some other physical or behavioral anomaly which would interfere with
data collection. Gubjects whose ages were riore than four ronths above
or below the mean of their age-grade group were initially relected,
although age ranges had to be slightly extended later. lLetters were
sent to parents of each child requesting permission for their child to
particirate in the study (Arpendix A). On the basis of Menmon-Nelson
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1Q tests administered and furnished by the schools, subjects were then
grouped as follows: 85-99, the lower IQ group; 105-114, the middle Ig
grovp; and 120-140, the upper IQ group.

With the cooperation of professional assistants from The Ohio
State University School of Optometry, a comprehensive eye examination
was administered to each candidate. The measures taken included visual
acuity, retinoscopy, phoria, ophthaloscopy, and stereopsis. A sample
of che optometric examination sheet is presented in Appendix B. Those
candidates failing to meet minimal visual requirements for good, un-
corrected vision or falling more than one standard deviation from the
norm for specific measures were rejected frum use in the sample. The
experimental design consisted of three grade levels with three IQ groups
in each level. A total of 54 subjects were required to provide six
subjects in each of nine cells. To allow for attrition, a pool of 9 to
12 available subjects per cell was established. Ultimately, 71 subjects
caupleted the experimental sessions.

Although the data films appeared excellent in quality when viewed
by the human observer, the read-out agency found they could not handle
many of them. Officlals of the agency had been shown sample films prior
to the experimental sessions and had indicated that reading the films
would create no difficulties. However, the natural varying brightness
of both the eye marker and the stimulus background from frame to frame
in the data films did present a great problem for the electronic film
reader. This problem will be explained in the data transcription section
of this chapter. The initial sample requirement of 54 subjects was ex-
tended to 71 in an attempt to obtain the type of film that could be tran-
scribed. From this group of data films, the 54 which afforded the best
read-out possibilities were selected and sent to the agency. Eventually,
because of the electronic difficulties, only 26 subjects comprised the
sample. The total number of frames involved in the sample for read-out
and data analysis was 18,600 frames for each subject multiplied by 26
for the number of subjects or a total of 483,600 frames involved {n the
total data sample.

The mean scores on age and intelligence of subjects in the final
sample did not differ substantially from the initial sample for this
study, as can be seen in the following tables. The project staff wanted
to include children with much lower IQ's than those in the lower 1Q group;
however, this was an impossibility since children with intelligence
scores as low as those found in the pilot study (scores in the low 70's)
had dropped out of school by the junior high school level.
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Table I - Mean Ages for Each Group in the Initial Sample

Intelligence Levels

Grade Level Upper Middle Lower
6 11 yrs, 7.4 mos 11 yrs, 8.9 mos 11 yrs, 10.3 mos
8 13 yrs, 7.5 mos 13 yrs, 6,6 mos 13 yrs, 6.8 mos
11 16 yrs, 8.8 mos 16 yrs, 7.5 mos 16 yrs, 7.9 mos

Table JI - Mean Ages for Each Group in the Final Sample

Intellig=erice Levels

Grade Level Upper Mildle Lower
6 11 yrs, 7.8 mos 11 yrs, 9.1 mos 12 yrs, 1.2 mos
8 13 yrs, 4.2 mos 13 yrs, 4,7 mos 13 yrs, 5,0 mos
n 16 yrs, 7.2 mos 16 yrs, G4 mos 16 yrs, 3.9 mos
20
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Table III - Mean Intelligence Quotients for Each
Group in the Initial Sample

Intelligence Levels

Grade level Upper Middle Lower
6 126.0 108.0 95.3
8 131,0 11,1 93.5
1 132,0 109.5 94.8

Table IV - Mean Intelligence Quotients for
Each Group in the Final Sample

Intelligence Levels

T ey GEE) TN GE GO GEER Ty I AN A N SvEm S WERa e

Grade Level Upper Middle Lower
6 128.3 107.3 93.0
8 132,0 108,7 9.0
1 125.0 110.0 ol ,7
21



CRITERION DATA

Two types of criterion data were obtained; i.e., scores on the sub-
Jects! recall of the stimulus films and scores on intelligence, Special
tests were constructed to measure the subjects' recall ard understanding
of the stimulus; however, the intelligence test scores were obtained
from school records,

Post-Tests

Tvo tests were constructed to measure the subjects' recall of
the stimulus films. One of the post-tests measured the subjects' recog-
nition o1 the visual portion of the stimulus. This test was entitled
Visual Recognition (VR) and consisted of 21 plates, the plates containin:
from two to four drawings each. For each plate, the subject was asked
to select the drawing which was the mest 1ike some scene he had seen in
the television presentation. The second test, entitled Visual and Audi-
tory Recall (VAR) consisted of 33 true-false items and emphasized under-
standing as well as recall based upon an integration of the visual and
auditory portions of the films. The two tests represent the content for
the three films Weather, Piloting, and Water. The commercial was excluded
from consideration on this portion of the research.

Representative plates from the VR test and sample items from
the VAR test are included in Appendix C. The instructions given to the
subjects prior to administration of each test are also presented in that
appendix.

The reliabilities of the two tests are shown below. They were
obtained by using a split-halves technique for determining reliability
and the Spearman-Brown prophecy formula for estimating the reliability
of a whole test from that of its halves.

Spearman Brewn Prophecy

Yearson Product Moment Formula Correction
VR 0.8 0.8
VAR 0.72 0.84

These reliabilitles were considered satisfactory by the project staff
3ince the tests developed were diffecrent from others available and thus
10 other tests could serve as models.

In order to determine the degree of agreement between the dic-
“ributions on the tests and theoretical distributions, the Kolmogorowv
fn’rnov one-sample test of goodness «f fit was applied. The D ablained
for the VR test was 0.1177 with an N of 12, and the D for the VAR tezt
vas 0.1200 with an N of 19. Both of these tests showed that the camjle
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scores were not significantly different from those of a theoretical
population {Appendix D). Frequency polyg. 'ms for these scores also
showed that were the sample larger, the distribution would teund toward
a normal curve.

Satisfactory difficulty levels were establisned for the variouc
items on the VR and VAR tests. However, the VR test wa3 more difficult
for the subjects than was the VAR test. Most of the items also discrim-
jinated fairly well between the top 25% and the bottom 25% of the sample
based on the test totals. Both the difficulty and discrimination scores
for the items are presented in Appendix E.

Subject data are given in Appendix F, The scores for each of
the 26 subjects on the VR and VAR show that the range of scores on the
VR test was from 7 to 18 from a potential 21, The mean for this test
was 12.6 and the standard deviation 3.0. On the VAR test the range of
scores was from 16 to 33. Only one subject obtained 33. This perfect
score indicates that the ceiling for the test was not high enough. A
mean of 24.2 and a standard deviation of 4.5 also show that the test vi
fairly easy.

Intelligence Test

The Henmon-lelson group intelligence test was administered i
the public schools a few months prior to the experiment. Scores from
this test were obtained and used as the intelligence scores for this
research, These scores also appear in Appendix F.

STIMULUS MATERIALS

Criteria for selection of the stimulus materials for this study
were developed in large part from some of the eye-movement responses of
children viewing the pilot stimulus. Those findings and their effect n:
the criteria were as follows:

{1) Children's eye movements did not appear to be related to
the type of scene, but rather to subject characteristies.
Since the pilot stimulus was restricted in terms of con-
tent, several quite different types of films were included
as the stimulus in the present study to test this finding
on a larger scale.

(2) sSubjects often looked at the narrator's face in the
stimulus film even to the exclusion of demonstration
material. To test fur differences in presentation with
and without a narrator, two educational presentations
were included in the stimulus film for this study. In
the first jresentation, a narrator talked and demonstrated.
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The vecond film raialicled an observaticnzl situation
with the narrator completely off screen and with the
concepts presented visually with audio suppert.

(3) In a fast-paced seguence in the pilol study, the subjects
limited their eye movements to a relatively small ceatral
portion of the screen when the scene becsme dynamically
coriplex. Another fast-paced sequcnce was to be included
in this study in an attempt to replicate that finding,

An additional criterion for the selection of the stimulus was that there
should be a variety of visuals used in the various films.

Thus, the following four types of stimulus segments were selected:
(1) an educational presentation which depends heavily on an on-screen
narrator or lecturer, (2) an educational presentation which depends heavily
on visual precentations end in which a narrator is rarely or never seen,
(3) a more general nresentation with a fast-paced segquence and with
visuals of many different types, snd (4) & commercial jresentation in
which the emphasis is on selling a product., Further selection criteria
included the following: (1) the combined f*lms needed to be of a reason-
able length to avoid subject fatigue, prefirably not more than 20 minutes
based on experience from the pilot study; (2} the content should be
appropriate to the interest of all age levels of children included in the
study and should be understood by all of them; ani {3) all films, with
the exception of the commercial, should be fairly wnique, i.e., not com-
monly used in the public schools nor seen on television at home and thus
films which the subjects had not seen before.

Numerous direclors of television centers and motion picture film
centers were contacted for assistance in selecting the stimulus,
Initially, a leiter was sent to chese centers specifying the criteria
and asking for a list of potential films and kinescores. The following
centers were exemplary of the ones contacted through a Jetter cr in
person,

1, National Film Board of Canadn

2. Incycloredia Britannica Films

3, Instructional Television Library* including the National
Instructional Television Libraries in New York, Nebraska,

Massachusetts, and Michigan

i, 1he Chio State imiversity Audic Visual Cormnication
Center

¥ Later becare the lhatiocnal Center for Scheol snd College Television,
Bloomington, Indiana,
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5. Center for Mass Communications of Columbia University

G. NKational Educational Television Library
In addition, some independent producer-directors were contacted.

The rroject staff reviewed all of the suggested films and kinescop:zs
vhich appeared to meet the criteria, From among these films, the follow-

ing were selected:

1., Origins of Weather, Erncyclopedia Britannica Films, Inc.,
Chicego.

fn educational film with a narrator not visible; had won an
educational film award.

2. Piloting and Control of an Airplane, KCIS-TV, Seattle.

An educational telelesson with a visible narrator.
3, Water, Ccnter for Mass Communications, Columbia University.

A presentation with a fast-paced seguence having many types of
visuals and changes in the pace of the audio.

4. An Ajax Commercial, New York Advertising Agency.

In order to meet the criterla of length, the combined films were edited
to a total of approximately 19 minutes. The editing was done in such a
manner that it was impossible for the subjects to tell where the editing
had occurred. The stimulus film was then converted to a video tape for
vresentation on a television monitor. A scenario of the edited stimulus
film is presented in Appendix G. The scenario contains a description of
the visual components of the sceres plus the auditory cormentary.

In ocrder Lo determine if the scene variables described and defined
in the problem statement affected the eye movemerts, each scene was
classified on the variables of motion state, complexity, novelty, clarity,
mumber of attention centers, ambignity of meaning, unity of elements,
and arocusal characteristics. In addition, some scenes were classified
on the andio as follows: (1) not related to the stimulus, (2} related
to the stimulus with direct reference or (3) related to the stimulus
with indirect reference.

The classification of these scencs was made by a panel of judges
consisting of five project rmerbers. Each scene was viewed with a stop-
frame projector. The Jjudges raled each scene on a two-point scale for
eech of the variables. For example, if the scene were static, it
received a rating of "O" on the variasble of motion; it it were dynanmic,
it received a rating of "1" cn the same variable. Wwhen the rating sheets
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vere compared, any discrepancies were resolved by a review of the scene.
In cases of further disagreement, the majority ruled, Uneanimous ratings
were common for most of the variable: across scenes.

For the rurcose of correcting and recording error in the eye marker's
position, six recalibration targets of ten seconds duration were spliced
into the stimulus film, Subjects had been instructed to fixate the
recalibration target when it appeared. These targets were interspersed
at approximately two-minute intervals throughout the film and were placed
such that they interfered as 1ittle as possible with the content. For
example, several targets were placed at the beginuing of the various
films,

Tne subject's eye markers over the stimulus film were recorded onto
data film for only 1¢ of the 20 possible minutes--the first 2% and the
last 1% minutes were omitted. This was done to eliminate the parts where
the subject was adjusting to the film and where the subject might be
fatigued. Eye-movement responses to scenes numbered from 2.0l to 41.0
in the scenario (Appendix G) were selected for read-ocut asnd given to a
camercial firm. This entailed approximately 13 minutes of eye-movement
data or 18,600 frames of data for each subject.

THE CORNEAIL REFLECTION TECHNIQUE

The outer surface of the cornca approximates a jortion of a spher-
ical surface fror which light can be reflected. This spherical reflec-
tor rotates about a point (the center of rotation of the eye) which does
not coincide with its center of curvature. As a result, this corneal
reflector is displaced very slighlly as the eye rotates during eye move-
ments., This displacement of the spherical reflecting surface results in
a change of the angle of reflection of light striking the cornea,

Eye-moverment data are obtained by focusing the reflected image of
a point light source onto a recording surface. The position of this
focused, reflected image ('"eye marker™) will shift as the eye rotates,
indicating the eye moverient., The relationship between eye marker posi-
tion and the angle of rotatiun of the eye is essentially linear up to
about * 10°., A direct relationship can therefore be established between
the focused eye marker and the subject's line of sight.

THE EYE-MOVEMENT AVPARATIS

7he corneal reflection apparatus used in this study was a modifica-
tion of thal developed by Mackworth,*

*As reported in Mackworth, N, H.; llewellyn-Thamas, E.j atd Holmquist, ,.
"The Televisicn Eye Marker on a Changing Visual World," Visual Search
’

Techniques, Morris, A. and Horne, I'., eds., Washingtlon, D. C.: National
Academy of Sciences - Kational Fesearch Council Pudblications, (19.0).
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In the Mackworth Lye-Movement Camera, the point light source is attached
at the bottom of a hollow tube and positioned in front of the subject's
left eye. The light from this point source which is reflected by the
cornea is transmitted up the tube and focused onto the film plane of a
motion picture camera. This camera then records the ¢ye-movement data.

Since all of this equipment is attached to a helmet worn by the
subject, he is relatively free to move his head without affecting the
eye-movement data. That is, with the helmet securely attached to the
head the position of the apparatus in relation to the eye is not changed
by head movements and no change in the position of th: eye marker on the
recording surface results.

As described this far, the apparatus makes possible the recording
of movements of the eye in its orbit and these data are independent of
movements of the head. In order to now determine where in his environ-
ment the subject is looking, the position of the head must be taken into
account. The Mackworth apparatus accomplishes this in a simple and
direct way. A second optical system attached to the helmet is used to
obtain an image of the subject's visual field, and this image is focused
onto the recording surface along with that of the eye marker. By proper
calibration of the spparatus, the image of the eye marker can be super-
imposed onto that of the visual field in such a way that the combined
inage indicates directly what the subject is viewing. This basic system
is illustrated in Fig. 1.

