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ABSTRACT 

This research was concerned with the use of colour-coding on visual displays and its effect on 

search performance. Subjects had to locate a target number on a display filled with numbers. 

They were informed of the colour of the target number beforehand. Experimental variables 

were: the target class size, the number of colours used in the display, the distribution of colours 

(random or structured) and the distribution of the percentages of numbers sharing a colour. 

The effect of target class size was the most significant: if more items shared the targets colour, 

search-time was longer. If colours were distributed randomly over the display, the target was 

harder to find than if the colours were arranged into blocks. Recording of eye-movements 

revealed that this effect is caused by the fact that target class items are spaced close together in 

the blocked conditions. Subjects can process more than one item per fixation in this case. The 

number of colours used in the display did not have a significant effect on search-time. One 

can use at least five different colours, provided they are selected with great care so that they 

are dissimilar, without seriously impeding search. 
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INTRODUCTION 

In designing the layout of a page of printed text, an editor has many possibilities to make 

selected parts of the text group together or stand out for emphasis. In order to do so, text can 

be composed in different type fonts, character sizes, boldface, underlining and so on. 

With text presented on displays such as, for example, teletext and viewdata, however, possibil

ities are much more limited. In most cases only one character type is available and character 

positions are fixed. What can be (and indeed is) used extensively is the wide range of availa

ble colours on such displays. Previous research has shown that the use of colour coding in dis

plays can have a profound effect on legibility and search performance. In a study by Williams 

( 1966) subjects had to search for a specified two-digit number which was contained in one of a 

hundred geometric shapes that were presented on the display. The forms differed widely in 

size, colour, and shape. Subjects were provided with varying amounts of information about 

the size, colour, and shape of the target. The results showed that subjects fixated the objects 

far more selectively if the colour of the object was specified relative to conditions in which the 

size or shape of the object was specified. There was no systematic tendency for subjects to 

fixate objects which had another colour than the one that was specified. Searching for an 

object in a visual field containing several objects consists of two main components: classifying 

a fixated object as being the specified target object or not (identification) and the selection of a 

potential target outside the fovea to look at next on the basis of the given specification (acqui

sition). Williams' results show that colour coding is very helpful in the acquisition component 

of visual search. 

In search tasks in which subjects have to locate a non-coded target among other (distracter) 

items, search-time is primarily dependent on the display density(= number of items in a dis

play; Green, McGill & Jenkins, 1953). Search-time is typically linearly related to the number 

of symbols in the display. When the items were colour-coded such that half of the items were 

displayed in blue and the other half in yellow, subjects who knew the colour of the target 

located the target about twice as fast as subjects who did not know the target colour. Egeth, 

Virzi and Garbart (1984) have also shown that search-time is linearly related to the target class 

size. They suggest that all items not belonging to the target class are rejected in parallel and 

examination of the target class items is typically performed serially. If the target class size 
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becomes too large, linearity is lost: Green & Anderson ( 1956) conducted an experiment in 

which they varied the proportion of items sharing the target colour from 1/6 to 1 in steps of 1/ 

6. If this proportion was 5/6 (approx. 83%), search performance was actually impeded in rela

tion to the condition in which all items shared the target colour. Van Nes, Juola & Moonen 

(1987) found the same distracting effect, but only when the percentage of items sharing the 

target colour exceeded 90%. 

The number of colours used in a display is related to the heterogeneity of the background. A 

display with five colours will look more heterogeneous than a display with just three colours. 

In an experiment in which subjects had to search for a target-number of which the first two 

digits were specified, Carter (1982) found that search-time was virtually unaffected by adding 

background items that had a very dissimilar colour compared to the target colour. According 

to Cahill & Carter ( 1976) a more heterogeneous background will make the "Gestalt" which is 

formed by the target class items less apparent. As a result, the location of a potential target in 

the extra-foveal area (acquisition) will suffer and search-times will be longer consequently. 

