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VISUAL CONSPICUITY, VISUAL SEARCH 
AND FIXATION TENDENCIES OF THE EYE 

F. L. ENGEL 

institute for Perception Research, Den Dolech 1. Eindhoven. The Netherlands 

(Receiced 21 October 1973; in revised j&m 2 June 1976) 

Abstract-The cumulative probability of target discovery during search has been related experimenta& 
to the relevant “conspicuity area”, the visual field in which the target can be discovered after a single 
eye fixation. During search. ‘non-targets” were found to be fixated spontaneously in proportion to 
their conspicuity area. 

Further small spontaneous eye fluctuations are described that occurred, during determination of 
the conspicuity areas. in the direction of the target discovered. Their occurrence and delay depended 
on the target eccentricity and the size of the conspicuity area. 

The resuits emphasize the relevance of the conspicuity area to research on visual selection. 

Ker Worrfs-visual conspicuity: visual search; spontaneous eye movements; selective attention. 

(1) ISTRODUCTIO~ 

In looking around, our eyes perform a first selection 
of the generally large amount of avaiiable visual infor- 
mation. This paper has to do with the intriguing ques- 
tion as to what factors determine the subject’s choice 
of successive fixations. In particular we examined 
whether there is a relation between eye movements 
during search and visual conspicuity defined as the 
amount of prominence of a visual object in its sur- 
roundings. 

cuities of the test objects to their probability of tixa- 
tion under these two conditions. 

Earlier we had investigated certain factors that in- 
fluence visual selection during a singIe eye pause. We 
then specifically considered extemaI and internal 
determinants of selective attention; visual conspicuity 
was defined as an external determinant (Engel, 1971). 
We associated with each object in its background a 
so-called conspicuity area, the retinal field in which 
the object is capable of being noticed during a single 
eye pause, when the subject has no foreknowledge 
of its location. We proposed the size of this area as 
a measure of the conspicuity of the object in its par- 
ticular background. If presented within this area, the 
object has been assumed to be capable of controlling 
selective attention by its visual conspicuity. 

In Section 3 the conspicuity area determinations 
are described, the results of which we needed for the 
evaluation of the search experiments. Here we dis- 
covered a new phenomenon. It was found that 
although strict fixation of the display centre was 
required, there frequently occurred a small spon- 
taneous eye movement of about 0.7’ visual angle in 
length. in the direction of the discovered target. Since 
the characteristics of these “target-eye movements” 
supplied a new clue for understanding the way in 
which visual conspicuity influences eye movements 
and selective attention, some of their aspects are eva- 
luated in Section 4. In the tirst reading of this paper, 
however, Section 4 may be passed over. In Section 
5 we relate the conspicuity area data with the cumuia- 
rive probability of discovering the target as a function 
of search time, while in Section 6 we consider the 
tendency to fixation on the non-targets as a function 

Since eye movements are generally regarded as a 
bearing a relation to visual attention (e.g. Sanders, 
1963; Jeannerod, G&in and Pemier, 1968; Levy- 
Schoen, 1969a; Noton and Stark. 19711, it seemed 
logical to investigate more closely the possible con- 
nections between visual conspicuity and eye move- 
ments. For that purpose eye movements were 
recorded during the performance of a number of 
visual search tasks. In these experiments the stimulus 
always consisted of a random dot pattern as back- 
ground and two dissimilar disks as test objects (see 
Fig. 1). 

The observers were required to search for one 
specified test object, the “target”, and to avoid fixa- 
tion of the other test object irrelevant to the search 
task, the “non-target”. By anaiyzing the eye move- 
ments made, we were able to refate the visual. conspi- 

Fig. I. Example of the stimulus material used: Besides the 
background disks, the pattern contains a smaller and a 
larger test disk. The arrows, pointing to their locations, 
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of their conspicuity. Finally. in Section 7 there is a 
general discussion including a tentative diagram of 
selective information reduction. which is intended to 
provide a framework for the experimentat results 
obtained. 

(2) EXPERI,MEST.%L 

(1.1) Srimuli and nppnratus 

As already indicated in Fig. 1, the stimuli in the search 
experiments consisted of randomly located background 
disks. all of them identical, on a dark ground and among 
them two different test disks. For the conspicuity area 
determinations (Section 3), however, the patterns only con- 
tained one test disk, the target. In the stimulus patterns 
overlapping of disks was prevented by maintaining a mini- 
mum centre-to-centre distance of 1.5 times the diameter 
of the background disks. The stimulus patterns were pre- 
sented to the observer via a TV monitor screen. By shifting 
the fieid of view of the TV camera, one of the test objects, 
e.g. the target, could be located at any desired location 
on the screen, while the background pattern always com- 
pletely filled the display. By doing so. new stimulus pat- 
terns became available, in which the configuration of back- 
ground disks remained the same relative to the test object 
concerned. The observer was not much aided in his tasks 
by this fact. due to the random structure of the pattern. 

Series of such stimulus patterns shifted each time. were 
prerecorded on a video tape. The patterns were separated 
in time by a plain rest field with a fixation cross in the 
centre. In the successive exposures the pattern was shifted 
in such a way that the relevant test object occupied in 
random sequence all the intersections of an imaginary grid 
across the monitor screen. In the conspicuity area exper- 
iments of Section 3 we used a circular grid with 50 intersec- 
tions around the centre of the screen (Fig. Za). The grid 
size was roughly adapted to the expected size of the conspi- 
cuity area concerned. In the search experiments of Sections 
5 and 6, we used a rectangular grid with 6 x 8 intersec- 
tions that covered the whole display (Fig. 2b). 

In the search experiments, where two test objects were 
always presented simultaneous~y~ only the first was psi- 

Fig. 2. (a) In the conspicuity-area experiments the target 
object occupied in random sequence all the intersections 
of the indicated circular grid, the size of which has been 
adapted roughly to the expected size of the conspicuity 
areas concerned. (b) In the search experiments a rectangu- 
lar grid covering the whole display has been used. There- 
fore the probability of test object appearance was roughly 

constant over the screen. 

i a 
Fig. 3. Set-up for recording the stimulus material. During 
playback, clock impulses are counted up to an adjustable 
number (nb after which the video recorder is electronically 
switched into the insert mode, so that a new picture is 
recorded for &I sec. 1 = TV camera: 2 = video rape 
recorder; 3 = TV monitor: 4 and 5 = adjustable ~~1st: 

counter. 

tioned precisely on the selected intersection by alignment 
of the camera. In view of the requirement of a minimum 
distance between objects, the location of the second test 
object. determined by a different random sequence, \\as 
at the position of the background disk nearest to the 
seiected intersection. As the prerecorded stimulus series 
were presented more than once to the same observer. each 
series started with 5 extra stimulus patterns. used as dum- 
mies. Besides sercing to warm up the obszner, the: de- 
creased the possible influence of acquired knowledge con- 
cerning the first few target locations. 

By means of t-set clock impulses recorded in adrance 
on one of the sound tracks, and with the picture-insert 
facility of the video tape recorder (Sony IZOCEI. which 
did not erase these clock impulses during recordin% we 
were able to program the successive stimulus pattern 
durations in I-set multiples. The insert facility on the tape 
recorder supplied smooth joints between the successi\s pic- 
tures. Figure 3 gives an outline of the set up for rsco:ding 
the stimuli. 