Beam Splitter

_;g_o__._

Recording __—»
Surface

Mirror

/) \°<—~Poinb Light Source

Cornen

Fig. 1 - Basic Eye-Movement Apparatus
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Several major modifications were made to the helmet apparatus since
the pilot study. It is illustrated in its present form in Fig. 2. The
vidicor tube of a transistorized television camera (Dumont Laboratories)
is used as the recording surface. This makes possible extended pericds
of uninterrupted data recording, with the progress of the expt¢rimental
session observable on a television monitor. A permanent data record is
made with a motion picture camera from another monitor connected to the
vidicon camera. The adjustable downward extensions from the helmet zre
used with a bite bar to which is attached a hardened dental impression
of the subject. This secures the helmet to the head through the uprer
dental arch. The apparatus is mounted on a movable platform on top of
the helmet which can be driven in any direction by three remotely con-
trolled motors for adjustment and calibration purposes.

DATA RECOFRDING

The direct superimposition of an image of the subject's visual
field and the eye marker allows the resulting data films to be projected
for direct viewing. However, in order to facilitate the transcription of
the gdata :rom film to computer tape, the eye marker must appear apprecs.-
ably brighter than the background image of the visual field. Since the
corneal reflection light source must be kept at a low level for subject
comfort and the vidicon camera was not sensitive enough to display the
resulting eye marker with the required brightness, a suitable video amp-
lifier had to be constructed. This amplifier, designed by the Harron
Instrument Company, allowed the video signal above a variable threshold
level to be driven to saturation. During the data recording session,
the unmodified picture was observable on one monitor while a second
monitor displayed the modified picture. An oscilloscope displayed the
wuodified video signal and the variable threshold level. By adjusting
the threshold level of the video amplifler to compensate for the varying
brightness of the various stimulus sequences and occasional changcs jin
eye marker brightness, it was possible to produce a modified picture in
which the eye marker appeared as a white spot superimposed on a dimmer
image of the visual stimulus.

The modified video signal was displayed on a third monitor where it
was recorded by a 1¢ mm motion picture camera. This camera $ach -Auricon)
nodel was equipped with a special television transcription shutter to
record the television image at 24 frames per second without the appearance
of synchronization lines. The resulting data films were then transcribed
to computer tapes for further analvsis. The data vecording system is
shown in Flg. 3.
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OSCILLOSCOPE

Fig. 3 - Data Recording System

DATA TRANSCRIPTION

Figure 4 is an example of one frame from a data film, The four
outer markers delineate the stimulus area in the subject's visual field
while the eye marker superimposed over the stimulus indicates where the
subject 1s looking. Because the subject was free to move his head, the
stimulus field does not appear as a perfect rectangle on the data film,
As a result of such perspective distortions, size and chape of the stim-
ulus field on the data film are highly variable.

The first step in data transcription from film to tape is the con-
version of the image into a standard reference freme which is independent
of the subject's position with respect to the stimulus field.

To achieve the desired transformation to a standard reference sys-
tem, the corners of the stimulus field must first be identified &s they
appear on the data film., The parameters for a transformatfon equation are
calculated next. This transformation can then be applied to any point
in the originsl data film frame in order to map it into the standard
{transformed) reference system. As a result, the effects of the subject's
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Fig. 4 - Data Film Frame

(Fnlarsed from 1% mm lMotion Ficture Frame)
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head position and position of the eye marker within the stimulus field
are compensated for to yield a set of angular coordinates for the eye
marker in a standard reference system. In this reference system the
visual field of 300 by 230 units forms the coordinate system within which
eye marker position is measured in units of l/20° of arc.

After (1) the corners of the stimulus field have been sucessfully
identified and (2) the transformation equation has been determined, it
is now necessary to (3) identify the eye marker within the stimulus image
and (4) transform its position into the standard coordinates. Each of
these four steps must be repeated for each separate frame of data film
for which data are to be transcribed. An efficient automated method of
data transcription is obviously essential.

The data transcription system consisted of a film scanner which was
under computer control. The film scanner is capable of measuring film
image density at a specified point within each film frame over a grid of
512 by 512 points. The density measurement is on a two-point scale of
ABOVE and BELOW with respect to a specified reference level. The basic
data available through the computer program controlling the film scanner
are ABOVE/BELOW indications for each of the more than 262,000 points
within a film frame that it may interrogate.

v
512 (-
’f— an b
lhyh

) X 1 1 _1X

512 100 LoG 512

Fig. 5 - Data Reference Systems
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Although the corner narkerc Jdelineating the stimulus field and the
eve arker superimposed on the stimulus image were to be considerably
brighter than anything olce appearing within = detn film freme, this
could not be consislently achicved. This convrast ratin requirenment
became an acute problem after failvre of il.e vidicon cziaera nesessiteted
oxtensive rebuilding of its circulilry. Subsequent performance of the
vidicon camera was marginal for most of the data-recording sessions., In
additicn, some subjects displayed wide variations during a session in the
brightness and shape of the corneally reflected eye marker. Thece twe
factors, coupled with *h.: lzrge brightness variations occurring in the
stimulus rzteria, reswltet in a large number of data films in which the
markers viere nol considerably Lrighter than everything else appearing 3n
the data filu inege. Furthermore, even when the eye marker and the
markers cdelineating the stimulus ficld were relatively brighter then th:
renainder of the inage, the natursl variabiicus in marker brightress, *oin
between ead within data films, were considerable.

The first film-scanning jrogzren vas based on two conccpts; i.o.,
(1) a srecified threshold above vhich any point ajpearing in a dats film
frame +us to be considered as cither a jart of the eove narker or ore cf
the fouwr stimulus field markers, and {P) marrers that were ¢ssentiwdly
circular in ghape. The wide variations in eye marier shage, togethier wilth
the ne.se within the video signal, yielded totally iscatisfactery recults
ir. the Initial attempts at tronceribing data from the filrs,

£ new program was developed which was able to perfona satisfeacto-
rily. Th2 basic data available to the program wers still 3olely tre
ABOVE, FELOW measure for each point interrogated within the data film
freme ivage. The capability to alter the threshold setting under progeoan
control was added ani the basic ABOVE/HELOW data were ruch more exilan-
sively cnalyzed. In addition to brightness, the size, shape, ané loca-
tion of potential marker identifications were added to the criteris used
in the new program to identify the actual markers among all rossidble
cardidates. A further rajor improvement was achieved by using a predic-
tive algorithm, based on the actual characteristics of markers identifiel
on immediately preceding frares, to locate the markers on the next filn
fraze to 12 read. With the large possible variations in marker charactar-
istics, various elements in the stimulus image were frequently mnistaken
for marxers in the jnitial film reading program. By predicting not only
the characteristics but also the positions of markers, the revised pro-
gran performed quite relisbly. One of the problems which was not satis-
factorily solved resulted from the "lag" typical of vidicon tubes when
operated ncar the feasible lirit of sensitivity. With a sudden change
in th- irace, the previous irage is not replaced immediately by the new
irage as viewed on the ronitor, but rather slowly fades as the new iraie
ie crshablished, /e o result, when the eye makes a quick saccade both the
old &nl new eye r.srkers may appear on the sare frame. Since the image of
the oli rarker may even be brighter than that of the marker actually
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present, an incorrect identification can result. This problea was mini-
mized by backtracking whenever the eye marker was identified at some
distance from its position on the preceding frame. At this point the
program checked whether the eye marker had not shifted to this new posi-

tion prior to the point at which it had last been fond at the old posi-
tion.

The three types of errors examined for the resulting date tapes used
in analysis were (1) repeatability, (2) sbsolute error, and {3) relative
error. Repeatability of the film-scanning program was established by
reading a section of 100 frames three times and exemining the variation
in eye marker coordinates among the three readings. The mean sbsolute
variation among the three readings was approximately 1 scamming unit
(1/20°) with a standard deviation of almost 0.9 units.

The second source of error in the final data is absolute error in
the position of the eye marker resulting from misalignment of the helmet-
mounted apparatus. Since a displacement of the apparatis with respect to
the eye is indistinguishable from a displacement of the eye with respect
to the apparatus, both are recorded as an eye movement on the data film.
A 5° rotation of the eye displaces the cornea slightly more than one
millimeter; conversely, one millimeter of helmet slippage is recorded as
several degrees of eye movement, An indication of the magnitude of this
source of error was obtained by examining data recorded on the calibra-
tion targets {see discussion wnder Stimulus Materials)., Examination of
the data indicated that this errcr was fairly minimal for the films used
in the final sample.

Relative error here refers to the error in the distance between ecye
marker positions on a pair of successive data film frames. It is men-
tioned here primarily to point out that it is largely independent of the
absolute error in eye marker position resulting from helmet slippage,
which tends to remain stable over a large number of film frames and to
charge only occasionally.

THE DATA TAFES

The computer tapes produced by the film reader during data transcrip-
tion included the following information: (1) coordinates of the eye
marker (1/20° units) in the transformed reference system, (2) yosition
and orientation of the stimulus field to indicate head position, (3) eye-
marker diameter, and (4) an error code indicating quality ¢f data or
reason for missing data; e.g., blinking of the eyes.

A printed listing of these data was reviewed, together with each datsz
film, on a frame-by-frame basis to correct data where necessary for
proper rmerging into a master tape and to relect data which required another
pass through the film reader. A total of 20 films was finally accercd
for inclusion in the data sample. Data for these films were largely con-
plete, although in a few instances some sections of data which cowld not
Le rrorerly transcribed by the film realer were edited during rersiow,

il
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The edited tapes were then preprocessed and merged into a master
tape consisting of the following data for each film frame: (1) coordi-
nates of the eye marker in 1° units, (2) estimated average velocity of
the eye marker between successive frames in 1/20° units, and (3) direc-
tion of eye-marker movement between successive frames in &° wiits. The
ectual tare and data formats of both the film reader output tapes and
ihe master tspe are given in Appendix H.

TROGRAMMING

A library of programs was developed to aid in tlie preparation and
analysis of the data transcribed from the film records. The SCATRAN
language, vreviously in use at the University, was the main programming
language, with many of the subroutines being written in FAP assembly
language, Since these programs are not transferable, they will not be
described in detail. The analysis of variance was made with one of the
BIOMED programs developed at the University of California.

Much routine and repetitive programming was simplified by the devel-
opment of interpretive packages, This approach allows the definition of
pseudo programmuing languages whose concepts and vocabulary are familiar
to the user for a specific problem area, As a result he need not be
familiar with an actual programming language or be aware of the actual
operations required to achieve his objective,

An example of such an interpretive package is a program referred to
25 the WPL langusge which was developed for density analysis, Here the
rrimary questions are in terms of where do subjects look, how much time
do they spend in looking at various areas in the stimulus field, and what
is the velocity distribution for these data? To answer such gquestions by
using WiL, the user need only know the reaning of such terms as density
and density clusters, the VMAG distribution, and heve available a scenario
of the stimulus (see Appendix G) to identify the scenes or subscenes in
vhich he is interested.

A WIL density plot simply indicates the percentage of time some
specified sample of subjects spent looking at each point in the stimilus
ficld which has been divided into squares of }“ of visual arc. An example
of such a plot can be found in Appendix I. A WFL cluster plot not only
indicates various levels of density, but further identifies larger areas
within the stimulus fleld where the eye markers tend to fall into distinct
groups and labels the points in the stimulus field falling within each
cluster. An example of this can be found in Appendix I.

Since various definitions of clustering can be made, the one used in
Wil will be described briefly. An ocutline of the algorithm reads as
follows:

(1) START. For the syecified stimulus sequence and subject



sample determine the eye marker density at each point in
the visual field.

(2) Begin definition of next cluster. Find the point of
highest (nonzero: density which has not yet been clas-
sified into a cluster. Classify this point into the
current cluster. If no unclassified points remain avail-
able STOP.

(3) Select the point of highest (nonzero) density which
borders the current cluster. If none remain the cluster
is completed--go to (2).

(4) 1If the selected point has a higher density than the last
point classified into the current cluster ignore it and
go to (3). 1If the selected point has already been clas-
sified into another cluster delete it and go to (3).
Classify the selected point into the current cluster and

go to (3).

Clusters are arbitrarily labeled A, B, C, . . . and each point in
the stimulus field will have been classified as blank (zero density), as
belonging to some cluster (A, B, C, . . .), or as deleted (indicated by
a dot in the printout). Teleted points are those which lie in a region
of overlal between two or more clusters and therefore have not been clas-
sified into any cluster. FEach cluster indicates a distinct grouping of
eye markers.

An example of a graph of the eye marker velocity distribution can bve
seen in Appendix I. This was drawn on a CALCOMP plotter by using the
WPL language.
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CHAPTER 1II

DATA ANALYSIS AND RESULTS

INTRODUCTION

As stated in the problem statement, the objectives of this research
were as follows:

1.

2.

7.

To verity whether a continuum of eye movements exists for
subjects viewing dynamic bi-dimensional fields.

To determine whether certain subject characteristics,
including age and intelligence, influence the subjects’
eye-movement indices,

To determine if different types of films influence the eye
movements of the subjects,

To determine whether the eye-movement indices identified
are related to the suhjects' recall of the stimulus film,

To determine what elements of scenes across films influence
the subjectst? eye-movement indices.

To determine what elements of the scenes attract the sub-
Jects? attention.

To determine if subject characteristics such as age and
intelligence are related to where the subjects look.

The following specific questions served as a basis for the data analysis:

1.

vhat types of eye-movement indices are observed in the
data? 1Is there a continuum of movement or do the indices
fall into the fixation: and saccades often reported in
the literature by other educational researchers?

Are there di‘'ferences in the eye-rovement indices of sub-
jects of varying age and intelligence levels across all
simulus materials?

Is there a rela‘ionship between the subjects' recall of
the stimulus :naterials and the eye-movement indices they
display? I{ so, which eye-movement indices are related
to recall”

Are there differences in the eye-movement indices for
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different stimulus films; specifically, for the following
four different types: (1) educational rresentations which
depend heavily on visual presentation and in which a lec-
turer or narrator is rarely seen, (2) educational presenta-
tions which depend heavily on a narrator or lecturer, (3)
a general presentation with a fast-paced sequence and vis-
uvals of many different types, and (4) a cormercial presen-
tation the emphasis of which is to sell a product?

5. Are there differences in the eye movement indices between
scenes with different variable classification?

6. What elements of the scenes influence the subjects! atten-
tion?

a. Do the type and number of objects affect the pattern
of viewing?

b. 1Is movement & factor influencing attention?

¢. Is the audio a factor influencing where the subjects
lock?

d. What other characteristics of the scenes affect where
the subjects look?

DATA ANALYSIS

With these questions providing the general framework for the inves-
tigation, two types of analyses were performed. The first, thz2 analysis
of eye-movement indices, was conducted to answer qQuestions dealing with
the types of movements observed and the effect on the eye-moverment
indices of age, intelligence, subjects' recall, types of stimulus mater-
ials, and various elements of the scenes. The second, the descriptive
analysis, was conducted to answer questions concerning where the subjects
look and what elements of the scenes affect the viewing pattern. In
addition, the influence of age and intelligence on these viewing patterns
was determined.