This notion was supported by Duncan & Humphreys (1989) who showed that search-time is 

dependent on background heterogeneity. They varied the number of different background 

items and the amount of similarity among them. Search-time was an increasing function of 

background heterogeneity. Therefore, search-time will increase as a function of the number of 

colours used in the display. Their results suggest that up to 8 or 9 colours can be used in a dis

play without severe loss of performance. Van Nes ( 1986), on the other hand, advises the use 

of no more than 3 colours in displays to prevent the display from looking cluttered and 

confusing. 

The distribution of colours in the display was experimentally varied by Farmer.. and Taylor 

(1980). They speculated that a structured background would produce shorter search-times 

than a random distribution of background items, since a structured background is less hetero

geneous than a random background. To test this hypothesis, they had subjects decide if one of 

the cells in a 5 x 3 matrix contained the target colour. The background items could be ran

domly distributed among the remaining 14 cells or be arranged such that each row of the 

matrix was of the same colour. Their hypothesis was supported only on negative trials, in 

which the target was absent. Brown and Monk (1975) used patterned and random background 

configurations in a search task. Subjects had to search for a double dot in a background con-
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sisting of single dots. Search-times were faster in the condition in which the background was 

patterned. This result led them to suggest that subjects employ a different search strategy in a 

patterned display. In a more patterned display, subjects first scan quickly between clumps of 

items and than through clumps of items. This would produce some very fast search-times and 

lower the average search-time in the conditions in which the background was patterned. 

N . Prins 11 
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EXPERIMENT 1: 

The present experiment uses a search task to investigate the effect of colour use on displays, 

manipulating target class size, number of colours, configuration of colours and the distribution 

of percentages over colours. 

Method 

Subjects. Ten male and ten female subjects participated voluntarily. All were working at the 

IPO at the time the experiment was conducted. Age ranged between 20 and 35 years with an 

average of 24.5 years for the male subjects and 24.7 years for the female subjects. Every sub

ject had normal colour vision as ascertained using the Ishihara ( 1960) colour vision test. 

Stimuli and design. Stimuli consisted of displays filled with random, computer generated, 

three- and four-digit numbers, one of which was the so-called target. Every display contained 

282 +/- 1 numbers. The subjects' task was to find the target among the other numbers. The 

colour of the target was known to the subject in advance. Four within-subject variables, each 

having two levels, were manipulated: 

- the number of colours used in the stimulus display (three or five)(= #C). 

- random or blocked colour distribution(= RB). 

-low or high percentage of numbers sharing the target colour (resp. 10 and 44%) (= Pere). 

- the percentage of numbers sharing the target colour is unique for this colour or is shared with 

one other colour(= US). 

In addition, there was one control condition in which all numbers in the displar were of the 

same colour. The single between-subject variable was Sex. 

The five colours used were: red, yellow, green, blue and grey. The background colour was 

light grey. In a pilot study preceding this experiment the same colours had been used and the 

data revealed that the colours red, yellow, green and blue produced about the same response

times. Targets displayed in grey were harder to find, as indicated by response-times. The 

properties of the colour grey were adapted by consensus among three independent judges, 

under the criterion that it should have a subjective luminance that was equal to that of the other 
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colours. 

The four variables were completely crossed and led, together with the control condition, to a 

total of 17 different conditions. These 17 conditions are represented schematically in table 1. 

In the 'unique' conditions, the background colours were distributed evenly over the numbers 

that did not belong to the target class. In the shared conditions, one background colour was 

shared by an equal number of numbers as the target class size, the other colours were distrib

uted evenly over the remaining numbers. 

#C RB Pere us Percentages 

3 random low unique 10-45-45 

3 random low shared 10-10-80 

3 random high unique 44-28-28 

3 random high shared 44-44-12 

5 random low unique 10-22.5-22.5-22.5-22.5 

5 random low shared 10-10-26.6-26.7-26. 7 

5 random high unique 44-14-14-14-14 

5 random high shared 44-44-4-4-4 

3 blocked low unique 10-45-45 

3 blocked low shared 10-10-80 

3 blocked high unique 44-28-28 

3 blocked high shared 44-44-12 

5 blocked low unique 10-22.5-22.5-22.5-22.5 

5 blocked low shared 10-10-26.6-26.7-26. 7 

5 blocked high unique 44-14-14-14-14 

5 blocked high shared 44-44-4-4-4 

uniform, single colour condition 100 

Table 1: Schematic representation of the conditions. The bold values represent percentages 

of numbers on a display sharing the target colour. 