The durations of the stimulus fields were 1 set each for 
the conspicuity area determinations (Section 3). while they 
were 4 set each in the search experiments (Sections 5 and 
6). The rest field durations were always 1 set each. The 
density of background disks was not changed; therefore 
the stimulus patterns aiways contained some 220 back- 
ground disks. At the maintained viewing distance of 57 
cm, the dimensions of the TV screen corresponded to 
22.3 x 16.8’ of visual angle, while the diameter of the 
background disks on the TV screen resulted in a visual 
angle of 0.55’. As test objects we used disks with diameters 
corresponding to the following visual angles on the moni- 
tor screen; 0.34’. 0.4j”. 0.63’ and 0.69’. These values were 
chosen such as to ensure a suitable range of conspicuit~ 
area sizes. 

For all disks the luminance was 11.5 cd m’, while it 
amounted to 0.45 cdrm’ for the dark ground and 0.34 
cd/m’ for the plain rest fields. The luminances were 
measured at the centre of the TV screen and at the eye 
position of the observer. Due to -‘vignetting” of the TV 
tube, all screen iuminances gradually decreased toaards 
the borders by some 15’“. Since the test disks were dis- 
tinguished from the background by differences in diameter. 
this shortcoming was considered to be of minor impor- 
tance for the &lings to be presented. 

The eye movements were measured by means of the cor- 
nea-reflection technique (e.g. Mackworth and Mackworth, 
1958). Figure 4 gives an outline of the setup that we used. 

Although vision was binocular. only movements of the 
observer’s left eye were recorded. This 5va.s done by direct- 
ing a near i.r. iight beam (2. > 770 nm) towards the left 
eve. This light was invisible to the observer. although not 
t; the i.r. sinsitive Silicon-Vidicon camera tube on which 
the reflected beam from the cornea w-as focmsed. The sig- 
nal of camera 1 was electronically mixed with that of 
camera 2 viewing the stimuli on monitor 9. r\fter suitable 



(2.3) r~~i~o~ffgy 

D = diameter test disk (ranging from 0.34” to 
0.69” of visual angle). 

DO = diameter background disks (0.55’ of visual 
angle). 

A = area of the display (22.3” x 16.8” of visual 
angle). 

L = length of eye saccade. 
5’ = number of events. 
n = cumulative number. 
Ped E cumulative probability of fixation, respect- 

ively of discovery. Fig. 4. Set-up for presentation of the stimulus material and 
for measurement of eye movements by means of the cor- 
nea-reflection technique: 1 = TV camera for recording the 
ir. cornea-reflection spot; 2 = TV camera for simultaneous 
record&z of the. stimuli presented: 3 = TV camera for 
registratron of the field numbers, for timing purposes: 
4 = video mixer; 5 = video tape recorder for the overtap- 
ping registration of the scene presented. the position of 
the cornea-reflection spot and the field number; 6 = moni- 
tor screen of the experimenter: 7 = number display, tri- 
gered by the vertical synchronisation signal of the TV- 
cameras: 8 = video tape recorder for presentation of the 
stimulus material: 9 = TV monitor for presentation of the 
stimuli to the observer; 10 = semi-reflecting mirror; 
11 = lens; 12 = signal light to be controlled by the 
observer; 13 = light source for generation of the comea- 
reflection spot; II = diaphragm, i.r. filter and lens; 
I5 = semi-reflecting mirror; 16 = lens; 17 = semi-reflect- 

Pd = proportion of discovered targets at a given 
eccentricity. 

P, = proportion of target eye movements for tar- 
get presentation at a given eccentricity. 

Pf = proportion of free eye movements for target 
presentation at a given eccentricity. 

Pi = single fixation probability of test object dis- 
covery. 

P.v = probability of target discovery at the Nth fix- 
ation. 

P(r) = probability of target discovery as a function 
of time. 

R = retinal eccentricity of target presentation. 
fi,, = size (average radius) of the conspicuity area 

at 50% threshold level. 

ing mirror: 18 = the observer’s eye. 

R* = normalized eccentricity = R/E,, 
P = effective size of the relevant conspicuity area 

during search. 
t 
i 

= (search) time. 
= average search time. 

Tfix = fixation duration, including duration of the 
corresponding saccade. 

calibration we were abie to match both TV signals in such 
a way that the position of the cornea reflection spot almost 
coincided with the observer’s fixation point. Systematic de- 
viations between both locations remained within 1’ of visual 
angle. the largest deviation occurring at the comers of the 
22.3 x 16.8’ monitor screen. By means of the obligatory 
fixations on the display centre, during the rest field presen- 
tations in between the stimulus fields, the measurements 
were corrected every 5 see for the possible occurrence of 
drift due to small remnants of head movements. We tried 
to eliminate these head movements, by using a forehead 
rest and a bite board with a dental cast of the observer 
concerned. Moreover much help was obtained from a 
back-head rest, thanks to which the observer was not 
required to clench his teeth on the bite board consistently. 
He could “hang” by his upper jaw and the back of his 
head, thus preventing iock-jaw. 

For identification and timing purposes, the successive 
TV fields to be recorded were labeled in the lower left 
corner with a serial number. This was done by focussing 
camera 3 on the digital L.E.D. display of a pulse counter 
that was triggered by the vertical synchronisation signal 
of the TV cameras. The TV system enabled us to sample 
the eye movements in 20 msec intervals. A push button 
enabled the observer to indicate the discovery of the target 
in the stimulus fields. This button controlled a small light 
signal that became optically mixed with the image from 
monitor 9 and so further inserted into the eye movement 
recordings (see Fig. 4). 

(2.2, Obserzws 
The experimental data to be presented were obtained 

from the observers TB and FE. Both were experienced 
observers with adequate vision without spectacles. They 
had natural teeth, which was important in view of the use 
of the bite board, for reliable measurement of the eye 
movements. All experiments reported were repeated by at 
least one inexperienced observer, being not always the 
same one, however. Their results were almost similar to 
the data to be reoorted. 
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AT = delay time between stimulus onset and target 
eye movement. 

AbT! = delay time between stimulus onset and free 
eye movement. 

AT = delay time between stimulus onset and the 
manual light-signal response. 

(3) CONSPICUITY AREA DETERMINA’XlONS 

In the experiments to be described in this section, 
the observer was instructed not to move his eyes. He 
had to fixate a small continuously visible cross in 
the centre of the screen and when the stimulus pattern 
appeared, to indicate with the push-button switch if 
he discovered the target object. After finishing a com- 
plete series of stimulus patterns, in which the same 
target object appeared in random sequence once on 
each of the 50 intersections of the imaginary circular 
grid (Fig. 2a) around the fixation cross, the extent 
of the corresponding binocular conspicuity area was 
obtained. For improvement of rehability each series 
has been displayed 4 times to each of the observers. 

As we aimed at relating the conspicuity area results 
to the search experiments to be described in Sections 
5 and 6, the conspicuity area determinations were per- 
formed in the same cornea-resection set up. ?his pro- 
cedure moreover offered the possibility of gaining in- 
formation about the accuracy of fixation. 