Eve-Movement Indices

The eye-rmovement data obtained as a recult of the data film trens-
cription process consistel of coorlinates of the eye marker within the
stimulus field, sampled at the rate of the data-recording camera; i.e.,

24 frames yfer second. Such eye-position data may be interpreted as eye-
movement data by calculaling an estimated average velocity from the eye
position as recorded on two successive data film frames.

ERIC 18
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In the pilot study this was done by a visual examination of the
data films. Eye marker velocity, as inferred from the extent of movement
in terms of eye marker diameter, was observed to fall into a number of
distinet intervals. These movements did not correspond to the dichotomy
of fixations and saccades usually reported by educaticnal researchers.
Rather, & number of distinct categories were identified, These categories
were termed indices. Orne Ihirposc ol the nresent study was to verify this
continuum of indices.

In the present study, changes in the position of the eye
marker could be measured on a finer scale than in the pilot study.
Since coordinates of the eye marker were available in units of l/20°
of visual arc for each film frame, the unit of eye-movement measurement
corresponded to 1/20° per 1/2h second. Thus the unit of measurement was
approximetely 1.2°/second in estimating the average eye marker velocity
on the basis of the eye marker coordinates for each pair of data film
frames. The overall distribution of velocities obtained is given in
Fig. 6. The estimated average of velocities* occurs mainly at the low
end of the continuum below 10 units (12°/second). As can be seen from
Fig., 6, these data fall into a continuum of velocities.

This distribution was divided into four fairly distinct in-
tervals to sinplify eye-movement data classification. This choice of
categories was tased on both the classification developed in the pilot
study and various analyses of the present dsta, An analysis of the
sequential pattern of eye-movement velocities was a major factor in de-
termining the various divisions. The distinct nature of these cate-
gories was supported later by the data analysis.

The definition of the resulting indices is given in Table V,
This classification is similar to that fcund in thre pilot study.

Table V - Definitions of Eye-Movement Indices

No Observable Movement 0 - 4,2%/sec
Minimovement L,2 - 11.4°/sec
Small Saccadn 11,4 - W7.4°/sec

Large Saccade Above  W7.U°/sec

*In Arpendiv ¥, the estimated average velocity is terrmed VMAG,
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i Comraring these indices to the vwsunl 17 2hotony of eye movements used by
other researchers, No Observable lovem2at {(NGM) corresponds to fixations,
including tremor mnd slight forms of nratammis, and the Caccades in the
two classificalion schemes are nlso sinmilar. Belween these two extremes
of the continuvum lies the Minimoveucnt catepory,

velocitics in the Caccale (3A7) cabtepories are not very mean-

ingiul since thege movemenis are generally completed within one pair of
data rilm frames, fTherefore, an accurate estimate of average velocity

B cannot be miade on the bzsis of such data, Here it is preferable to speak
of the extent of movement, rather than the estimated velocity, with Small
Saccades ranging beiween ﬂ° - 2% af visual are and Large Saccades falling
above 2°,

The gerersdl shrae of the cistribaticn of eye nmarker velocities
is exemplified Ly Fig, +. However, this distribution may change as a

- furction of stimulus material wnid sublect characteristics., For example,
the distribution of eye ravrer velocities for a Static scene is illus-
traved in Fig, 7, In cuparisen, Fig. 8 illustrates the distribution
ovluined for a Tynasice scene, he poriion of the continuunm shown in these
two graphs corres;onds ¢soentindly Lo the NCM and MIN indices with Small
anrd Large vsaccades collapsed into a single yoint., The variability in
these disiritutions between subjcens 3o illustrated in Fig., 2, 1his greph
shiould bte conpared to Fig, 8 where ‘he rean of these distrituticons is
fresented,

Analysis

A three-factor manalvsis of variance was applied to the four
efe~moverent indices or OMS, MilE, (rall Jaccades, and Large Saccades
to test the effect on the iniiccs of filn differences, intelligence
differences, &nl age differences. Kesults of the four analyses showed
enly one sismificant rain effect which was on filiss for the index of
Large Saccades (an ' of 15,971 was cbtainel, siynificant at less than
the .01 level with 3,54 7). 1he frequency of saccaldes on the films

- was hichest on Water and then the descending order of frequency was on
Ajax Camercial, Filoting ant Control of an Airplane, and Weather. That
nc. other significant results were found on this snalysis was attributed
t> a possible washout effect cince tle analysis was over the subjects!
st
4

ere moverents for the entire stirulus. Thus, several nrore analyses were
- r n to answer specific queztions over shorter segnents of data.

Corra2laticnal Annlyvsis. A correlational analysis was conducted
A to ictermine if there were a signmificant relationship between subjects!

rec~}l of the stimulus and the eye movenents they exhibited over the por-
- tices ¢f the film from which the giestions had teen developed. In acddi-
[ ticn, a further expleration of the relaticnship between intelligence auid
the s:%jecis! sges and e ¢re.novement indices wias mrde. A malticle

'
regression sntlycis {(i.e., the Wierry Test felection lethodi) was onacloyed
P T
S "o lysln,

[ for th:
|
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Learning scores were obtained from two instruments which had
heen especially constructed to test the subjects' recall of stimulus
films. These tests, called the Visual Recogniticn and the Visual and
Auditory Recall, are described in the Frocedures Chapter. -

Separate regression analyses werec run on each of the four eye-
movement indices for both of the learnins measures. Thus a total of
eight regression analyses were performed. Each analysis had three pre-
dictors--one of the learning ieasures, 1Q, and Age--and one criterion,
one of the four eye-movement indices.

The results of each regression analysis are reported in Tables
VI-XIII. A multiple correlation is given below the tables where the
analysis allowed inclusion of at least one predictor varieble in the
multiple regression equation.

Examination of the results reveals that there is a fairly con-
sistent pattern to the relationship of the variebles and the direction
of the relaticnships. Of the eye-movement indices used as the criterion
measures, NOMS snd MINS are correlated significantly with intelligence
over both sets of data with which they were tested. These relationships
are negative with NOMS and positive with MINS. Thus IQ appears to be
the only one of the three variables which exhibits a fairly high degree
of relationship with any of the eye-rovement indices. The relationships
of the other variables and the criterion measures are such that addition
of them as variables in the resvective regression equations does not
affect prediction of the criteria substantially. Since the R's are not
substantially higher than any of the correlations of the individual
variables and the eye-moverment indices, they can be taken as a degener-
ate form of a true multiple correlation coefficient which includes the
canbined relationship of two or more predictors with a criterion measure.

: The finding that intelligence is related to NOMS and MINS adds

[ verirication %o the results froaw the pilot study. In that study, a high
relationsiip was found between the NLOMS and XINS indices &and intelli-

. gence. Since the sample in this study was restricted to & narrower range

l of scores, any evidence of & significant relationship between intelli-
gence and these indices is important. It is assumed that had the sample
been rore heterogeneous, including the lower end of the curve, the corre-

{ lation would have been nuch higher. The direction of the relationship
between NS, MIN3, anl intelligence, however, is oppesite in direction
to that found in the pilot study. In the pilot study, NS were posi-

. tively correlated with intelligence and MING were negatively correlated.

l A possible explanation might be that the correlations for the pilot study
were over only one scene ani that scene was static in nature. The scenes

, over which the data for the correlations were drawn in this study in-

l cluded more dynamic than static scenes. It might be that the direction

- of the relationship between the eye-rioverent indices and intelligence
changes with the type of scene,

ERIC 00
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Table VI - Correlations of Predictor Variables
with the Eye-Movement Index of NQMS

Visual Recognition I1.Q. Age NOMS
Visual Recognition 1.0000 0.1430 0.0935 0.0L405
I.q. 1,0000 -0.063% -0.3043
Age 1.0000 -0,0953
NOMS 1.0000
R = 0.364, P < 0.05
Table VII - Correlations of Predictor Varisbles
with the Eye-Movement Index of MINS
Visual Recognition 1.Q. Age MINE
Visual Pecognition 3..0000 0.1430 0.0932  -0,0257
1.Q. 1.00¢0  -0.0435 04177+
Age 1.0000 0.1107
MINS 1.0000
*p < 0,05
R = 0,418, p < 0,01
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Table VIII

- Correlations of Predictor Variables with
the Eye-lMovement Index of Small Saccades

Visual Recognition
I.qQ.
Age

Small 3accades

Visual Recognition 1.Q. Age Small Sa.*
1.,0000 0.,1430  0.0932 -0,1830
1.0000 -0.0636 -0.0263
1,0000 0.01 )
1,200

Table IX -

Correlations of Predictor Varisbles with
the Eye-Movement Index of Large Saccades

Visual Recognition
1.q.
Age

Large Saccades

Visual Recognition 1.9Q. Age Large SACS
1,0000 0.1430 0,0932 0.1572
1.0000 -0.0636 0.0214
1,0000 -0.0489
1,0000




.-

Table X ~ Correlations of Predictor Variables
with the Eye«Movement Index of NOM3

Visual & Auditory

Recall I.Q. Age NOMS3
Visual & Auditory Recall 1.0000 0.3989% 0.,1478 -0.3029
1.Q. 1.0000 -0.0636 -0.3390
Aste 1,0000 -0.1113
NOMS 1.0000

*p < 0,05
R = 0,339, p < 0.05

Table XI - Correlations of Predicior Variables
with the Eye-Movement Index of MINS

. Visual & Auditory

Recall I.Q. Age MINS

Visual & Auditory Recall 1.0000 0.3989% 00,1478 (.2842
1.9. 1.0000 -0.0636 0.3846
tge 1,0000 0,1510
MINS 1,0000
*p < 0,05
R = 0,395, p < 0.065
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Table XII - Correlations of Predictor Variables with
the Eye-Movement Index of Small Saccades

Visual & Auditory .
Recall I.Q. Age  Small SACS
Visual & Auditory Recall 11,0000 0.3989* 0.1478 0.1056
I.Q. 1.0000 -0.0636 -0.0482
Age 1.0000 0,0213
Small Saccades 1.0000

*p < 0,05

Table XIII - Correlations of Predictor Variables with
the Eye-Movemant Index of Large Saccades

Visual & Auditory

Recall 1.Q. Age Large SACS

Visusl & Auditory Recall 1.0000 0.3989* 00,1478 0.2820
1.Q. 1.0000 -0.0636  0.1595
Age 1,0000 -0.1104
Large Saccades 1.0000
*p < 0.05
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That no relationship was found betwesn iearning and the eye-
movement indices adds verification to another resuwlt from the pilot
study since no relationship was found between any eye-movement index
and learning in that study. Further comments on this Tinding are made
in the Discussion of Results section.

Analysis of Scene Variables. Onz of the purposes of the data
analysis was to determine whether certain scene variables influence the
ere movemerts of subjects. For this analysis, scenes were classified on
the following: (1) Motion--Static vs Dynamic, (2) Complexity--Simple vs
Conplex, (3) Novelty--Familiar vs Novel, (L) One Type of Movement--
Leversal vs No~Reversal, (5) Clarity--Clear vs Unclear, (&) Number of
Attention Centers--Unicenter vs Multicenter, (7) Ambiguity of Meaning--
Ambiguous vs Unambiguous, (8) Unity of Elements--Distractive vs Integra-
tive, and {9) Arousal--Tranquil vs Arousal. Most of these variublesx
were identified in the pilot study and/or other research studies as pos-
sibly influencing the eye movements of subjects. In addition, the type
of audio used in a few scenes was considered.

After each scene had bean classified on the various elements,
the scenes were sorted into groups which had the same classification.
Comparisons on one of the four types of eye movements were then made
between a group of scenes having identical variable classification with
another group of scenes having the same classification except for one.
For example, one group of scenes might have the classification Stataic,
Simple, Familiar . . . and be compared with a group of scenes having the
classification Dynamic, Simple, Familiar . . . . More than one comparison
was made on each variable whenever possible. For example, scenes might
be the same on different groups of variables except the one of interest
such as Static, Complex, Novel ., . , and Dynamic, Complex, Novel . . . .
In some instances it was possible to have four replications of the sample
design because of the number of groupings available, whereas in others
only one comparison could be made. A simple analysis of variance model
wus used to make the comparisons. The da%a for all 25 subjects were used
in each analysis.

In order to determine whether differences in the main analysis
resulted from the classification variable rather than from idiosyncrasies
of the scenes themselves, a further analysis of variance was applied to
each design, with the scenes themselves serving as levels of the inde-
pendent. variasble rather than the classification variable itself. An
example of & typical design is given in Appendix J.

In presenting the results of the analysls, a specific question
will be asked followed by the data to answer that question., A suwmmary
table showing the means, mean squares, and F-ratios is given for each
d=sign. Also, a summary of the results for all of the questions follows

;k definition for each of these variables may be found in the problem
steteament,

50
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, at the end of this section.

- Motion. Question 1l: Are there significant differences in
subjects! eye-movement indices between scenes which
are classified as Dynamic and others classified as
Static, all other scene variables held constant?

Four comparisons were made between groups of scenes eguated on
all other scene characteristics except the variable of motion. Thus the
comparison was between scenes that were Static and scenes that were
Dynamic. The four eye-movement indices of NOMS, MINS, Small Saccades,
and Large Saccades, were the dependent variables in each of the compari-
sons, Across all four designs the analysis, as summarized in Table XIV,
shows significani differences varying from p < 0.05 to p << 0.0l between
the Static and Dynamic groups of scenes on five of the comparisons. The
significant differences are for MINS on the first design, NOMS and Large
Saccades on the third design, and Small Saccades and Large Saccades on
the fourth design. Although the rest of the differences do not reach
significance, it is relevant to note the direction of the differences and
the consistency of the direction. With only one exception--Large Saccades
on Design two--Dynamic scenes have fewer NOMS, more MINS, more Small Sac-
cades, and more Large Saccades than Static scenes. In other words, the
scenes with moving objects elicit more eye movements than the scenes
with stable objects.

An analysis of the scene differences for each design within the
groups, tends to support for the most part that the significant differ-
ences, where they occur, are due to the categorization of Static vs
Dynamic rather than to other characteristics of the scenes themselves.

gpmplexitx. Question 2: Are there significant differences in
subjects! eye-movement indices between scenes which
are classified as Simple and cthers classified as
Complex, all other scene variables held constant?

There are no significant differences for any of the eye-
movement indices on the comparison between Simple and Complex scenes.
Thus it appears that the complexity of a scene does not influence the
eye-movement indices of & subject. Only one analysis was run since there
were no other groupings of scenes on which all the variables excepl com-
plexity were held constant (Table XV).

-

Novelty. Guestion 3: Arec there differences in subjects!' eye-
novement indices between scenes which are classified
ns Femiliar and others classified as Novel, all other
scene variables held constant?

Analysis of the eye-movement indices on scenes which were clas-
sified as Familiar and scenes which were classified as Novel indicates no
significant differences on any of the comparisons for the indices of NOMS,
MINS, ang Small Saccades. Two of the comparisone do reveal significant
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Table XV - Summery Table: ANOVA on Simple vs Complex Scenes

o —— e — = —— e —

Statistic Means Mean F-
Tndex \\\\\\\\\ Simple  Complex Squares Ratio d.f.
1l 0.7108 0.7121 0.0000222 <1 1,20
2 0.2008 0.2097 0.0000000 <1 1,25
3 00,0543  0.0507 0.0000000 <1 1,26
4 0.0311  0.0275 0,0000000 <1 1,26

differences between Familiar and Novel scenes on large Saccades. These
differences are significant at the €.025 and 0.0l levels, respectively.
In general, the analysis of the individual scenes suggests that the sig-
nificant differences found are due to the characteristic of Familiar and
Novel. Since one difference is caused by the Novel scenes having more
Large Seccades and the other fram the Novel scenes having fewer large
Saccades; however, no conclusion can be drawn with regard to the influ-
ence of this variable on lLarge Saccades. The influence of this variable
on the other eye-movement indices is negligible (Table XVI).

Type of Movement. Question L: Are there differences in sub-
jects' eye-movement indices between scenes
which are classified as Reversal and others
classified as No-Reversal, other scene vari-
ables held constant?

As defined in the problem statement, Reversal is a type of
movement in which the foreground appears to be moving when in actuality
the background is moving. No-Reversal is a type of movement in which
the foreground is moving. Two analyses provide information with which
to answer the question comparing these two types of scenes. A summary
of the results is given in Table XVII.

Differences between the Reversal and No-Reversal scenes on NOMS
and MINS reach extremely high levels of significance, well beynnd the
0.01 probability level for both analyses. The indices of Small Saccades
and Large Saccedes are significantly different on the first comparison,
but not on the second. The significant differences between the two tyges
of scenes indicate that those scenes with the Reversal characteristic

bJ



1070 >> Aoy

00 > 4,
§2C°0 > Yee
00 > o
a2t T> 3510000 07:€0°0 S2E0°0 | 2'T +L2§°0T  $LTL20070 2626°0 neno"o 4
ag‘t et 1 691270070 L10Te N} 6OR0T0 | "Z'T «e20T'L  6EZT00°0 "0 §20°0 £
UCCT 4.0 6°0L TERCHNT'O 6610 Ene2 0 | "'T LL60° 52 66620271 $2LT 0 oLT7 0 4
2T .80 us om0 irTIe 2ELLTO €270 [ 2T LL2nlEZ EfosTin't 625L°0 g221°0 T .
3o oyqe saguchs Tes13A3d ON TeSlIanay 3 ofavy taaurbg TUElaLldg ON ﬁcuhu>un_. xapu;Z
-3 Uean BUNIA -5 UeaR SUNIL _ D1.8TLeLT
E 1 1 uH1 930
A =
JAUSDS TEFRIIAY~ON SA TUSIIAIY U0 YAONY  ITQRL AJwEme - ITAX 9TqQul \th
10°0 >> €
1070 >4,
§20°0 > Cow
£0°0 > Ca
L2M0°g  TE55000°0 TRIO'O  OT0°0 | 12°T wwf$3°L CSLEOCGTO HG20°0  TE20°0 | 2T T > 2n00000°0 6£0°0 0600 "
T > LW000°0 05070 LZw0to | r2ft TI>  f6T0000°0 6TH0'0  IER0TO | 2T T > TAI0000°0 4600 600 £ i
ZT9°T 6E66R00°0 £RI'0 T6T°0 | 72T T> TR20000°C SOLTTO  €6LT'0 | «2* T > LLES000°0 6LLITO  TWgI0 z ,
T > ET0E0C°O T26L°0 OL-L°0 | -2°T 1> nS0TO00°0 YIGL'O0  6£%it0 | -2°T T > 6ET000°0 6EELTO  ZLiLTO T
oriwy  saaunbg T2A0N JeITTWed 3P oTamd sarunbg TIA0N JEITTENS “3'p oj3wg  ®aILnds TaAON  JIWTTTW® Xapul
-3 uean sUBI; -3 tean BUvan ~d UBIA SUNa) JTIETWELD
£ Z 1 i wisag

S3UIIS TIAON SA IWITTWESL UO VACKY :9TQe) Arwmmns - IAX ITIWL

'




|
|
|
|
|
|
|
|
|
|
i
I )
ERIC

Aruitoxt provided by Eic:

have fewer NOUS, more MINS, more Small Saccades and more Large Saccadea
than the No-Reversal scenes. The Reversal scenes, therefore, vwhen car-
pared to No-Reversal scenes, receive similar eye-movement responses frum
subjects to the overall Dynamic scenes when they are compared to Static
scenes. That is, the subjects exhibit more eye movements to the Rever-
sal scenes. Since only two scenes were compared in each of the two
analyses, no further information is available to check whether the diffe
ences obtained are a rasult of the Reversal and No-Reversal classifica-~
tion or due to other characteristics within the scenes themselves.

Clarity. Question 5: Are there significant differences in
subjects' eye-movement indices between scenes vhich
are classified as Clear and others classified as
Unclear, all other scene variables held constant?

Inspection of the single analysis comparing eye movements on
Clear and Unclear scenes reveals that there are statistically signirfican
differences on both Small Saccades and Large Saccades. The significance
is at the 0.05 and well beyond the 0.01 levels, respectively. The scene
classified as Unclear receive more large Saccades while those classified
as Clear receive more Small Saccades. It may be that when the scenes
are Unclear, the subjects make large eye movements in an attempt to de-
termine what the content of the scene is. Again, since the comparisons
were made on only one scene of cach category type, 3t must be assumed
that the differences are the result of the scene classification. Result
of this analysis are given in Teble XVIII.

Table XVIII - Summary Table: ANCVA on Clear vs Unclear Scenes

Statistic Means Yean F- T
Index Clear imelear Squares Ratio d.f.
.
1 0,70k 0.7598 0.0002759 < i 1,20
2 0.1572 0.1478 0.0011816 <1 1,2
3 0.0504  0.0392 0.0017785 b, 354 1,2
h 0.0278  0,0532 0.008'8.8 ho, 3554+ 1,2
*p < 0,05 T
«xp < 0,025
+p < 0,01
+tp << 0.01
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Number of Attention Centers. Question 6: Are there signifi-
cant differences in subjects!
eye-movement indices between
scenes which are classified as
Unicenter and others classified
as Multicenter, all other scene
variables held constant?

Two analyses were run to answer this question. The results
show differences on MINS in one analysis and differences on Large Saccade
in the other. Where the significant differences occur, the Unicenter
scenes receive more MIN responses and the Multicenter scenes receive
more Large Saccades. That Multicenter scenes receive more Large Saccades
is not surprising in view of the fect that & sccnce having many centers
of attention would require the subject to make larger eye movements than
a scene having only one nenter of attention. However, it is surprising
that both designs do not elicit the same results. When the scenes within
the designs were checked, it was noted that on the second design, the
scenes classified as Multicenter often included the model of the air-
pPlane from Piloting and Control of an Alrplane. Although this object
included a number of areas of attention, they were not as wldely scat-
tered as lhe objects in many of the other scenes. This could have been
responsible for the difference in the findings for the two designs. A
sumary of the analyses is given in Table XIX.

Arbiguity of Meaning. Question 7: Are there significant differ-
erices in subjects' eye-movement indices
between sceres which are classified as
Unarmbi guous and others classified as Arbig-
uouc, all other scene variesbles held con-
stant?

The data analysis of scenes classified as Unmsbiguous and
scenes classified as Amhiguous shows marked differences between these
two type of scenes on NOMS in one analysis (p < 0.01) with the compari-
son almost reaching significance in the other. There i:s a significant
difference on Large Saccades (p << 0.01) in both snalyses. Ambiguous
scenes recelve more NOMS and fewer Large Saccades. Although the MINS
and Small Saccades differences do not reach significance, the direction
is for the Ambiguous scenes to have fewer MINS &nd Small Saccades. Thus
it appears that scenes which have more than one possible meaning induce
a more fixed type of eye reaction rather thsn lsrge movement while
scenes with only one possivle meaning induce larger eye movements,

These results are presented in Table XX. That the differences identi-
fied are due to the scene classification rather than any other character-
istics of the scenes themselves is supported by the individual scene
analysis,
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Unity of Elements. Question 8: Are there differences in sub-
Jects' eye-movement indices between scenes
which are classified as Distractive and
others classified ns Inteprative, other
scene variables held constant?

The analysis of variance on this question results in differences
in NOMS and MINS (significani al the 0,095 snd 0.05 levels, respectively)
in the directicn of more NOMS and fewer MINS on the ccenes classified as
Integrative. These scenes also receive fewer Small Saccades and fewer
Large Saccades although the differences do not reach significance.

Further analysis of the individual scene differ-ances supports the idea
that the differences result from the classification variable (Table XXI).

Arousal. Question 9: Are there differences in subjects! eye-
movement indices between scenes which are classified
as Tranquil and others classified as Arousal, all
other scene variables held constant with the exception
o that variable entitled Unity of Elements (Distrac-
tive vs Integrative)?

For this analysis, it was not possible to control for all other
scene variables since no scenes were available with only the desired
characteristic differing. Therefore, the added variable may produce a
confounding effect, In this respect, the actual scenes compared were
classified as Tranquil with Integrative elements and Arousal with Distrac-
tive elements. Analysis of the indices for these scenes (Table XXII)
shows that differences between Tranquil and Arousal scenes occur only
con Small Saccades. The level of significance for this difference is
0.025.

When individual scene differences are analyzed on Small Saccades,
the results show that the scene differences are a result of the classifi-
cation. It is still questionsble, however, as to whether the difference
in the scenes is manifested from the Tranquil-Arousal categorization or
the Distractive-Integrative classification. Because no differences are
found on Small Saccades in the Distractive-Integrative comparison with
all other variables held constant on the previous analysis, it appears
that the cdifference can be &ttributed to the Tranquil-Arousal breakdown.

Audio., An additional question was asked to determine whether
there are differences in subjects! eye-movement indices
between scenes with the same variable classification
with different types of auditory cues. In order to
answer this question, scenes were classified into those
having auditory cues which directed the viewer to a
particular part of the screen (called Direct cues) and
those having more Indirect auditory cues.
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Table XXI ~ Summary Table: ANOVA on Integrative vs Distractive Scenes

S~ _Statistics Means Mean ¥-
Index Distractive Integrative Squares Ratio d.f.
1 0.7121 0.7539 0.023625G  6.577%* 1,25
2 0.2097 0.1799 0.0120154  5.26L4x 1,26
3 0.0507 0.0431 0.0007904  2.177 1,26
L 0.0275 0.0231 0.0002565  1.797 1,26
*p < 0.05
#p < 0,025

Table XXTI - Summary Table: ANOVA on Tranquil vs Arousal Scenes

Statistic Means Mean B F-
Index Trenquil  Arousal Squares Ratio d.f.
1 0.7655 0.7503 0.0031345 1,201 1,26
2 0.1€43 0.1691 0.0703130 <1 1,26
3 0.0318 0.0446 0.0022298 6,001 %% 1,26
ih 0.0362 0.0359 0.0000012 <1 1,26
*4p < 0.025
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The data analysis reveals that different types of auditory
cues have a significant effect only on Large Saccades. 1In this instance,
scene differences are significant well beyond the 0.0l level. Scenes
with Direct cues receive more NOMS, although the differences do not reach
significance, and fewer Large Saccades. This may have been caused by
less need for searching behavior in suzh scenes. Inspection of the indi-
vidual sceres within a group reveals that the major differences are in
fact from scenes of different auditory types rather than other scene

characteristics. The results of this analysis are surmarized in Table
XX111,

Table XXIII - Summary Table: ANOVA on Direct vs Indirect
Audio Cue Scenes

‘\‘\\Sggtistics Means Mean F-

Index Direct Indirect Squares Ratio d.f.
1 0. 747 0.7217 0.0071716 2,307 1,25
2 0.1802  0.,1887 0.0009577 <1 1,25
3 0.0510 0.0455 0.0004023 <1 1,26
Y 0.0240 0.0U26 0.0046612 26,8041 1,26
<« 0.01

Film Differences. A final analysis was conducted to determine
if scenes which were identical on the variable classifications but came
fram different films would elicit different eye-movement responses.

Eight distinct analysis of variance tests were run comparing scenes of
like classification from different films, As many camparisons as it was
possible were made in view nf the restriction of number of scenes which
could be controlled. All of the comparisons reveal no significant differ-
ences on NOMS and MINS (Table XXIV). Film differences do affect the eye-
movement indices of Small Saccades and Large Saccades in a few instances.
When the significant differences occur, the analysis of variance test to
check the scenes within groups reveals the differences are due to char-
acteristics of the films rather than particular scene elements. However,
the results for most of the comparisons add substantiasticn to the finding
that the scene variables rather than the films themselves have more effect
on the eye-movement indices, particularly on NOMS and MINS.
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Surmary and Discussion of Fesults on Eye-Movemern® [ndices,
Controlled study of all variables in telelessons and/or motion pictures
would be an almost impossible task, For this reascn, this study was
exploratocy in nature to identify those variables which would te the most
meaningful for future research. Thus the results should be considered
tentative. Those variables identified as having potential importsnce will
need controlled study before any definite conclusions can be drawn.
Nevertheless, the results do add meaningful data to the present x.owledge
not only of variables important in the study of television and motion
pictures but also to the knowledge of eye movements themselves.

The first part of the analysis of eye-movement indices was to
determine what types of eye movements subjects use in viewing dynamic bi-
dimensional fields such as educational television and motion pictures.

In the pilot study, the eye movements observed did not correspond to the
dichotomy of fixations and saccades ususlly reported by educational
researchers. Rather, the data fell into a continuum of movements inclug-
ing No Observable Movements, Minimovements, Slides, and Saccades. One
purpose of the present study was to verify the existence of this continuum
of movement,

Movements quite similar to those observed in the pilot study
were identified. These data also fall into & continuum of velocities
rather than the extremes of fixations and saccades, These movements were
termed No Observable Movements (NOMS), Minimovements (MINS), Small Saccades,
and Large Saccades. The sanalysis of the data was conducted using these
four indices,

Another major purpose of the study was to determine whether
stbject chareacteristics such as age and intelligence and various stimulus
characteristics, i.e., type of film a2d scene varisbles, influence the
cye-movement indices, In addition, a study was made of the rel=zcionship
of the subjects’ recall of the stimulus films and the eye movements they
display, The first analysis was & three-factor analvsis of variance
including age, intelligence, and films as the independent variables and
each of the four eye-movement indices of NOMS, MINS, Small Saccades, and
Large Saccades as the dependent variables, The results of these analyses
showed only one significant main effect which was for Large Saccades on
Films. Since the two films which differ the most on this index are
Weather and Water, it is probable that the variable of motion influenced
the finding. Weather is a slow-paced film in which only a few elements
move at a time, In contrast, Water is an extremely dynamic film many
scenes of which have moving objects. Since Water has more Large Saccades,
this may mean that the subjects made more large excursion types of move-
rients to follow the larger number of moving objects. The fact that this
nnalysis was conducted over the entire stimuwlus may be the reason for no
other significant results. A washout effect may have occurred because of
the length of the stimulus. The remaining analyses were concucted using
eye movemanis over shorter segments of data.