(3.1) Experimental results 
Figure 5 gives for both observers the averaged pro- 

portion Pd of targets discovered, as a function of the 
eccentricity R of target presentation. The lOOo/, level 
in Fig, 5 corresponds to 40 target discoveries, since 
each stimulus series with 10 target presentations at 
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-R -R 

Fig. 5. The proportion (PdJ of discovered targets as a function of the eccentricit! (R) of their presentation 
relative to the central &anon cross. for two observers (TB and FE). The diameter (D) of the target 
disk has been taken as parameter. The diameter of the background disks D, = 0.55’ visual angle. 
The vertical bars indicate the experimental estimate of the SEX The omission of such a bar at 
certain data points (e.g. for TB at R = 6” for D = 0.69’) indicates that the estimated standard error 

equals zero. 

the same eccentricity (Fig. ?a) has been displayed 4 
times. 

The eccentricity at which jC&, of the targets, pre- 
sented in 10 directions, were discovered. has been 
taken as the size (&,) of the (binocular) conspicuity 
area. Figure 6a gives values of &, calculated by 
means of Iinear regression technique from the relevant 
data points in Fig. 5. In Fig. 6b these values are pIot- 
ted against the absolute difference in diameter 
between the target and the background disks. 

(3.2) Discctssion 

As indicated in Fig. 6b, the size 8,, of the binocu- 
lar conspicuity area increases about linearly with the 
absolute difference in diameter between target disk 
and background disks. Taking into account the rela- 
tively small range of diameter differences used, this 
result is qualitatively in line with the data of earlier 

IO" 

i ii,,- 0.2 + 31 lO..O,l 

ok 
0 0.2 0.C 

-lo-D01 

Fig. 6. (a) The size (x,,) of the binocular conspicuity area 
for different target diameters (II): Do = 0.55’ visual angle. 
@) The size (&,) of the conspicuity area against the abso- 
lute difference ID-Do/ in diameter between the target and 
background disks. The relation can be approximated by 

the indicated linear regression function. 

monocular conspicuity- area determinations (Engel, 
1971). There namely over a much larger range of dia- 
meter differences, we fitted the data to a logarithmic 
function of the “contrast” in diameter 
(logi(D -Da) &,I). The data do not quantitatively 
agree however. probabh because of differences in ex- 
perimental circumstanc&. For instance. in the earlier 
experiments the background disks were much larger 
(r>, = 3.5’). The other factors that possibly contri- 
buted to this discrepancy; were the differences in expo- 
sure time and in the lummances applied. while in con- 
trast to the earlier monocular presentations the 
stimuli were now presented binocularly. 

Due to the simultaneous measurement of eye move- 
ments during which speaking was impossible, the 
observer had to respond with the signal light only. 
Therefore we had no direct check on the correctness 
of the responses obtained. We accepted this short- 
coming, since the reproducibility of the results was 
reasonable; in Fig. 5 the vertical lines through the 
data points indicate the standard errors of the means. 
The rather extended transition regions depicted in 
Fig. 5 mainly result from the generally non-circular 
shape of the conspicuity areas (see e.g. Engel, 1971). 

During the brief (SO msec) stimulus exposures of 
earlier conspicuity area determinations (Engel, 1971, 
1974, practically no eye movements occurred. How- 
ever, during the longer (1 set) exposures used this 
time, a small to-and-fro eye movement was frequently 
observed in the direction of the target discovered. In 
the following Section 1. we shall go somewhat further 
into the properties of these small “spontaneous” eye 
movements. since they depend on the conspicuity of 
the target used. As mentioned earlier. Section 4 may 
be passed over in the first reading. its essence being 
the finding that the occurrence and corresponding 
delay of these eye movements depended on the target 
eccentricity and on the size of the corresponding con- 
spicuity area. 

(4) SPOWLYEOLS EYE ,MOvEMEENTS 

Although our observers did their best to maintain 
fixation on the marked centre of the screen. neverthe- 
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D = 0.69" 

Fig. 7. Typical characteristics of the spontaneous eye movements made by FE in the 0.69’ target 
situation. (a) Proportion (P) of occurrence of spontaneous eye movements in percentage of the total 
number (40) of targets, presented at the indicated eccentricity R. P, concerns target eye movements 
while Pr concerns free eye movements. For comparison purposes, P, the proportion of discovered 
targets (from Fig. 5) has also been plotted. (b) The delay time AT, between stimulus onset and target 
eye movement and the delay time AT, between stimulus onset and the light-signal response of the 
observer against the retinal eccentricity (Rj of target presentation. The results at R = 6” and R = 7.5” 
visual angle are not very reliable in view of the paucity of events at these eccentricities (see P, and 
P, in Fig. 7a). (c) Frequency polygons of the delay time before occurrence of a target eye movement 
(t.e.m.) and before occurrence of a free eye movement (f.c.m.), X indicates the total number of events, 
(d) frequency polygons of the eccentric fixation duration (l;J after target and free eye movements. 
(e) frequency polygons of the length (L) of the target and free eye movements away from the centre. 
and (tf frequency polygons of the saccade Ienghs (L) towards the centre after target and free eye 

movements respectively. 

less rather frequently a small spontaneous eye move- 
ment occurred some 400 msec after onset of the 
stimulus pattern, mostly in the target direction. 
Usually this spontaneous saccade was followed about 
200 msec later by a second small movement back 
to the fixation centre. If the first saccade was in the 
target direction, we called it a “target eye movement”, 
we named it on the other hand a “free eye movement” 
if it occurred in another direction. The target eye 
movements, with an average length of about 0.7’ of 
visual angle, were too short to reach the target. 
Nearly all target eye movements were followed 
roughly 300 msec later by the light signal, indicating 
the discovery of the target. 

Most times our observers were unconscious of their 
spontaneous eye movements. As far as they were 
aware they felt that they had made a target eye move- 

ment before they realized it. As a typical example, 
characteristics of such spontaneous eye movements 
are given in Fig. 7 for one experime‘ntal situation. 
In view of the newness of this phenomenon, the 
graphs given in Fig. 7 will be considered more exten- 
sively in this section, together with other relevant 
data. 

(4.1) Occurrence 

As a function of target eccentricity Fig. 7a gives 
the proportion (P,) of target eye movements and the 
proportion (P,) of free eye movements that occurred. 

The 100% level corresponds to 40, this being the 
number of target presentations at the eccentricity con- 
cerned. The eye movements have been classified 
according to their direction. Movements deviating 
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less than IS’ from the true target direction were con- 
sidered to be “target eye movements’*. the others were 
taken to be “free eye movements”. 

The chosen vntue ot’ p Id‘ corresponded to the division 
ill’ the circular grid (Fig. ?a). which facilitated the read-out 
of the recordings. Moreover, it prev-ented distortion of our 
results dus to the occurrence of deviations in eye move- 
ment direction. which appeared to depend systematically 
on the direction of target presentation. Movements in the 
top right or left directions for instance. were frequently 
rotated somewhat counter clockwise, while downward 
movements were often slightly rotated clockwise. These 
systematic changes in direction fit in with the curvatures 
of saccadic eye movements described by Thomas and 
O’Beirne (1967) as a function of saccdic direction. They 
suggested that these curvatures. which were also found in 
our eye movement recordings. are due to a non-simul- 
taneous innervation of the extra-ocular muscles. 