The next analysis was a multiple correlational analysis using
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two learning tests called Visual Recognition and Visual and Auditory
Recall, alongz with age and intelliszence, &s the predictor variables and
the four eye-movement indices separately as the criterion varisbles. A
fidrly consistent pattern of relationships emerged from this analysis.
It was found that intelligence is significantly related so both NCMG and
MINS. In the case of MOMS the relationship is negative and in the case
of MINS tr~ relat:- ship is pesjtive. This finding verifies the result
from the pilot stv.y thit intelligence is significantly related to the
eye movercnts the sub jects exhivit. However, the direction of the rela-
tionship is opposite to that found in the pilot stady. Data for the
correlations in the pilot study were derived from a single scene and
that scens was static. WNumerous scenes, most of which were dynamic,
were analyzed in this study. Thus the difference in type of scene (i.e.,
whether it wss Static or Dynamic) may have caused the difference in the
direction of the correlations.*

The correlations of NOMS, MINS and intelligence in the pilot
study vere also much higher. Of necessity, the subject semple for the
present research was restricted in range of 1Q scores since children
with Low IQs have quite often dropped out of school by the junior high
school level. The semple for the correlational analysis was in the
average and above-average range. For this reason, it is assumed that if
subjects with lower IQ scores had been included in the sample, the corre-
lations would have been much higher. That a significant correlation is
found at all, therefore, is guite meaningful.

Learning and age are not found to be significantly related to
the eye-novement indices., This adds verification to the rinding in the
pilot study that learning is not related to eye movements., The project
staff had suspected that the learning instrument constructed for the
pilot study may have teen responsible for the negative results in that
study. As a result, they constructed two instruments for this study in
which the visual content of the stimulus and the visual and auditory con-
tent combined were incorporated. Even with this effort, the findings are
negative., It is possible that the measurement instruments for learning are
still inadequate in spite of fairly high reliabilities {(r--0.80 and 0.84),
On the other hand, it is entirely possible that the recall of the subiect
after the experimental session is finished has little or nothing to do
with the eye movements he exhiibits at the time the session is taking
place. Future studies might consider the relationship between immediate
recall on the stimulus and the eye mevements for that stimulus. Computer-
assisted instruction would offer a convenient means for studying this
relationship. A few recent stulies in the area of clinical psychology
have indicated that the thinking ¢f the subject may influence the eyve-
movement patterns. Fer examrle, in one study** when the subjects were

*Iymamic scenes elicit fewer X3 anl more MINS.
*¥John 5. Antrobvus, Judith &. fAn’robus, and Jercme L. Singer, "Eye Move-
rments Accompanying Daydreaming, Visuel fmagery, and Though', Suppression,”
J. Abnormal and Soc. Isy., ' 9:3 (19 W), 2lik.252,
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asked to imagine and then to suppress, the differences in the number of
some tyres of eye movements reached significance. Eye-movement studies
in education which attempt to clarify how thinking patterns are related
to the eye-movement indices might be quite revealing. Controlled studies
in which specific directions are given to the subject reqiiring him to
perform various mental tasks, ranging from the simplest upy to problem
solving, might give researchers an insight into eye-movement indices.
This would be helpful in future work on children's thinking.

In the analysis of scene variables, all of the scenes were
classified with regard to motion, complexity, novelty, clarity, number of
atlention centers, ambiguity of meaning, unity of elements, and arousal
characteristics. In addition, the type of audio used in a few scenes was
censidered.,

The comparisons show that the motion in a scene has a definite
influence on the eye-movement indices of the subjects. Scenes classified
as Dynamic have fewer No Observable Movements, more Minimovements, more
Small Saccades, and more Large Saccades than Static scenes. In other
words, the scenes with movement elicit more eye movements from the sub-
Jects. This indicates that as objects in the scene move, it becomes
necessary for the subjects to move their eyes more to follow the obJjects.
A similar pattern of eye-movement indices is fourd on the Raversal scenes.
Reversal is a type of movement in which the background moves instead of
the fcreground. This variable serves essentially the same function as
the Dynamic variable in that it takes more eye movements of the subJject
to follow the Reversal type of movement tban it does for him to follow
the No-Reversal movement in which the foreground objects are moving.

Variasbles which do not affect the eye-movement indices are Com-
Plexity and Novelty. This may appear surprising since a few researchers
have recently reported that these two elements did have an effect on eye
movements in their studies. It should be noted that those researchers
were reporting the influence of Complexity and Novelty on where the sub-
Jects look not how they look. A report on the influence of these vari-
ables on where the subjects look is given in the next section of this
chapter.

Comparisons of scenes classified as Clear-Unclear, Unicenter-
Multicenter, Unambiguous-Anbiguous, and Direct Auditory Cues-Indirect
Auditory Cues, also show significant differences in the eye movement
indices. The classifications of Unclear, Multicenter witn widely-spread
objects, Unambiguous and Indirect Auditory Cues elicit more lLarge Sac-
cades than scenes with classifications of Cle:r, Unicenter. Ambiguous
and Direct Auditory Cues. Significantly more Small Saccades occur on
scenes vith classificatione of Clear and Arousal than those classified
as Unclear and Tranquil. Integrative scenes have more NOMS and MINS than
do Distractive scenes.

Thus various scene variables do influence the eye movements.
Variables which have an effect on all four eye-movement indices are the
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catezories of Dynamic--Statis and Reversal--Neo-Reversal. Further shad-
15 needed to determine the exact function of the eye movements in ie'z-
+ica to the identified stimulus varisbles. Research to determine “h:
uiiferences in function of Small Saccades vs Large Saccadss and NUMS v
MINS should also prove fruitful.

Descriptive Analysis

Data reported here were analyzed to determine where the subjecus
look and for what proportion of time. Computer programs were written
to print out the data in terms of the number of frames of eye markers
falling on each of the points of the field. These data were called tne
density data. In addition, a computer program was written to give a 1iype
of' topographical map--a cluster analysis-~of the subjects'! viewing paf -
terns for a particular scene, Since the eye marker data first appeared
without being overleid on the objects in the scene, a clear view cf the
eye-movement patterns of the subjects on different scenes was availabis,
The first question was whether the placement of objects in a scene afrects
the view.ng pattern. It was quice obvious merely from inspecting the
printouts across scenes that the placement of the otjects did affect the
pattern. A typical example of the differences occurring acro>ss scenes
appears in the following printouts. On the first scene of a seguence,
26.10 (Fig. 10), the right side of the screen is filled with obJjects
while the left side of the field is blank, The particular group of sub-
Jects whose data appear in this printout look almost exclusively at the
filled side of the screen. On the second scene in the sequence, 26.20
{Fig. 11), in which objects fill both sides of the field, these same sub-
Jects show quite a different pattern of viewing. These printouts are
representative of the various printouts in that they show how the place-
ment of the ocbjects in a scene changes the pattern of viewing. Although
the printouts from the cluster analysis were used initially to check such

-pattern differences, the density analysis was found to be more helpful

for descriptive purposes since numerica. datu were availeble. Thus these
data were used for the remainder of the descriptive analysis.

Density Analysis. In order to answer the questions relative to
what elements of & film influence the eye movements of subjects and what
types of objects attract the subjects! attention, the computer printouts
Wwithi the density of eye marlier data were analyzed. Replicas of the par-
ticular scenes to be analyzed, in terms of the objects within the scene,
were carefully plotted over the respective printouts to determine where
the eye markers fall relative to these objects. 1In the density analysis,
the areas with the highest number of frames of subjects! eye markers and
the stimulus objects falling in those areas were considered. Proportions
of cye markers falling on the objects of interest were compared in an
attumpt to answer pertinent questions of the study.
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The purpose cf this analysis was to determine if certain vari-
ables such as novelty of the objects, type and number of objects, move-
ment within the scene, auditory and visual cues, and replication of a
scene influence where the subjects look. In presenting the recults of
the analysis, a specific gquestion of the study will be s*ated, followed
by the data to answer that question. A swmary of the results of the
density analysis is presented at the end of this section.

Novelty. Question 1: When a series of scenes arpear in which
one new element is added to an otherwise unchanged
scene, will the subjects concentrate more heavily on
the new element than other portions of the scene?
Will there be IQ and age differences with respect
to this viewing pattern?

A series of five scenes (Scenes 2.3 - 2.8) from the award-
winning film Weather were used to answer this question. A complete des-
cription of the visual and auditory portions of all scenes appears in
the scenario in Appendix G. On the first scene in the sequence, a pic-
ture of the Earth surrounded by its atmosphere appears. The subjects
concentrate on the center of the Earth ailmost exclusively as 91% of all
subjects' eye markers fall in that area. Of the 9% remaining, &% of
the markers are on an area outlined by the atmosphere.

In the next scene where the first new element appears--rays
reaching the atmosphere--the subjects change their emphasis and 50% of
the concentration is now on the new element of rays while only 36% of
the eye markers are still on the Earth. The atmosphere receives the
third highest concentration with 13% of the eye markers falling in that
area,

On the third scene with the second new element--rays penetrat-
ing the atmosphere--50% of the eye markers are on the new element, 29%
are still on the rays from the preceding scene, and only 20% of the eye-
markers are concentrated on the Earth.

The next scene adds stili another new element~-rays are now
reflected from clouds. Again, the new element of clouds receives the
most attention with a density in that area of 46%. The middle of the
atmosphere without clouds receives the second highest density of markers
with 30%, &nd the Earth receives the third highest with 22%.

The last scene in the sequence contains numerous elements in-
cluding the Earth, rays to the atmosphere, rays penetrating the atmos-
phere, rays reflected from clouds, and a new element, rays reflected
from the Earth. This element receives only 20% of the concentration.
Other higher areas include the Earth with 29% and the middle of the
atmosphere with 21%. Clouds also receives attention with 15%.

A possible explanation for the change in the viewing pattern
of the subjects in this last scene may have been that there are now too
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many elements in the scene to attract the attention of the subjects to
the new area. The scene may be too "busy” visually and thus the sub-
jects are distracted from the major visual point. It should be noted,
however, that the variable of novelty, in terms of a new element added
to each scene, appears to attract the majority of the eye markers in all
of the preceding scenes in the sequence.

The data for this sequence were next analyzed in order to de-
termine if there are any age and/or 1Q differences in the viewing pat-
terns for these scenes. In general, the viewing patterns of High IQ vs
Low IQ subjects and High Age vs Low Age subjects do not differ substan-
tially. For the most part, Low Age subjects seem to concentrate slightly
more on the new elements than do the High Age subjects. It may be that
the Low Age subjects take longer to identify the new element. On the
whole, the proportions of eye marker concentrations foi the subgroups
are camparable to those of the entire sample. A summary of the propor-
tions for all subjects, as well as the IQ and age comparisons, is pre-
sented in Table XXV.

Type of Object. Question 2: On scenes in which a narratcr
adpears, will the subjects look at the
narrator's face more than all of the other
visual areas of the scene? When there are
varying degrees of manipulation of an ot ject
by the narrator, will the subjects still look
at the narralor's face a large portion of the
time? With reference to these questions, will
there be differences in the viewing pattern
according to the intelligence level of the
sub jects?

In the pilot study, the stimulus was heavily saturated with
narrator scenes. This question was derived from that study where the
subjects concentrated on the narrator's face often to the exclusion of
demonstration items.

Several scenes in which a narrator appears, from the film
Piloting and Control of an Airplane, were analyzed to determine if a

similar viewing pattern occurs in this study. In these scenes, the nar-
rator manipulates a model airplane on a stand to varyling degrees. He
manipulates the plane only a small emount in & few scenes while in other
scenes he manipulates the plane a great deal. The question was concerned
with whether the subjects, grouped according to intelligence, would look
at the narrator's face more than at any other object in the scene. A
typical scene where lictle manipulation is taking place is given in

Fig. 17.

Generally speaking, regardless of intelligence, the subjects
look very little at the narrator's face. This occurs for scenes in
which there is 1little or no object manipulation ani scenes in which
thera are varying degrees of object manipulation. Subjects appear more
interested in aspects of the plane. The denslity &aralysis dces show,
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however, that in all of the scenes subjects tend to look at a general
area directly below the narrator's face a great portion of the time.
This area inzludes the narrator's tie which is dark against a white
background. This area is located between the face and the plane. 1In
Scene 15.30 where the narrator is demonstrating witb his hand and a
pencil, the subjects look more at that area than any other area of the
scene although the tie and torso still receive a great deal of atten-
tion. The resvlts for four of the narrator scenes are presented in
Table XXVI. Further comments on these responses maey be found in the
discussion at the end of this section.

Table XXVI - Proportions of Eye Markers Falling on Visual Areas
of Scenes 10.10, 13.01, 13.02, 15.30 Narrator Scenes

Scenes Face Tie and Torso Plane Other
1ittle or No Object
Manipulation
10.10
Kigh 1Q 0.105 0.628 0.102 0,162
Low IQ ¢,081 0.630 0.111 0.177
13.01
High 1Q 0.126 0.357 0.43% 0.081
Low IQ 0.164 0.108 0.564 0.164

Varying Degrees of
ObJject Manipulation

13,02
High 1Q 0.000 0,102 0.710 0.185
Low 1Q 0.046 0.148 0.627 0.177
15.30
Kigh 1Q 0.160 0.360 0.023 0.L53x
Low 1IQ 0.116 0.333 0,009 0.539*

*Includes hands moving pencil to demonstrate.
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Type of Object. Question 3: On two scenes where, in the first,
there is a split screen with information on one
side of the screen and an empty space on the
other side, will subjects look more at the filled
space than at the unfilled space? In the seccnd
scene where the blank space is now filled, but
the information in the other half remains the
same, will subjects look more at the newly-filled
area? In reference to the above questions, will
there be differences in the viewing patterns of
subjects of different age and intelligence levels?

Sub Jects' responses were analyzed to the simplest type of
field possible, a blank space, versus &a more complex field with objects.
Regardless of age or IQ, subJjects look predominantly at the filled side
of the screen on the first scene. The density of the IQ groups is shown
in Figs. 18b and 18c. On the second scene, where both sides of the
screen are filled with objects, there are few differences in the view-
ing patterns of the respective age groups. All three groups spend
roughly half of their time looking at each side of the split screen,
although the Middle and Low Age subjects spend slightly more time still
looking at the origlnally-filled side while the High Age sukjects spend
more time on the newly-filled area.

In contrast, when IQ groups are compared, marked differences
occur. The High IQ group looks more at the newly-filled side than does
the Low IQ group. The Low IQ subjects look almost equally at both sides
of the split screen although they spend slightly more time still looking
at the originally-filled side. The comparison of IQ groups is shown in
Figs. 19b and 19c. Proportions of eye markers falling in these areas
for all of the different groups on the two scenes are given in Table XXVII.

A possible reason for the difference in 1Q groups on the second
scene may be that the right side of the first scene, 26.10, is fairly
complex since it has various objects appearing in it. The scene 1is also
brief as it lasts Tor only four seconds; Scene 26.20 also lasts for a
short time, five seconds. Low 1Q subJects may have had more difficulty
than the High 1Q group in coumprehending fully the stimuli 4n the ini-
tially half-filled screen before the other half of the screen was
filled.

83

O

Hie 93

Aruitoxt provided by Eic:



R Lhﬁ%mm!
‘7 -!#\

o

*

PATTTA

Wz

T ‘usaoaos

TTLGS

&l

IC

E

Aruitoxt provided by Eic:

41



highest density

it gecond highest density

........

i third highest density

Fig. 1Bb - Density for High I1.0Q.

L)

3

=

J

Sublects on Scene 246,10



highest density

second highest density

;iiiiisthird highest density

Fig. 18c - Density for low I1.Q. Cubjects on Scene 2. .10

’
o4

Q 96




POTTTL 3I9T-WEWY ‘usddds STT4r - wil "ol

PR A e
ol S AL

’ e -
R
LR PR : -
s R
) - S
R T T i VR VL

G

Q

IC

Aruitoxt provided by Eic:

E



Oc™ ¢ 3usdg uC s3dalqng "B I UATH 207 A3Tsudq - Q6T 513

AoTsuap 9ssyITY PLTYS SRR

Ra15USD 4e5YFTY puooos i

A RS- 2K % S

83
98




02°0g susd§ uo s3oafqng "V°I MOT 303 AqTSue@ - O6T “FTd

A3Tsusp 3SaYTTY PITYS -::10ii!

A9TSuUsp 459UBTY pUODIS i

£31suep 39U

50

99




ogY*o 025°0 160°0 606°0 a3y mMoT
T94%°0 6£6°0 GLT°0 6280 38y STPDPTIH
IMs°0 19, 3] 001" 0 006°0 a3y udTH
THh"0 655°0 00T°0 006°0 BI MO
809°0 g6 0 £02°0 Lo ¥I uBTH
aPTS 3397 SPTS UBTY 9DPTS 9T apTS uBTY comag\_ 59700

(POTTTYd S9PTIS Y3od) 02°9g 2uadg

(POTTTL 3PTS WITY) 0T"9C dUaS

S®aJw TENSTA

0c*92 pue 01°92

S9UB0G JO SBIIY TONSTA UO JutiTwd SISNIBW 247 JO suoTqxodoxd - ITAXX 2TQel

O

100

Aruitoxt provided by Eic:

E



O

Aruitoxt provided by Eic:

‘ERIC

Type and Number of Objects. Question 4: When only a single,
static object appears on the
screen, will subjects' eye markers
tend to cluster around this object
rather than being scat:erel through-
out the area of the screen?

This question is somewhat similar to the first part of the one
preceding in that all of the area surrounding the single, static object
is blank. Two scenes in which a simple object--a large drop of water--
appears in the center of the screen were used for this analysis. Analy-
sis of the water drop the first time it appears showed that 98% of the
eye markers fell on or immediately around it. The situation was quite
similar in the second scene with 94% of the subjects!' markers located
on the water drop.

In this instance, thz single object drew the attentlon of the
subjects. This indicates the effectiveness of placing only one object
at & time in the scene if focused attention 1s definitely needed. This
scene has the classification of Simple, Static, and Unicenter. When the
eye markers of the same group of subjects on another scene which has the
classification Simple, Static, and Multicenter were analy:ed, s quite
different pattern of viewing was evident. In the latter scene, 31.10,
the subjects had many density clusters; i.e., they looked at many places
on the screen. This indicates that the number of objects on the screen
does affect the pattern of viewing.

Movement. Question 5: On a scene in which it arpears that a
foreground object is slowly moving, will subjects
look in the area of movement more than in the seem-
ingly stable regions of the scene?

In the scene used to answer this question, the "slowly-moving
object" is a dramatized cold front moving toward a city. In actuality,
the cold front only gives the appearance of movement since the tackground
and city are moving instead. The foreground immediately below the front
does not move. It was thought that the cold front would induce track-
ing and thus the subjects' eye markers would appear on the front. Thirty-
two percent of the subjects' eye markers are found in the area of the
front. However, 34% of the markers sre located in the stsble foreground
region below the moving front and the city. Twenty percent of the eye
markers fall on the city and 1% on the moving background. Thus the
subJects divide their attention fairly well among the seemlngly moving
front, the stable foreground region below the front and city, and the
background and city which ar: actually moving. A surmary of the propor-
tions of subjects' eye markers which are found in the various obJect
areas is given in Table XXVIII and the density of subjects! eye markers
are shown in Fig. 20..
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Table XXVIIT - Proportions of Eye larkers
Falling on Visual Areas of

Scene 7.10
Visual Area Prorortions
Foreground G.340
Cold Front 0.321
City 0.197
Other (Backeround) 0.14%0

Movement. Question /: On a scene in which there are quick
transitions from subscene to subscene will the
subjects concentrate their attention on the center
of the screen rather than attempt to follow the
action? That is, does the "Surrender Phenomenon,"
observed in the pilot study, occur?

In the pilot study when an extremely fast-paced sequence was
used as the stimulus, the subjects attempted to follow the moving objects
when they first appeared but then this initial tendency was replaced by
a concentration only on the center of the screen, Since the subscenes in
that sequence were introduced by quick cuts, a sequence from the present
stimulus which was introduced in 2 similar manner was analyzed to deter-
mine if the subjects' eye-movement responses are similar., Analysis of
eye marker density data for these scenes reveals that subjects do look
predominantly in the central area of the screen. Ninety-four percent of
the eye markers are found in this region. It should be roted, however,
that in several of the subscenes the major object of interest is located
approximately in the center of the stimulus field. 1In the remainder, the
stimuli are scattered throughout the screen. The analysis of the pilot
data and the data from this study indicate that scenes introduced by
quick cuts which are dynamically complex elicit a central fixalion tend-
ency. Caution must be used in interpreting these data; however, since a
confounding factor is present.

Cues--Auditory. Question 7: On & scene where an auditory cue
is given, will the subjects concentrate more
heavily in the area referred to by the cue
than on other elvment- of the scene? Are there
differences in the eye-movement responses to the
auditory cue according to the inlelligence level
cf the subject?

To answer this giestion an analvysis was made of Scene 11,31
from Filoting and Control of an Airyplane in which the narrator s;yecifi-

cally directs the subjects to a particular stimalus area through the use
of an auditory cue. The suecific area to which the narrator refers

9
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’ is tha crossing of the narrator's finger and a pencil. The subjects for

' the mest part do not focus their attention on that region--it receives
only 19% of the subjects! eye markers. The subjects look more at various
]' aspe:ts of the plane that appears in the same scene. Sixty-five percent
! of the subjects' eye markers fall on the plane, as can be scen in
Table XXIX.

Table XXIX - Proportions of Eye Markers Falling
on Visual Areas of Scene 11.31

g

‘\\\\\Visual
Areas |pudio Cue Area Plane and Cockpit Other
Groups
Selected
Subjects 0.191 0.653 0.155
High
IqQ 0,125 0.823 0.051
Low
1Q 0.221 0.612 0.167

Wnen the difference between the High and Low Intelligence
groups is analyzed, it is found that there is no appreciable difference
in their viewing patterns. Relatively speaking, the Low IQ group does look
more at the particular area to which the auditory cue is directed than does
the High IQ group. Thne proportions of eye markers falling in this area
are 224 and 13%, respectively, for the two groups. There does seem to
be a rather appreciable difference between the two groups with regard to
vwhere the remainder of their eye markers fall. Eighty-two percent of the
High IQ subjects! markers are located in the region of the plane, whereas
61% of the Low IO subjects' markers are focused there with 174 of the
latter group's eye markers on other areas of the screen.

Generally speaking, a possible explanation of these results
could be that even though the narrator does direct the viewer to a speci-
fic area, the subject matter to which he is referring concerns elements
of the plane. This explanation might be an alternative to a simpler
interpretation--that aspects of the plane were more interesting to the
subjects,
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Cues--Visual. Question 8: On a scene where a visual cue in
the form of a superimposed word appears on the
screen, will the subjects concentrate their
attention more on the cue than on other elerents
of the scene? Uill there be differences in che
viewing pattern of incelligence grouns on this
scene?

This question is somewhat similar to the one immediately pre-
ceding except that this stimulus area is defined by a visual cue,
In a scene from I'iloting and Control cf an Airplare, the narrator is
demonstrating tlie "Pitch” of an airplane with the word "Pitch" super-
imposed on the screen. As with the auditory cue scene, the majority
(hl%) of eye markers fall within the area of the plare. This is true
for both the High IQ and the Low IQ subjects (55} and 51%, respectively).
Of the major stimulus areas of this scene, "Pitch'" receives the least
density of eye narkers., It is possible that the subjects did read the
word since it has only five letters and 14% of the markers do fall in
that area (see Table XXX). That many of the subjects did read the super-
imposed word is somewhat substantiated by comparing Scene 1L4.2 with Scene
14,3, These two scenes are the same visually except in the latter, the
word "Pitch" appears. Combining the stand area with the "Pitch" area,
since the stand area in 1h.2 includes the area where the superimposed
word appears in 1%.3, it may be noticed that there is a shift in emphasis
between these two scenes, As shown in Table ¥XXI, more eye markers are
centered in the stand and pitch area on Scere 1L.3 than on 1lh,. particu-
larly for the High IQ group. This shows that the superimposed word does
attract the attention of at least a few subjects.,

Table YO - Proportions of Eye Markers Falling on
Visual Areas of Scene 14.30

Vlsuakreas Plane Stand "Fiteh" Other
Groups
Selected )
Subjects 0.h12 0.395 0.13h 0.05%
High
19 0.5%0 0.239 0.150 0.058
Low
1q 0.514 0.251 0.083 0.1hg
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Table XXXI - Proportions of Eve Markers Falling on
Visual Areas of Scenes 14.2 and 14.3
for High and Icw IQ Groups

igh 1Q Low 1Q
Scene W2 13 b2 14,3
Plane 0.599 0.550 0.535 0.51k
Stand and

"Pitch" Aress  0.247 0.389 0.273 0.33h4

Other 0.153 0.058 0.190 0.149

Repeated Presentation of a Scene. Question 9: 0On tvC zcenes
vwhich are the same in visual
content but which are intro-
duced at different voints in
the stimulus film will the
subjects display similar view-
ing patterns on the two scenes?
Will there be different viewing
patterns exhibited by different
IQ and different age groups?

Comparisons were made on scenes with identical visual content
which were introduced at different proints in the sti:ndus film. This
was done to determine the constancy of the eye markers for identical
stimulus areas for (1) the total group of subjects, (2) High 1Q vs Low
IQ groups, and (3) High Age vs Middle Age vs Low Age groups. The scene
used to answer these questions is from an Ajax conmercial which has
three identifiable areas: (1) words on the right, (2) box with words on
the left, and (3) other (i.e., areas into which eye markers fall but
which are not definable by the {iwo major areas).

In the initial scene, all subjects seem to concentrate their

attention for a majority of the time on the words on the right side,
with 524 of their eye markers located in that area, Twenty-three percent

O
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of the eye markers fall on the box area with the rerainder falling on
"other." On the second identical scene, the words still draw slightly
more attention than the box area, receiving 40O} of the eye markers; how-
ever, the box area now seems to elicit greater interest than before
with 36% of the markers focused there.

The analysis of the viewing patterns of the IQ groups on the
first commercial scene shows the High IQ group to concentrate a great
portion of the time on the words ((O%) and relatively little on the box
(19%). ©On the second scene, the area receiving the most attention is
reversed for this group with 36% of their eye markers falling on the
words and 5G7 on the box. On the other hand, the Low IQ group's visual
pattern is fairiy constant with regard to the two scenes. Forty-twu
percent of their eye markers fall on the words in the first scene with
45% of them falling in this ssme area on the second. The Low IQ group's
response is similar with respect to the box area since the density of
their eye markers is 28% on this area in the initial scene and 31% on
the second. The differences between the IQ groups is shown in Figs.
23b-23c.

Analysis of eye wvarker concentration for varying age groups on
these two scenes reveals results similar to those of the intelligence
groups. The High Age group's eye markers fall on the words a great deal
of the time on the first scene (63%) with relatively little attention
given to the box (19%). On the second scene, the eye marker concentra-
tion on the words drops to 35% while the concentration on the box is
raised to L&Y for this group. In comparison, on the first scene the Low
Age subjects attend primarily to the words (L44%) with the box also
attracting their interest (344). On the second scene, their responses
remain fairly stable in that 43% of the markers are located on the words
and 35% of the markers are located on the box. The liddle Age group
manifests the same general pattern as does the Low Age group on the two
scenes, but to a much lesser extent. Thelr eye marker concentration
goes from & 4% density to a L2} density on the words and from 174 to
287 on the box.

If one were to exclude the lMiddle Age croup, the viewing
patterns of the High vs Low groups on both age anl IQ are almost iden-
tical. Considering only the data on the age groupings, there seems to
be a general tendency of a mobility of viewing to a stability of view-
ing on a repeated scene &s one proceads from older subjeclts to younger
ones. A similar tendency, althoush to a lesser deyree, is noticed with
regard to High IQ vs low IQ subjects.

A possible explanation for such results ray be that a time
factor is involved. Ferhaps it took the Lower IQ or age groups longer
to read the words on the right, and thus they still focused in this area
on the second scene. Ths High 1Q anifor fge groups ray have finished
reading the words on the first scene and the reappearing scene gave them
an opportunity to explore stinuli in the scene which they had not viewed
in the initisl presentation. The results of this analysis for the
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respective groups is glven in Table XIAIT.

Table XXXII - Frovortions of Fye “arzers lalling on Visual
A~eas of Sceres 17..0 a:d 17.60

Visual Areas - . ::f .
‘g\\\‘\\\~\\within Scere 17.30 : Scene 17.¢0

~~gcenes | i
Crours norags Box Otrer L OGS Box Other
511 Subjects 0.397 0.3%2 0.239

(@}
N
—
AN
S
Lo
<
Q
)
w
N

Hign IQ 0.0 (.194 ©.205 |0.355 0.557 0.088
Tow 1Q i o.h2o  w.278 0.302 {o0.bs1 0.313  0.235
High Age . 0727 0.193  0.180 [ 0.348  0.455  0.197

lMiddle Age ol 08 0,383 to.bkll 0,282 0.302

0,441  0.3uk 0.215 [ 0.431  0.347  0.z22
L | .