Although matching of the cornea-reflection spot 
with the fixation cross was not always perfect, the 
fluctuations of the eye could be detected relatively 
easily. The spontaneous eye movements especially 
deviated in dynamic aspects from the slower move- 
ments, rg, of respiration. The structure of the over- 
lapping sttmulus pattern also facilitated the detection 
of these moi-ements. Repeated read-out indicated that 
our detection of these eye movements was reliable. 
A relation appeared to exist between the occurrence 
of these target-eye movements and the discovery of 
the target. To illustrate this. the relevant conspicuity 

75 
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Fig 8. As a function of the normalized eccentricity R’, 
the proportion of discovered targets (PJ and the propor- 
tion (P,) of target eye movements. Linear regression lines 
have been drawn to indicate their relationship. The coefh- 
cients of the corresponding equations have been truncated 

in accordance with their statisticaI reliability. 

Fig. 9. Assuming that the ratio of the smallest to the lar- 
gest eccentricity of the conspicuity area remains similar 
with increase in size (a : c = b : d). see the upper drawing, 
it follows that the corresponding borders can be 
approached by straight lines intersecting the Pd a-Us at 
the same point, see the lower drawing. It implies that these 

lines can be normalized through R* = R,&,,. 

area data from Fig. 5 has been redrawn in Fig. 7a. 
In fact, in 90% of the times that such a target eye 
movement occurred, the signal light switched on some 
300 msec later, indicating the conscious discovery of 
the target object. The relation between Pd and P, is 
more fully apparent in Fig. 8. where we plotted alI 
conspicuity area data, as given in Fig. 5. as well as 
the fractions of occurrence of the corresponding tar- 
get eye movements, against the normalized eccentri- 
city: 

R* = R/i?,,. (1) 

The fractional normalization supplied a better mutual 
tit of the data for the differeg test objects than a normah- 
zation according to (R - R,,,). This corroborates the 
suggestion given in Section 3, para. 2, that the relatively 
large transition regions in Fig. 5 are mainly due to the 
non-circular shape of the conspicuity areas. Namely, if we 
assume an approximatively unchanged shape with.inerease 
in size, i.e. a constant ratio of the smaIlest to the hugest 
threshold eccentricity, it can be shown by means of the 
similar triangles in Fig. 9. that the transition region in- 
creases in proportion to the size of the conspicuity area 
so that here a fractional normalization meets our needs. 
According to a first order approximation, as given by the 
linear regression lines and the corresponding equations in 
Fig. 8, these target eye movements occutxed in the caSe 
of our two observers in about 30-4Oy, of the times that 
the test object was discovered. 

As to the free eye movements, their propottion of occur- 
rence (PI) appeared to be rather low and independent of 
the eccentricity of test object presentation (see Fig. 7a). 
perhaps they were related to certain background objects, 
which were sometimes presented quite close to the fixation 
centre. We couid not tind a systematic origin, however, 
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Fig. 10. The delay time AT;, before occurrence of a target 
eye movement, and the delay time AT, before occurrence 
of the observers response with the light signal. plotted 
against the normalized eccentricity R*. The overall linear 
regression lines plotted emphasize: (a) the increase in delay 
with R* and (b) the constant difference between AT, and 

AT, 

except that they were related in time to the onset of the 
stimulus pattern (Fig. 7~). 

(4.2) Delays 

In Fig. 7b we plotted against target eccentricity R, 
the delay A?; between stimulus onset and target eye 
movement and the delay A.T, between stimulus onset 
and the light signal response. Both delays increased 
with R, the difference between them being almost con- 
stant. In relation to Fig. 7b it should be remarked 
that the indicated delay times at R = 6.0’ and 
R = 7.5’ of visual angle are less reliable because of 
the small number of events (see Fig. 7a) over which 
an average has been taken. Virtually all our delay 
time data showed the two mentioned tendencies. 
Moreover, the increase with R appeared to depend 
on the size i?,,, of the conspicuity area concerned, 
larger areas giving. on the whole, shorter delay times 
as well as smaller increases with R. These effects could 
be summarized by plotting them against R* = R/E,, 
(Fig. 10). The overall linear regression lines plotted 
through the data in Fig. 10 stress the increase in delay 
with R* and the constant difference of 250 msec for 
TB and 300 msec for FE between AT, and A?;. 

The results presented needed no further correction for 
the inherent opto-electronic delay of the TV camera sys- 

tem, since all three signals (the stimulus onset, AT; and 
AT,) appeared to be delayed about equally. viz. the 
duration of one TV field (20 msec). 

It should be noted that the AT values are not regular 
reaction times because we did not explicitly ask the 
observers to control the light signal as fast as possible. 
However. we do not believe the difference to be large in 
practice since the experimental set up forced them to react 
rapidly in order to be in time for the next stimulus presen- 
tation. 

Two hypotheses are conceivable as to the nearly 
constant difference in delay time between the onset 
of a target eye movement and that of the correspond- 
ing manual light response signal. The first is that both 
motor actions are initiated at the level of target recog- 
nition, so that the difference in delay would be the 
result of a difference in transition time. The second 
is that the target eye movement had been initiated 
already at the moment that the target triggered selec- 
tive attention (see also Fig. 19) and that the push-but- 
ton action started after target recognition. which is 
supposed to occur later. In view of the relatively large 
difference in delay. we consider the second hypothesis 
to be more credible. This would imply that AT relates 
to the conspicuity of the target object, as will be later 
shown to be the case indeed (Fig. 1 I). 

An outstanding aspect of our delay-time data is 
their relatively large increase with increasing R*. For 
instance. in Fig. 10 for FE, A7; increases about 250 
msec in the transition region approximately lying 
between R* = 0.4 and R* = 1.6 (see Fig. 8). which 
corresponded for E,,, = 2.0’ (observer FE. D = 0.45’) 
to a difference in eccentricity of 2.4’ of visual angle 
only. Since the conspicuity areas are non-circular in 
general, even sharper increases in delay time are to 
be expected for single direction data. The data in Fig. 
10 specifically represent results obtained by averaging 
over 10 directions. The small amount of data avail- 
able for each direction separately does not allow us, 
however, to check this point reliably now. Schiepers 
(1974). who investigated word recognition in eccentric 
vision found a comparable value, viz. 150 msec/deg 
visual angle, for the increase in vocal response latency 
against eccentricity of word presentation. 