Low Age

Summary and Discussion of Results of the Density Analysis.
The density analysis was conducted to determine where the subjects look
on the visual stimulus. As in the pilot study, the subjects concentrate
their attention in a few well-defined aress in most scenes. Questions
were asked in the present stuly concerning what elements of the scene
affect this pattern of looking. The effect of the following elements
was considered: Nlovelty of the Objects, Type and hwrber of COvjects,
Motion, Auditory and Visual Cues and Repetition of a Scene.

Stuiies by Berlyne” and others have shown that Novel ob jects
attract the subjects® attention. !ovelty is also found in this study
to have a decided influence on the pattern of viewing. A series of
scenes (2.3-2.8) were analyzed to answer the question on novelty. 1In
scenes 2.4-2.8 only one new elecment is aidei to each otherwise unchanged
scene. Subjects look in the area of the new element more on Scenes 2.k-
2.7 then at any other arca of the screen. lowever, when the last scene
in the sequence--Scene 2.8-.appears, ths subjects' eye mersers scetter.
This may result from the fact that the scene has a number of elements
ani may be too "busy' visually thus distracting the subjects from the
new object., In emch scene, the new elerent is alsc slowly moving.
Purther research to determine if all novel objects, or only certain
types, attract the attention of sbjects might prove useful.

10

119



O

ERIC

Aruitoxt provided by Eic:

The respense of thz sunjechs to Lhe lust
suggests that the nwiber of objects iniflucnces the

2T NCE

mn.  This

is verified by the analysis of scenes with & vaoly 3! jects.
In one scene with only one central objeot--z2lascif B Static,
and Unicenter--subjects look at that object &pp:on: 2iv CF the
time. When & scene with many objects was analyze lessidisd 23 Simple,
Static and Multicenter--the subjects' eve-mov: ¢ rosponse:s ¢ aparetad

into a nuber of clusters. When producers wish Lo draw lefini-e atten-
tion to specific objects in a scene, reducing the rwuber of obiects
appears to bz an effective technique. Surrouniins the object Ly bdlank
space also appears to be effective as was cbsevved in the szene with the
one object, as well as the scene with the 3plit Serzon which has the
blank space on cne side.

In considering the type of cbject as it z{ic2ts the eye move-

ments, one guestion was concerned with & visilbile naryator. The question
face nore

than at any other area of the screen. This auectica is related to a
finding in the pilot study where subjects ofien stared at the narrator's
face to the exclusion of demonstration items. Since many films and tele-
lessons present concepts by means of a visible ncrrator, it was considered
important to check this finding with another sanple of suhjecls and a
different stimulus film. Several scenes with z ~visibvie rarrator were
analyzed. It was found that the subjects look pure often abt areas in
the scene other than the narrator's face including th: narcrator's tie
and torso, the plsne which is the object of deunnnstratin, ani the
narrator's hand and pencil when he is using them to deronstrate. This
finding shows that a narrator's face is not inhersnily arvcaling, tut
that the areas c¢f attention dependi upcon the ofi..v objects in tho scene.
It should be notei, however, that on Scencs 10,70 - here Lhe narrator has
not started to manipulete the plane anil 15,33, walcen s the lazsu sceone
in the sequence, a fairly large proportiorn o ‘he tiue (raning fvem
73% to UL%) {s spant on the areas of the Teoe :orbincd with tho tie and
torso. Thus & great portion of tire is :spent ¢n Lh: nerrstor. Irobmmors
should take this into consideration ani poseibl, climinste fhs visibie
narrator if the object teing demonstrated ic of w2 frportone:.

asked was whether the subjects would lock at the narratort's ’

One type of motion used by producers 1 taa
grouna moves instead of the foregrouni. In such seenes
appear to move when they are actuslly static. <ccene
in this study to determine if the reverse z-%iou dran
the subjects to the seeningly nmoving objeel--3 co0ld 1
a city. Subjects e&re not atbracted to the -vea ~f &y
more than to other sreas of the cereen. 1h: coala fron
the eye markers while the stable forcivounl aver inicid
front receives 3H%. Other areas, including th: -iby an .
also recesive 4% of the eye rarkera. This tecliiiase, U SRR S SRR
in AraviLg the subjectst attention cquaily to 39100 ;
screen., Thas this tvpe of motion does nut apreer
proiucers wish to drvaw the attention of (he out:
cbjcct. The enalysis of eve-morarent iwilocs =ncse Lhat notion signili-
cantly affeets liow Ao eobjircets view a somme. Pubure staiiss to consider
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the inilusnce of dirfr -nt types of mmution on Lot how and where the
subjects look would apprar to be quite fruitful.

An observation in the pilot stuly was that subjects tended to
look at “he center of the screen when a fast-paced sequenc: introduced
by quick cuts appesred. When a scene with quick cuts was :nzlyzed in
this stuiy, the same phenamenon occurrad. Subjerts looked in the center
of the screen almost exclusively. This may have Lz2n caused by the
central placement of cbjects in many of the scenes; however, several
scenes contained objects widely spread throughout the screen. Studies
which control for object placement and the quick cuts production tech-
nique are needed. Future reseacch should also consider whether the
subjects' tendency toward the center of the screen when such a sequence
occurs is a coping phenomenon or a withdrawal from a difficult task.
The subjects could be asked specific questions on their perceptions to
ascertain the effectiveness of the central pattern of viewing.

When the effects of a direct auditory cue and a visual cue in
the form of a superimposed word were snalyzed, it was found that these
cues only draw the subjects'! attention to the specific areas to a small
extont. Other types of visuals appear more effective than the superim-
pozed word. Research on the most effective type of auditory cue is
ineeded,

One aspect of the density analysis was & comparison between
High and Low IQ groups on many of the scenes. The most pronounced dif-
ference between these two groups occurs on two of the scene seguences
vhich have recurring elements: (1) the scene fram the Ajax cwumercial
which has words on the right and a box with words on the lelt and widch
aprears twice in the commercial, and (2) the Split Screen cequence which
tas one blank side and one side filled with objects in 5.10 and both
sides filled with objects in 26.20. On both of these seguences, the
Figh IQ subjects show a mobility of viewing in that they shif thadir
center of attention from the objects they viewed in the first scere to
cther objects when the second scene in each sequcnce appesrs. In con-
trast, the Low IQ subjects show a stability in viewing in that they still
lock rainiy at the objects viewed in the first scene when the second
scene of each seouence appears. The viewing pattern for both groups is
fairly consistent for these two sequences. The difference betweesn IQ
groups may he related to speed in responding to the stimulus. On the
scene from the Ajax comwercial, the High IQ subjects may be faster
readers and Lhus they were ready tc move to other stimuli the seconi
time the scene appeared. Similarly, on the Split Screen segquence, they
may have taken a shorter time to respond to the objects on the filled
side of the screen and thus were ready to move to the new objects which
were presented in 26.20. For the Low IQ subjects, the opposite may have
been true. This explanaticn appears to te the most plausible &lthough
snother possibility is that the Low IQ subjcets found certaln objects
more interesting than others ani thus those objects retained their astten-
tion lenger.
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Comparisons were also made on a few scenes between High Age,
Middle Age, and Low Age groups. The only striking difference occurs be-
tween the High Age and Low Age groups on the repeated presentation of
the scete from the Ajax commercial. On that sequence, the High Age group
responds with a mobility of viewing almost identical tc the Hizh 1IQ group
discussed above and the Low Age group responds with a stability of view-
ing almost identical to the Low IQ group. This response was also evi-
dent in the Split Screen sequence although not to as great a degree,
The same exPlanation of speed of reaction as well as interest could be
advanced for the difference in the age groups.

O
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CHAPTER 1V

CONCLIJSTONS

Siace this ressar~h was explora‘ory, any crnmclusions must be con-
sidered tentative. With this reserstion, the follouing cenclusions way
be drawn from the resvltes:

1. Data of childrea's eye movements gathered while they viewed
motion picture films and telelessons fall along a continuum
rather than in%» the dichctomy of fixaticns and saccades
reported by ey:-movement researcher in the field of reading.

Four fairly distinc’ intervals were observed in t™is continuum and
data were classified accordingly. Eye movements falliug into these
intervals were defined is folluws:

No Observ.ble Muvements (NOMS) 0-4.2 degrees/second
Minimoveriznts (FINS) 4.2-11.4 degrees/
second
Small Saccades 11.4-47.4 degrees/
second
Large Saccades Above LT.4 degrees/
second.

That these intervals are distinct is partially supported by some
of {he correlational analyses. For example, with intelligence as the
independent variable, NOMS show a negative correlation, MINS a positive
correlation, Small Saccades a negative correlation and Large Saccades
a positive correlation.

The eye-movemer* indices identified parallel, in large part, the
types of eye movements observed in the pilot study.

2. Age does not appear to be related to any great extent to
the subjects' eye movement:.

No significant relationship: we-~e found between the ages of sub-
jects and the types of eye movements they display. In sddition, the
age of the subject influences where 1.2 looks only on a few scenes. On
one sequence of scenes (Ajax commerciil) there is a marked difference
between the High Age and Low Age subj-cts, and on another scene se-
quence (Split Screen) slight differencss occur. Comparisons on these
scenes show a mobvility of viewing for re Migh Aze subjects and a ste-
bility of viewing for the Low Age subjccts. In other words, High Age
subjects shift their viewing to ditfere:t objects on the second scene
in each sequence while Low Age subjects viaw the same objects from scene
to scene.
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3. Intelligence is related to certain eye uwovenents of
sub jects.

The one predictor variable in the rultiple re.ression equations is
intellige.c with No Observable Movements and lMinimovements. For NOMS,
the relaticrship is negative and for MINS, the relationship is positive.
This finding verifiss a similar on: in the pilot study that a relation-
ship does exist between these eye-movement indices ard intelligence.

The direction of the relationships in the two stuiies is opposite, how-
ever, since NOVS correlated positively and MINS negatively with intelli-
gence in the pilot study. The indication is that the variable of motion,
i.e., whether the scene is Static or Dynamic, may have affected the
difrerence in direction of the relationship in the two studies.

On the density analysis, High and Low IQ subjects display differ-
ent pattecrns of viewing on the Ajax commercial sequence and the Split
Screen s2quence. There is a mobility of viewing from scene to scene in
each sequence for the High IQ subjects and a stability of viewing from
scene to scene for the Low IQ subjects.

b, Eye-movement indices are not related to the subjects'
lezrning on the stimulus films.

learning scores were obbained using two instruments, one which
tested the subjects' visual recognition of portions of various scenes
and the othe* which tested the subjects' recall and understanding based
upon the visual and auditory recall combined. Serarate regression
analys2s were run on each of the four eye-rniovament indices for both of
the learaing measures. In no instance did th2 lesrning scores add sub-
stantially to the prediction of the criteria. 1Yhis finding adds support
to a similar finding in the pilot study wheve test scores on recall were
not found to te related to the eye-movemeni indices.

S. Yarious stimulus variables have an cffect on the type of
eye moverients displayed as welil as the cbjects subjects

VieW.

The scene variable which has the most erfect on the type of eve-
roversnt indices displayel is motion., Dynarnic srcnes, when comparcd to
Stati: scenes, have fawer o Obsevvable lloverents, more Minimovemeuts,
more twall Saccades and more larie Satcades. Thus $renes with moving
objects induce more eye rovements than Htatic scinecs. Reweorsil sceres,
whon compared with No-Reversal scenes, also nducz fouwnr TQVS, more
1150, tore frall Saccades and more farce Saccades. Tharetore, they hiave
the sare effect on eye moverents as do Dynanie seoornes,

[/2 0

dovelty and Complexity Jdo not nave an inlluerce «n the tyves of
ey moverents subjects display, baut they Jou influcnze vhere the subjects
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look. Subjects look more at the novel object than at familiar objects
in the scene. However, when the scene becoames extremely camplex, the
subjects no longer look more at the new element. Rather, they divide
their eye-movement responses fairly egqually among all the objects in
the scene.

That Comvlexity or the nuber of elements in the field has an
effect on vhere the subjects look was evident when a scene with one
object, a simple field, was compared to a scene with several objects, a
camplex field. On the scene with one object which was surrcunded by
blank space, 98% of the eye markers were located on that object. When
a more complex field was analyzed, the eye markers were scattered among
the several objects.

Different types of scene classifications elicit different types of
eye movements. Scenes which were classified as Unclear, Multicenter
(with widely- spread objects), Unambiguous and having Indirect Auditory
Cues elicit more Large Saccades than scenes with classifications of
Clear, Unicenter, Ambiguous and having Direct Auditory Cues. Scenes
which are classified as Clear and having Arousal characteristics elicit
more Small Saccades than classifications of Unclear and Tranquil. Inte-
grative scenes have more NOMS and fewer MINS than Distractive scenes.
Other comparisons showed that Unicenter scenes have more MINS than Multi-
center scenes, and Ambiguous scenes have more NOMS than Unambiguous
scenes. Thus, various scene variables influence eye movements. The
most influential are the classifications of Dynamic-Static and Reversal-
No-Reversal. The eye-movement index influenced the most by scene vari-
ables is the Large Saccades. It appears from the data analysis that
scene variables are more influential than the type of film on eye-movement
indices.

115
O

LRIC 125



ERIC

Aruitoxt provided by Eic:

10.

il.

12.

13.

1k,

REFERERCEZ
Alpern, M., "Types of llovement," ir. The Eye, H. Davsor, (~d.),
New York: Academic Press, Vol. 3, (I3:2), 66-86.

Anderson, I. H., "Studies in the Eye lovements of Good and Fnor
Readers,” Psychological Monographs, 48 (1937), 1-35.

Berlyne, D. E., "The Influence of Complexity and Novelty in Visual
Figures on Orienting Responses," J. Exp. Psy., 55 (1958), 289-295.

Berlyne, D. E., "Supplementary Report: Complexity and Orienting
Responses with Longer Exposures," J. Exp. Psy., 56 (1958), 183.

Bhatia, B., "Eye Movement Patterns in Response to Moving ObJjects,”
Aviation Medicine, 28 (1957), 309-317.

Brandt, H. F., "Ocular Patterns and Their Psychological Implice-
tions," Amer. J. Psy., 53 (1940), 260-268.

Branit, H. F., The Psychology of Seeing, New York: The Philosoph-
ical Library Inc., (19L5).

Buswell, G. T., "Fundamental Feading Habits," Supplementary Educa-
tion Monographs, No. 21, Chicago: University of Chlcago Press,

(1922).

Dallenbach, K. M., "Position vs Intensity as a Determinant of
Clearness," Amer. J. Psy., 34 (1923), 282-286.

Enoch, J. M., "Effect of the Size of & Complex Display upon Visual
Search,” J. Opt. Soc. Am., 49 (1959), 280-286.

Faw, T. T., and Lunnally, J. C., "The Effects on Eye lovements of
Complexity, Novelty, anl Affective Tone," Perception and Psycho-
physics, Vol. 2 (7) (1957), 263-207.

Gilbert, 1. C., Functional Motor Efficiency of the Eyes and Its
Relation to Reading, University of California Publications in Educa-
tion, Vol. 11, lic. 3, Berkeley: U, of Cal. FPress, (1953), 159-231.

Gilbert, L. C., "Genetic Stuly of Eye l'ovements in Reading,”
Elementary School Journal, 59 (1958-59), 328-335.

(uba, Egon, and Wolf, Willavene, Perception and Television: Physio-
Jorsical Factors ot lelevision Viewing, Columbus, Ohio: The Ohlo
Ttate University Research Foundation, Final report submitted to

the United States Office of Education, Title VII Grant No. 7-L5-0u30-
178.0, 1974,

117

126



"Eye Yoverents o a Filot Iuring Aircraft
(&}

15. Llewellyn-Ihomas, E.,
space led., 34 (19037, ueb-ioo.

Landings," J. Aerosp

16. Llewellyn-Thouss, E., and Lansdown, E. 1., "Visual Search Patterns
of Radiologists in Training,"” Radiology, Wo. 2, 81 (197 3), 28R8-202,

;
o m

17. Mackworth, Norman H., and Kaplan, Ira 7., "Visual AVUItV When Eyes
Are Parsuing Moving Targets,” Science, 13¢ (l'ay, 19:2), 387-3&8.

18. Mackworth, Worman H., and Morandi, Anthony J., “The Gaze Selects
Infonratlxe Peteils Within Pictures," Perception end Psychophysics,
vol. 2 (1907).

19. Mconey, Craig M., "Recogaition of Novel Visual Configurations with
and without Eye Movements," J. Exp. Psy., 56 No. 2, {1958), 133-138.

20. DNunnally, J. C.; Stevens, D. A.; and Hall, G. ¥., "Association of
Neutral Objects with Rewards: Effect on Verbal Evalustion and Eye
lovements," J. Exp. Child Psy., 2 (1965), Lk-57.

21. Taylor, Earl A., Controlled Reading, Chicago: University of
Chicago Press, (1937).

22. Taylor, Stanford E., "Grade Level Norms for the Components of the
Fundemental Reading Skill,"” Huntington, N. Y. Educational Develop-
ment Lsboratories, {1959).

23. Tuddenham, W. J., and Calvert, W. P., “"Visual Search Fatterns in
Roentgen Diagnosis," Radiology 75 (February, 1901), 255-256.

2. White, S. H., and Plum, G. E., "Eye Movement Fhotography during
Children's Discriminative Learning,” J. Exp. Child Psy., 1 (16ck),
327-338. e

25. woodworth, R. S., and Schlosberg, l., Experirental Fsycholog
liew York: Holt, (1554).

25. Yarous, A. L., Eye Vovoment and Vision, lew York: Flenum Fress,
(1277).

27. Young, Laurence R., "Measuring Eye lloverents,” A, J. Med. Electron.,
2 (Cctober-Lecerber, 1943), 300-307.

28. 7usne, lLeonari, ani I1chels, Kenneth ., "lonrepressntational
“hapes ant Eye loverents,” Ferueptggl_ﬁgi Motor Skills, 18 (190L),
11-20.

118
ERIC 12

Aruitoxt provided by Eic:



e | hnaad ]

<
|ERIC

APPENDICES

119

128



APPENDIX A

LETTERS TO PARENTS

Below is a copy of the letters sent to the parents of one group of
surj=cts, the high school students, requesting permissicn for their child
to particirate in the experiment.

Dear Parents:

Some eleventh graders at High Scheol are being considered for
participation in a current research project sponsored by the United
States Office of Education and carried out at The Onio State University
by the Bureau of Educational Research and Service. The title of the
project is "Educational Television and Perception.”

With your permission, one dzy in the near future your child will be one
of a group brought from school to the University in a car driven by one
of the research staff for a complete eye examination at the University's
Optometric Clinic. You will be informed should the examination reveal
that your child needs corrective lenses,

Later in the spring a few youngsters will be returned to the University
singly for a two-hour period during which they will watch an educational
television program under controlled experimental conditions. During the
viewing the child will be wearing on his head an experimental apparatus
vhich will be fitted to him to assure maximum comfort. This apparatus
has been used previously with pupils in a similar study. If you have any
question regarding the research program, Mrs. de Groot of the research
stuff (phcne: CY 3-5078) will be glad to talk to you.

Your school principal, —____  and the —— Board of Education are
cooperating whole-heartedly in this project to examine how children
learn from visual presentations. Every effort will be put forth to make
this a Worthwhile experience for your child. Flease sign below to indi-
cate your approval and have your child return tie slip to his homeroom
teacher. Thank you.

Sincerely yours,

Willavene Wolif,
Division ot ,‘lanning and Methodology
Burea: of Fiucational Research and Service

P e L T T e T T T T T

1 hereby permit my child, —— . _..__ _ ., to participate
in the research project "Educational el vision and Perception.”
(8. ar 1)
1°1
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AFPENDIX B
OFTOMETRIC EXAMINATION SHEET FOR VISUAL SCREENING

Below are listed tte wvarious optametric tests conducted unon each
subject. The subject listed in the example was rejected from use in the
experiment,

Name : Age: 11 Sex: F

Address: Phone: _

Parent's Name:

School: _

Visual Acuity: O.D. 20/50 0,8, 20/60 0.W,__ 20/50

Color Test: Negative

Retinoscopy: 0,D.-1.25 = -0.25x60°

0.5,-1.75 sph

Ophthalomoscopy: Fundi normal-media clear
140

Phorias: eso, no hyper.

Supression: _ None

Ariseikonia: None

Cyclorphoria:  None

123
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APPENDIX C

THE CRITERION INSTRUMENTS: Visual Recognition (VR) and
Visual Auditory Recall (VAR)

After each experimental session, the post-tests were administered to
the subject. The two post-tests were based on visual recognition (VR)
and understanding and recall of the visual and auditory portions of the
films {VAR). A representative item from VR is presented below with the
instructions which accompanied the tests. There were 21 such items in
the test.

Figure 24 - A Representative Item from VR, Scene L.2

Instructions on YR: ‘this test will show some pictures like those
you have Jjust seen in the television lesson., You will see several pic-
tures at the same time. Choose the onc that ?3 most 1like what you saw
in the film, Make a mark on the answer sheet by blackening in the answer
space for the correct picture. Do this for each group. You must make
a choice for each question.
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VAR

A true-false test was constructed to evaluate the recall and under-
standing based upon the visual and auditory portions of the films combined.
This test is presented in its entirety following the instructions which
accompanied it.

Some of the following statements are true and some false.
If the statement is true, circle the "T" at the right. If
the statement is false, circle the "F". Do this for each
question, Answer each question. Please go as fast as you
can,

1. The atmosphere regulates the earth's temperature by absorbing T F
the cold air.
2., Clouds reflect sunlight back into space during the day. T F

3. The reason the eguator has more heat than the poles is because
the sun's rays are more spread out at the eguator, T F

4, Although the poles receive less heat from the sun, all of the

heat is absorbed. T F
5. The motion of air keeps the equator from getting hotter and

hotter. T F
6. Air masses do not mix gradually but at sharp boundaries. T F
7. Advancing "fronts" move from West to East. T ¥

8. At night clouds permit the earth's heat to pass right through
to outer space. T F

9., One of the major costs of using sea water for crop irrigation
is in purifying the water, T F

10. Less than one-half of the earth is covered with water, T F

11. The "water crisis™ will probably never be solved unless there

is co-operation among nations, T F
12. The earth's total supply of water is constantly decreasing. T F
13. In 1970 there were about six billion people on the earth, T F
14, The path of a single drop of water can be accurately
followed. T F
1206
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15. The film indicates that only small countries should co-operate
in utilizing the available water.

16, There is zs much water now as there was 100 vears ago,
17. Water is neceszary for all forms of life.
18. In the "water cycle" one-quarter of the water is in the air.

19. An axis can be thought of as an imaginary line around which
an object turns.,

20. The horizontal axis of an airplane runs from wing to wing.

21, The vertical axis may be found by Jjabbing a pencil into the
airplane and seeing where it comes out.

l 22. The axis line which runs from the nose of the airplane to the
tail of the airplane is also called "pitch,"

23. The "elevators" control the amount of rotation about the
airplane's horizontal axis,

24, If the elevators of the airplane go down, the nose of the
airplane goes up.

25. An airplane has three axes.

26, Water polluted by industry can be made reusable.

' 27. North America lies in a region of mild frontal activity.

28, Frontal waves help to cool the equator.
29. Rain is part of the water c¢ycle,
30. All of the axes of an airplane cross at one point.

31, All of an airplane's movement is around one of the two axes
lines which run through the airplane.

32. By the year 2000 there will be more than twice as many
people us there were in 1900,

n 33. The warm and cold air around the earth mix gradually.
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APPENDIX F

SUBJECT DATA

Sub ject Age in

Number __I_Q Months __V__R Xé.ﬁ

High IQ, 1 131 ele 15 25
High Age 2 123 195 18 26
3 121 203 15 28
High IQ, Yy 140 158 8 17
Middle Age 5 129 161 12 27
6 127 164 11 26
High 1Q 7 138 143 13 32
Lo% Age’ 8 127 143 15 26
9 120 138 1L 32
Middle 1Q, 10 11k 196 16 33
High A 11 111 201 11 2
€n Age 12 105 202 13 24
Middle IQ, 13 111 164 ik 28
Middle Age 14 108 161 12 21
15 107 160 10 19

Middle 19Q, 16 108 4k 17 2L
Low Age 17 108 1hh 7 20
18 106 1kl 15 2k
Low 1Q, 19 99 198 10 27
High Age 20 93 195 10 27
21 92 197 14 18

: Low 1Q, 22 99 165 13 23
Middle Age 23 96 159 7 20
24 93 162 8 16
Low IQ, 25 26 L1 14 20
Low Age 26 90 150 16 23
131
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APPENDIX H

TAPE AND DATA FORMATS

512
r=—=—<_,
’ " 37-L [~ = e = = e -1
! ° \ }
I S : l
Avg. Dia. gy
! / t . |
e\(xv) Tb— ¢ ! (x,/;) I
K wabk Lo 2 J
i | 1
0 512 106 Lo&
Original Scan Transformed
BIOCK LABEL FORMAT
Film Film Film Section | Missing Data Total
Seria) N° | Section N° Record N° Frame Count Frame Count
0 56 11 12 17 138 26 27 35
BLOCK 1 DATA FORMAT (Transformed Units)
Xy Yy X142 Yiz
0 89 17 18 26 27 35
BLOCK 2 DATA FORMAT
Error Avg, Dis.
u v Code Eyemarker Tan @
0 89 17 18 20 21 26 27 35
173
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Aruitoxt provided by Eic:

APPENDIX H (continued)

256 Film frames/record, 2 fixed length blocks per record, unused portions
of last block pair for each film section filled with zeroes., Data in
Block 1 packed 2 film frames/word. Data in Block 2 packed 1 film frame/
word. All data binary integer except tan ¢, given in 1's complement with
G bit fraction.

PRIMARY DATA TAPE FORMAT

BLOCK LABEL FORMAT ~ 2 words

Subject Film
Sequence N°| Section N° | Initial Frame N° | Final Frame N°
0 56 11 12 23 24 35
ext Subject | Next Film Next Next
equence N° Section N® |Initial Frame N° | Final Frame N°

BLOCK DATA FORMAT ~ 256 words

Index K° VMAG l VAHI ‘]7 Tag =2 ] V' X!

I ER 11 12 17 18 20 2 3031 35

Data packed 1 frame/word, 256 frames per block with the unused .ortion
of each block of a section filled out with zeroes. Data sequential by
ascending section N°s and by subject sequence N°s within sections,

VMAG units 3' arc. WAG > 377g (12°45') given as 377s.

VHI units €°. O < VIHI < 60 with VPHI = O indicating undefined direction
(VMAG = 0),

Bitg
Bitg

= O indicates VMAG and VIHI data present,

= 1 Missing. Missing VMAG and VIHI data given as zero,

x'y' units §° arc. with IR2 used as base register, address bits of packed
data word point to entries in 2Ux32 array, which corresponds to original
?timvlus)field (x'o to 30, y'5 to 23) with an extra unused column vector
x' = 31).
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Aruitoxt provided by Eic:

X' =

>
hij

xl

"

VMAG

VA1

0, y'=0 (00000g) Indicates missing data.

30, ¥' = 0 (00036g) Indicabes position external to field.
0, v' =23 (013405) Indicates position of corners.
DEFINITION

VMAG: = {(Xg1 - X1)% o+ (Yiq1 - Y1)7)%

Result computed as rounded integer

DEFINITION
VPHI; = TANTY {(Yy41 =~ Yi)/(Xg41 - X1))

Result computed as rounded integer



L
K . .
- Sk
e mem e .
S USSR L
- —_— q
e .
UL B
o N c

o

ERIC

A FullToxt Provided by ERIC

APPENDIX I
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DENSITY CLUSIERS HIGH AGE 3UBJ 2.3 3EFORT RAYS
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— —a—— @A RS MEEE W SN wees O oEEy M ey
C

NENSTTY PLLT HIGH AGE SuBJ SC 2.3 BEFORE RAYS

3
3 1 2 1
32 1 1
1 210 1 3 912
2 1 429 29 12 12 4
1 15 12 19 28 29 11
. 31 3. 71 22535
4 1 21 15 27 1 57
628 119 26 54 83
.68 B8 6 2 37453
i 1 3 3
18 1
9

18

14

b

59

217

.28 -

18

L2}

3

4
311
6 12
8 2
21 5
a

4 10
12 2
13 0
7 2
1 13
12 16
4 2
177

184

i

2
19 1
40 8 1
3221016
e 2 1
S 15
1 613
2 1
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APPENDIX J

OVERALL DESIGN
THREE FACTOR - REPEATED MEASURE

High 1@ S5

High Age Medium 1@ S5

Low IQ Sg

S10

High IQ Sll

S12

Sl3

Medium Age Medium IQ Sj)
315

Low IQ Sl 6
817
518

S
1
High 1Q Seg
Sp1

S22
Low Age Medium 1Q 5p

52

325
Low 1Q S2¢,

527




FILMS

SUMMARY TABLE

Source of Variation daf
Between Ss
IQ 2
Age 2
19 x Age i
Ss/IQ, Age 18
Total 26
Within Ss
Filus 3
Films x IQ 6
Films x Age G

rilms x IQ x Age 12
Films x 3s/1Q, Age 5l
Total 81

TNTAL 107

MS1qMss/1q, Age

MSpgeMSss/1q, Age

MS1q x Age/Mss/1q, Age

M8 piims MSFilms
MSpiims x IQ/MSFilms
MSFilms x Age/MSFilns

MSpilms x 1Q x Age/MSFilms

x Ss/IQ, Age
x Ss/Iq, Age
x Ss/IQ, Age

x SsfIQ, Age

180

186