The increase in delay time, reported in the litera- 
ture as a function of the retinal eccentricity for single 
objects on plain backgrounds are much smaller. Bartz 
(1962) reported, for instance, for a 30’ difference in 
eccentricity about 50 msec difference in eye movement 
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Fig. 11. The arithmetic mean (AT) of the delay times 
before occurrence of a target eye movement. against the 

size (i?,,,) of the corresponding conspicuity area. 
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latency. while regular pushbutton reaction times 
yielded on the average some 30 msec diffsrence for 
a 30‘ difference in eccrntricity with respzct to the 
fovea IRains. 1963; Pain2 1966). Thr authors used 
isolated objects with luminance-contrast values well 
above threshold. In view of the results of our earlier 
work (Engel, 1971. 1974). it may be assumed that 
these isolated objects possessed reIativ.ely large con- 
spicuity areas. so that their object presentations were 
of course located within the corresponding conspi- 
cuity areas. Our data can then be taken to agree with 
their results, since the predicted increase in delay tim2 
from 0 towards R* = 0.1, obtainable by extrapolation 
of the regression linzs in Fig. 10. is at most about 
SO msec. For 6’-horizontal target steps. as a function 
of target luminance and contrast, Wheeless. Cohen 
and Boynton (1967) found the saccadic reaction time 
to vary from about 450 msec at threshold levei to 
about 250 msec for much higher levels. Their data 
roughly correspond to our delay times found for the 
transition region, 

Let us now consider Fig. 7c, where we have plotted 
separately for target and free eye movements the fre- 
quency polygons of th2 time lapse AiT between the 
stimulus onset and the moment of occurrence of these 
sy2 movements. The target eye movements occurred 
on average earlier than free eye movements. All our 
results showed this tendency significantly. Moreover, 
as already touched upon in relation to Fig. 10, the 
mean over the transition region obtained AT; values 
for target eye movements decreased with increasing 
Rj,. In Fig,11 this is shown by plotting the arithme- 
tic mean (AT) of that delay against 8,,. In connection 
with the How diagram in Section 7, para. 2, we shall 
there propose an explanation for the decreasing AT; 
with increasing BjO and decreasing R*. 

No significant dependence of the mean delay AFT 
on Kj, was found for the free eye movements. For 
these movements ATf equalled about 0.52. set, which 
is relatively long compared to the values obtained 
for target eye movements (Fig. 1 I). 

(4.3) Correcrice c7ctions 

Frequency polygons for the off-centre fixation 
durations (,T&), following the taqet and free eye 
movements are given separatsly in Fig. 7d. The means 
of these polygons neither differed significantly from 
sach other, nor from the values obtained with the 
other target objects. For TB the averaged Tri, 
amounted 0.34 sec. for FE this was 0.71 s2c. These 
values are in general smaller than the A7; values men- 
tioned in Section 4, para. 7, which is perhaps a result 
of foreknowledge with respect to the location of the 
display centre. Another inte~r2ta~ion is that the tar- 
get eye movements are the result of a difference in 
time of arrival of the command for a spontaneous 
target eye movement and a reaction command both 
for interrupting and correcting the undesired move- 
msnt. The latter interpretation seems supported to 
som2 ext2nt by the fact that these saccades from and 
towards the fixation centre were relatively small and 
that their length distributions were almost similar for 
all test objects used, for target as well as for free eye 
mov2me~ts. 

As an illustration of these similarities, frzquency 
polygons of the length distributions for one target 

~ILZ and one obseri-sr ~2 @v-en for th2 saccades from 
the fixation c2ntr2 auav- (Fig. 7s) and for the saccades 
back to this centr2 (Fig. 71). Ths av2rag2d m2dian 
~~UIZ of ths overall distributions amountsd to 0.3’ 
of visual angle for TB and 0.6. for FE. 

In contrast to the conspicuity area experiments de- 
scribed in Section 3. thr observer was this time 
atlowed to move his sy-es during the stimuius pattern 
presentations which now lasted -I set each. Only dur- 
ing the ~-SK rest tirlds. ahich separated the sub- 
s2quent stimulus pattsms, h2 had to fisate ths ccntre 
of the screen for calibration purpose. W’h2n he disco- 
vcred the r212vant t2st object he had to indicate this 
by means of ths light signal. The stimulus patterns 
aiways contained two diK2rent test objrcts, one larger 
and the other smaher than thz 0.55‘ background disks 
(Fig. I). In this way- two different szrizs of stimulus 
patterns vvers made a~ailabie on video tape, see Sec- 
tion 7. para. 1. On2 &es had a relatively conspi- 
cuous larger test objsct (D = 0.69 ) and an inconspi- 
cuous smallzr one (D = 0.45 I while the other series 
had an inconspicuous larger objsct (D = 0.63 I and 
a relatively- conspicuous smaller t2st object 
(D = 0.34’). In four subsequent sessions thr observers 
wert? instructed to ssarch in turn for one of these 
four test objects, the target. and to asoid fixation on 
the other tsst object irrelevant to ths present s2arch 
task, the non-target. Ths discovery of the targst was 
taken for granted w-hzn both the light signal appeared 
and the obssrver fixated the t2st objscr. thz latter 
b&g an almost spontaneous reaction whsn he indeed 
discovered it. 

Figure I? gives for both obsrrvers, the cumulative 
polygons of the number (tr) of targets discovered 
against search time (cl. i.e. the time elapsed between 
thz stimulus onset and the moment of target fixation. 
The four experimental functions correspond to the 
four different targets used in the successive sessions. 

With regard to the theoretical description of the 
experimental data in Fig. 13. w2 shall now consider 
two somewhat extreme possibilities of the way our 
observers could have performed their search tasks. 

The first is ths assumption of --systematic search”, 
which is in a way comparable to sampling without 
replacement. It means that the observer avoids rcexa- 
mination of arras already searched over. In an ideal 
slarch pattsm of this type them is no overlap of the 
tonspicuity areas, thought to b2 centred around the 
locations fixated. .&s a cons2quznce the probability 
(P.Vv) of discovering the target at the Nth fixation 
equals the single fixation probability (PII of tawt 
discovery. so the ratio of conspicuity arsa over dis- 
play area; given as a formula: 

P, = P, (7) 
for 1 ‘: .V $ LP,. Thus, required search time will be 
finite her2 and the cumulative probability (Pcd) of tar- 
get discovery will bs dsscribed by a linear function 
of search time (ii: 

P,,cri = P, ,f T!,, (31 

for 
T,,, 5 I < fi,, Pi. 
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Fig. 11. For the observers TB and FE and the four different targets (with diameter D). the cumulative 
polygons of the number (n) of targets discovered against search time (0. The dotted line at n = 48 
indicates the maximum number of targets, that couid be discovered in a singtr series of stimulus 

patterns. 

In this formula r&, corresponds to the number of 
fixations in f set of search. 

The second somewhat extreme possibility is the 
assumption of “non-systematic search”, i.e. search by 
means of independent fixation positions over the dis- 
play. Here the observer forgets as it were his previous 
fixation locations. In that case the probability of target 
discovery at the Nth fixation decreases according to: 

P,y = P,(l - Pi)\-_l. (4) 

The cumulative probability of discovering the target as 
a function of time then becomes: 

Pcd(f) = 1 - (1 - plflirlir = 1 - e-” (5) 

with 

for 

Q = (- IjT,,,)ln( I - P,) 6) 

t 2 Tr;i,. 

The functions (3) and (5) gught to have the same in- 
itial slope. since for t = Tfi,, Pcd equals P, in both 
cases. 

For comparison Fig. 13 gives the functions (3) and 
(5), fitted to one of the experimental curves of Fig. 
12. 

Apparently our experimental data are approxi- 
mated better by the assumption of non-systematic 
search, corresponding to a description by means of 
equation (5). This finding has been corroborated by 
the results of others (Krendel and Wodinsky, 1960; 
Bloomfield. 1972). Also our further experimental 
cumulative distribution data were described reason- 
ably well by exponential functions. The matching was 
done by applying linear regression calculations to the 
experimental data, which have been plotted for that 
purpose in Fig. 14 on a semi-logarithmic scale in 
accordance with: 

1 n 
-48 

= 1 - prd = e-“. (7) 

Knowing the mean number of hxationsjsec (l&J 
during search, P, values could be estimated by means 

regression lines. (~athemati~l~y estimating Pr from 
the non-cumulative distributions would be less con- 
venient.) Since the successive target locations in a 
stimulus series were homogeneously distributed over 
the display area (Fig. Zb). the effective size p of the 
conspicuity area during search. assumed to be circu- 
lar, followed from 

p, = F;, (8) 

In this formula .-I stands for the area of the display. 
In calculating the regression lines in Fig. 14 we 

assumed P& = 0 for 0 I t 5 0.2 set, since the mini- 
mum time needed before discovery of the target and 
the accompanying saccade towards it, required at 
least some 200 msec (see Fig. 7c in relation to this). 
The precise value chosen for this delay is, however, 
not very critical with regard to the P, values derived 
from the experimental data. 

Let us now compare the sizes w,,, of the conspi- 
cuity areas as obtained by means of single-fixation 
exposures (Section 3), with the effective sixes, p, deter- 
mined by means of the cumulative probabilities of 
target discovery. As can be noted from Fig. 15, the 
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Fig. 13. One of the experimental functions given in Fig. 
12 (FE. 5 = 0.69’) approximated both, by a linear function 
of search time implying the assumption of systematic 
search, and by an exponential function of search time im- 

of equations (6) and (7) from the slopes of these plying the assumption of non-systematic search. 



Fig. 11. The cumulative number (tz) of target objects dis- 
covered as a function of time (0, plotted according to equa- 
tion 17) on a semi-logarithmic scale. The &ectlve size p 
of the conspicuity area during search can be derived via 
equations (7). (6) and (81 from the slope of the relevant 

linear regression line. 

regression coefkient of p on Kj* is smaller than 1; 
in fact the value calcuiated over the data of the two 
observers amounted to 0.67, the correlation coefficient 
being 0.93. A larger regression coefficient (0.8) can 
be obtained indeed by forcing the regression line 
through the origin. 

In formula (8) we assumed the conspicuity areas 
to be circular. However. in reality the conspicuity 
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Fig. 15 The relationship betu-ren the sizes (K,,,) of the 
conspicuity areas. obtained through single fixation etimu- 
Ius exposures and the etTective sizes (p) during search. 
determined from the cumuiative probabilities of target 

discovery. 

areas are non-circular in general. Therefore slightiy 
larger values for the average eccentricity, p. of the 
area border will be obtained for the same area, but 
different in shape, if allowance is made for this fact. 
Further possible reasons for p found to be smaller 
than Rjo will be mentioned in the general discussion 
(Section 7, para. If. 

Finally, Ti, showed no significant correlation with 
7i,, (see Fig. 11). The overall value of TiX amounted 
to 0.35 set for TB and to 0.79 set for FE. 

(6) SPOXTXNEOL-S FIX4TIOM 

During search for the target, there appeared to be 
a tendency for fixation on the, to the search task irre- 
levant, non-target in the stimulus pattern. Figure 16 
gives for both observers the cumulative number (n) 
of non-target fixations against their moment (r) of 
occurrence, as determined from the eye movement 
records. 

By means of the procedure used in Section 5, the 
cumulative data of the “spontaneous fixations” were 
converted into corresponding p-values. Together with 
the cumulative fixation data of the four non-targets 
used, these values are given in Fig. 17. The data are 
corrected here for the termination of search after tar- 
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Fig. 16. The cumulative polygons of the number (n) of spontaneous non-tars+3 Cxations during search 
for the target. for the observers TB and FE, against their moment (tl of occurrence. 
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Fig. 17. The cumulative number (n) of fixations on the 
non-targets irrelevant to the search task as a function of 
tune (t), plotted according to formula (7) as linear func- 

tions, together with the corresponding p-values. 

get discovery. In view of the amount of non-linearity 
of our cornea-reflection method in supplying the loca- 
tions of fixation over the display (at most about 1’ 
visual angle), we assumed that an object was fixated 
when the cornea-reflection spot appeared within 1’ 
visual angle from its centre after we corrected for drift 
with respect to the fixation on the centre of the pre- 
vious rest field. Therefore, on the assumption of a 
random distribution of the fixation points over the 
display, p = 1” corresponds to test object 6..ation by 
accident. 

From the results shown in Fig. 18, underlined by 
other observer’s similar results, it may be concluded 
that although it was the task of the observer to avoid 
fixation on the irrelevant non-target in the stimulus 
patterns they did not succeed too well. Most p-values 
are specifically larger than 1” of visual angle, which 
indicates that these non-targets were lixated more 
often than corresponds to a random distribution of 
fixation spots over the display. 

Moreover, it is found from the p-values given in 
Fig. 18 that the probability of fixation on the non-tar- 
gets is_approximatively proportional to the squared 
size (RSo)_of the corresponding conspicuity area 
@ = 0.3 RSo). The overall correlation coefficient 
between p and Rso was 0.86 this time. In consequence 
the instruction not to fixate the non-targets instead 
of searching for them, resulted in a decrease of the 
regression coefficient of p on ??,, by a factor of 
0.2810.67. 

P.O 2+a28 K,, 
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Fig. 18. The effective sizes p of the conspicuity areas for 
the non-targets, which are-in proportion to their prob- 
ability of fixation, against R,o, the size of the correspond- 
ing conspicuity area. The dotted line indicates the p-level 

that corresponds to test object fixation by accident. 

(7) GESERAL DISCUSSIOS 

From the experimental data presented two different 
relationships arose in the main. First there is the 
demonstrated connection between conspicuity area 
and the probability of target discovery against search 
time (Sections 3 and 5) and second, the relation 
between conspicuity and involuntary eye movements 
(Sections 4 and 6). In the following sections we shall 
elaborate both points somewhat further. 

(7.1) Conspicuiry area and search time 

There is agreement in the literature concerning the 
possibility of describing the cumulative fraction of 
target discoveries against search time by an exponen- 
tial function (Krendel and Wodinsky, 1960; Bloom- 
field, 1972). Accordingly formula (5) has been also 
suggested by these authors as applying to their data. 
implying the introduction of a hypothetical factor P,, 
the single-fixation chance of discovery. Now, by 
means of the conspicuity area concept and the exper- 
iments described, we succeeded in verifying the sug- 
gested formula experimentally, thereby relating the 
size of the conspicuity area to the probability of target 
discovery against search time. 

However, for derivation of formula (5). the assump- 
tion of independent fixation position has been made, 
while it is known that the subsequent fixation pos- 
itions during search are more or less related. Williams 
(1966) suggested therefore a somewhat subtler 
approach by assuming during search a repeated scan- 
ning of the display by dependent fixation positions. 
In relation to this it should be noted that it is prob- 
ably only due to statistical deviation that the data 
in Fig. 13 can also be approximated by two successive 
linear functions. This follows from inspection of Fig. 
14, where these results are presented together with 
the other experimental data. Actually all authors 
assume a random and consequently homogeneous 
distribution of fixation points over the display, which 
is not necessarily the case however (Brandt, 1940: 
Enoch, 1959). We have not checked on this require- 
ment thoroughly in our results. A non-homogeneous 
distribution, e.g. with a lower fixation density in the 
display comers, would yield however a smaller 
asymptotic value for Pcd and so a smaller effective 
size (p) of the conspicuity area. This then may be 
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a second reason. besides the minor one already given 
in Section 5. para. t on the influence of the assump- 
tion of a circular conspicuity area, for p to be about 
70”, of Kj,. 

In relation to this deficiency it should also be noted 
that the conspicuity areas were determined by pre- 
senting the stimulus fields in between non-structured 
rest fields. This in contrast to the stimuli coming in 
during the successive fixations in regular search. Since 
it is known that structured stimuli succeeding each 
other in time may interfere with each other through 
backward and forward masking. it is not excluded 
that smaller conspicuity areas would be obtained if 
structured rest iield were used. 

In view of all these factors, that possibly improve 
the regression coefficient of y on w,,. it is not of 
relevance to consider here the influence on this rela- 
tion of the choice of the threshold level (509;, see 
Fig. 5) used for determination of the sizes of the con- 
spicuity areas. 

From the nearly unchanged averaged durations of 
fixation (&,) during search for the different targets, 
as given in Fig. 14, it can be concluded that the 
observers did not adapt their fixation rate to the difi- 
culty of the search task, at least not in a way that 
was statistically significant. A similar conclusion was 
obtained by Gordon (1969) for letter search through 
printed lists of varying comptexity. The averaged fixa- 
tion duration amounted to 0.35 set for TB and 0.29 
set for FE. 

Since non-systematic search is comparable to sam- 
pling with replacement out of a bimodai set, an esti- 
mate of PI and consequently of p can also be 
obtained by determination of the ratio of the total 
number of times the relevant test object was dis- 
covered over the total number of fixations made. The 
values for p obtained in that way differed for targets 
at most 0.1’ visual angle from the values obtained 
via required search time (Fig. 14), and at most 0.3’ 
visual angle from the p-values obtained in that way 
for non-targets (Fig. 17). This result is in Iine with 
the statement made above, that ?&, did not vary signi- 
ficantly with the difficufty of the search task. 

It is interesting to note that Howarth and Bfoom- 
field (1969) found the averaged search time (i) to be 
inversely proportional to the squared difference in 
diameter between target disk and background disks. 
Our results corroborate their finding since it appears 
from the data given in Fig. 6, that R5,, is about pro- 
portional to the difference in diameter. 

In relation to the exponential function of search 
time given by formula (5), it can be shown specifically 
that the following applies for the averaged search time 
(i1: 

! 

-i -1c 
r‘= t.P(tfdt = 

0 ! 
t,ae-“‘dt = l,‘a. (91 

0 

Since 

a = -{ln(l - pl)iiTfix (see (@I, 

5= - Tfix 

(-PI - PQ2 - PQ3 . . .) 

and since P1 K 1. 

PI -- ID - Do? 

so that 

It should be noted however, that for larger conspi- 
cuity areas the linear proportionality as given in Fig. 
6 probably does not apply (Engel. 197-l). 

(7.2) Conspicuit~ area mi s~ont~ne~[fs eve mocentents 

In Sections -I and 6 we have demonstrated the in- 
fluence of visual conspicuity, on the occurrence of 
small spontaneous eye movements during obligatory 
fixation of the display centre and on involuntary fixa- 
tions during search, respectively. 

In earlier work (Engel. 1971) it was found to be 
helpful to divide the factors controlling selecrive 
attention into subject and object factors, or in the 
terms of Fechner (1860) into voluntw and involun- 
tary determiners of attention. We then considered 
visual conspicuity to be an involuntary determiner 
of attention. Now that we are studying selection by 
way of eye movements, we shall distinguish in a simi- 
lar way voluntary and involuntary determinants of 
eye movements. In Fig. 19 we have tried ro record 
our present ideas about these two subsequent selec- 
tive actions in the visual system, in line with a flow 
diagram given earlier (Engef, 1971). 

At the first stage in Fig. 19. there is a spatial selsc- 
tion by eye movements on the visual stimuli pre- 
sented, the output being a signal flow limited by 
eccentric vision. Correspondingly, it is assumed that 
the representation of objects through activity in the 
corresponding information channels decreases with 
retinal eccentricity, the fovea1 signals being relatively 
emphasized. In Fig. 19 this has been indicated by the 
thickness of the arrows. In the following stage of fea- 
ture extraction, conspicuity arises from mutual inhibi- 
tory interactions between units for identical features 
(Engel, 1974). Irregularities in the stimulus pattern, 
such as for instance our test objects deviating from 
the background, will then automatically yield a rela- 
tively increased activity of the corresponding feature 
channels. This then will act upon selective attention, 
in line with proposals of Deutsch and Deutsch (1963) 
on the functioning of this mechanism, making the 
relevant information available for recognition and for 
a possible further response. The involuntary con- 
trol signal for the eye movements, containing infor- 
mation about direction and eccentricity of the rele- 
vant object is thought to be drawn from the signals 
after selective attention. (The alternative possib~ry, 
tapping this signal off before selective attention, 
would require an additionaf selector for separation 
of the most conspicuous signal. For the moment a 
decisive answer on this point seems hard to give 
experimentally.) The involuntary controls are thouet 
to be suppressible by voluntary controls. Our earher 
attention area experiments (Engel, 1971), in which the 
observer had to direct his attention towards a POS- 
ition eccentric from the obligatory fixation spot, indi- 
cated that selective attention could be uncoupled 
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Fig. 19. A tentative diagram of selective data reduction in the visual system through eye movements 
and selective attention. Visual conspicuity, represented by relatively increased activity of certain infor- 
mation channels, caused particukly by tateral interferences amon, * similar feature channels at the 
visibility stage, is considered to exercise invoIunta~ control on selective attention and after that on 
eye movements. These involuntary controls are thought to be counteracted by voluntary controls. 
Two separate connections for voluntary control have been drawn from the stage of cognitive processing, 
since it was found from earlier experiments (Engel, 1971) that selective attention could be uncoupled 

to a certain extent from the line of sight by voluntary act. 

from the line of sight by voluntary control. It is for 
that reason that we have drawn two separate connec- 
tions from the last box in our diagram, which rep- 
resents further cognitive processing, namely one for 
voluntary control of the eye movements and one for 
voluntary control of selective attention. The exper- 
imental results of Kaufman and Richards (1969) also 
agree with this distinction. They compared the points 
to which a naive observer believes his eyes are di- 
rected and those to which the eyes are in fact 
oriented. 

Let us, in the light of Fig. 19 now consider the 
spontaneous eye movements described in Section 4. 
Their occurrence, as well as the delay time (A?;) 
before their occurrence, depended on the conspicuity 
of the target, namely on the size of the conspicuity 
area and on the eccentricity of presentation both 
(Figs. 8, 10 and 11). This result fits in with the 
assumptions made in relation to Fig. 19, of a decreas- 
ing activity of the information channels with eccentri- 
city and an activity increasing with conspicuity. Also 
the experimental results of Levy-Schoen (1969b, 1974), 
who observed that the nearest of two identical and 
simultaneously presented stimuli was generally fixated 
first. corroborate these assumptions. We then need 
to assume with respect to the delay times, that greater 
activation leads to shorter delay before directing of 
attention. 

To understand the search time results (Section 5) 
and the accompanying involuntary fixations on the 
non-targets (Section 6), we assume that in the absence 
of critical features such as the test objects, irregulari- 
ties in the background pattern, edges of the display 
etc., the eyes under global voluntary control show 
a quasi random search behaviour. This behaviour is 
characterized by saccades of a certain length and 
duration of fixation, both being mainly determined 
by display size (Enoch, 1959) and perhaps by back- 
ground complexity. This may account for the overall 
random fixation positions during search and the prac- 
tically unchanged averaged fixation duration (&,) 
with changing conspicuity of the target object. In 
reading, also, there is the suggestion of a rather 
autonomous motor programme for the eye saccades. 
Bouma and De Voogd (1974) concluded namely that 

only the average proceeding of the eyes over the text 
needs global control by text recognition. 

When some critical feature calls upon attention, 
such as the non-target in our stimulus patterns, an 
eye movement will be initiated towards it. Only if 
the required additional decision: “target/non-target”, 
to be taken by the cognitive stage. is performed fast 
enough, could the tendency of fixating the irrelevant 
test object be suppressed by voluntary control. In 
view of the results given in Fig. 1S this occurred to 
a certain extent, resulting in a relatively decreased 
effective size (p) of the conspicuity area for the non- 
target compared to the size obtained when this object 
was the target object. Since no extra visual input is 
involved here, the time interval between onset of the 
voluntary cancellation and the occurrence of the sac- 
cade must be larger than the roughly 100 msec refrac- 
tory period preceding a saccade, in which observers 
are unable to react directly to a second target dis- 
placement (see e.g. Komoda et al., 1973 ; Levy-Schoen. 
1969b). 

In relation to this it is interesting to note that 
sometimes a substantial time gap was involved in our 
search experiments between the intake of target loca- 
tion and the moment of actual performance of the 
saccade towards the target. That is to say, it happened 
now and then that after a fixation by accident within 
the conspicuity area around the target, viz. after’s 
large saccade, there first occurred a relatively large 
saccade away from the target, presumably under 
voluntary control, after which the eye returned in one 
or two jumps, the additional second jump back being 
a “corrective” saccade. The signal light then appeared 
afterwards with the usual delay. [For more informa- 
tion on these interesting smaller corrective saccades, 
which also occur in the absence of visual feedback. 
see e.g. Weber and Daroff. (1971f-J Sometimes the 
effect also occurred after offset of the search pattern, 
making it acceptable that the observer used the infor- 
mation on target location, obtained just before cessa- 
tion of the stimulus pattern during the first accidental 
fixation near the target object. This also points to 
the existence of some accurate internal representation 
of target location which remains available for a 
period of at least 2 or 3 saccades. 
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(8) COsCLCSlONS 

(1) By assuming a random distribution of fixation 
positions over the display area during search, we were 
able to relate experimentally the cumulative prob- 
ability of target discovery against search tune with 
the size of the conspicuity area concerned, the visual 
field in which the target can be discovered in a single 
fixation. As was derived from the search time data, 
the effective sizes of the conspicuity areas during 
search were found to be about 309; smaller than the 
conspicuity areas determined by means of single 
tachistoscopic presentations. 

Brandt H. F. (1940) Ocular patterns and their psycholo@- 
cal implications. .&n. J. Pjxchol. 53. 260-265. 

Deutsch J. A. and Deutsch D. (1963) Attentton: some 
theoretical considerations. Psycho/. Rer. 70. SO-90. 

Engel F. L. (1971) Visual conspicuity. directed attention 
and retinal locus. kision Res. 11, 543-576. 

Engel F. L. (1974) Visual conspicuity and selective back- 
ground interference in eccentric vision. Cision Res. 14, 
-t59--!71. 

Enoch J. M. 11959) Effect of the size of a complex dtsplay 
upon visual search. J. opt. Sot. .4m. 19, 250-286. 

Fechner G. T. ( 1560) Lrhrr urricqr &rhiilrnisse drs Birtoc~~- 
iure~ Sehens. pp. 3921013. Hirzel. Leipzig. 

Gordon I. E. (1969) Eye movements during search through 
(2) During search, non-targets added to the stimu- 

lus pattern were found to be involuntarily fixated in 
proportion to their conspicuity area. In this case the 
instruction not to fixate the non-targets resulted in 
an decrease, about 609,, of the effective size of the 
conspicuity area during search. 

printed lists. Percept. .lfor. Skills 29, 653-586. 
Howarth C. I. and Bloomfield J. R. 11969) A rational eoua- 

(3) During direct determination of the conspicuity 
areas. requiring strict fixation on the display centre. 
small to-and-fro eye movements of about 0.7” visual 
angle in length occurred nevertheless in the direction 
of the target object discovered. Their occurrence as 
well as their delay with respect to stimulus onset 
depended on the size of the conspicuity area and on 
the eccentricity of presentation (Figs. 8, 10 and 11). 
These delays increased by about 200 msec over the 
transition region of the conspicuity area concerned. 
There existed a constant difference of about 300 msec 
between the occurrence of these eye movements and 
the manual recognition response of the observer. 

tion for predicting search times in simple inspeciion 
tasks. Ps)chon. Sci. 17, 225-26. 

Jeannerod M.. Gerin P. and Pernier J. (1965) Deplace- 
ments et fixations du regard dans I’exporation libre 
dune scene visuelle. Cision Res. 8, 81-97. 

Kaufman L. and Richards W’. (1969) Spontaneous fixation 
tendencies for vaisual forms. Percept. PsychopllJs. 5, 
55-88. 

Komoda M. K.. Festinger L.. Phillips L. J., Duckman R. 
H. and Young R. A. (1973) Some observations concern- 
ing saccadic eye movements. Vision Rex 13, 1009-1020. 

Krendel E. S. and Wodinsky J. (1960) Search in an unstruc- 
tured visual field. J. opt. Sot. Ant. 50. 562-568. 

Levy-Schoen A. (1969a) L’Qlude des Mouuements Ocrrlaires. 
p. 179. Dunod. Paris. 

Levy-Schoen ,A. (1969b) Determination et latence de )a 
rtponse oculo-motrice a deux stimulus simultants ou 
successifs selon leur excentricite relative. ;Inrtdr gs.vchol. 
69. 373-392. 

(4) The obtained results were interpreted in terms 
of a tentative flow diagram of selective information 
reduction in the visual system (Fig. 19). Visual conspi- 
cuity has been taken in relation to this to be an exter- 
nal determiner of both selective attention and eye 
movements. 

(5) The experiments described emphatically demon- 
strate the usefulness of the conspicuity area as a con- 
cept for research on visual selection. 

Levy-Schoen A. (1971) Le champ d‘activiti du regard: 
donnees expcrimentales. .4r1n& ps,rchol. 74. 43-66. 

Mackworth J. F. and Mackworth N. H. (1958) Eye fixa- 
tions recorded on changing visual scenes by the tele- 
vision eye-marker. J. opt. Sot. An. 48. 43945. 

Noton D. and Stark L. (1971) Scanpaths in eaccadic eye 
movements while viewing and recognizing patterns. 
t,ision Res. 11. 929-9-12. 
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