The stimulus set (excluding practice trials) consisted of 1700 different displays, evenly distrib

uted over conditions. The displays were divided into five areas of equal size (see fig. 1). Tar

gets were chosen randomly, with the constraints that the target occurred equally often in each 

of the five areas in each condition and that targets did not run over area borders. An example 
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of a display is given in figure 2. The complete stimulus set was randomly divided over both 

the male and female subject group (with the specific colours as yet unspecified), under the 

constraints that: (a) every subject received every condition 10 times and (b) the target should 

appear in each of the five areas twice in each condition. Hereafter, the colours for each trial 

were specified in a random manner to every subject file, under the constraint that target col

ours were evenly distributed within every condition. This way, both the male and the female 

subject group received all 1700 stimuli, though the specific colours for each stimulus were dif

ferent in both groups. After randomization of the subject files, they were divided into two ses

sions, session one consisting of four trials of each condition and session two consisting of six 

trials of each condition. 

Figure 1: The properties of the 

displays. The outermost line 

represents the circumference of the 

picture-tube. 

The grey area is the area in which 

the numbers were presented. 

Numbers represent sizes in 

numbers of character-positions. 

The five areas contained 260 

characters positions each. 

Figure 2: Example of a display. 

This display served as trial 14 

in the first session of subject 2. 

All numbers were displayed in 

red (uniform condition). Target 

was the number 406. 

N. Prins 

110, 2002 nu H2t f.17 4'11 1112 HH 911 JUJ lHI 2111 4011 421 

IH HH 1115 UU 513 121! 1051 U!I UH 112 IU1 IH 11!1 217 

HI 2H1 121 '1'51 111 2111 21'71 111 212J 2704 Hll IOl1 IC7 toDI 

HJ 1971 '5H 1'1 9113 4850 117 HU 120 !17U 171 HJ lit IH Jlt 

'" "' 111 ., .. 1t11 an 1121 HID ,.,., 207 2H ll01 7011 Hll 

1405 139 HI Hl2 6J9 H7"P ICI 71H 1'71 HJ HJ IOI 1337 71H 101 

5121 IHI '7540 Hi10 7411 !71 1911 25'1 1070 129' U71 Ul7 !151 

1100 1117 2077 US, HI 1111 IH HI 7H COi 21H 1012 JU 697 

1120 213 Hf 11101 1110 4111 Htl 121 Hl'J 3211 1513 41H 211 JOU 

UI HI 7719 IH 2171 711 HJ 177 tN HlJ SOU HI H!I 1712 12H 

11H 271 9011 Ht HJ'J 207 3403 H'77 2731 HH 327 301'7 lfill tl!I 

'711 715 5111'7 t020 tlOJ HH 1511 HU 429 Ul 1110 74!1!1 195 UU 

H2'7 UI 7171 101 IIOI IUJ HJJ 172' 107 7001 4251 171 till 221 

Hl 7 IOIO 414!1 2221 JU 7 1'24 Hl .,. ,no 725! ,n 8081 1111 245 

n1 HJ 1121 HH 1111 IHI Jll IHI 11'2 C'71 IJJI HI IHI C'71 

111 1110 IOI 15'15 '101 ltl l'12J SOU 2J22 8012 525'1 215 UU '728 

HI CCJ2 '711J 15H UO 1711 11'11 HI 11111 H21 IJJJ !1211 52!1 !115 

201 HJI HI 109 '171 UJ2 HU 1'11 HU 1112 14111 '141lJ USI JIU 

151 CHI 1'1IO '111 HH 22'141 '111 1511 110 '1555 511 I0'1 111 208 111 

12f Ul 111 2910 '1'7ll 117 14127 1104 tOII 21'11 IH lOOJ HU 217J 
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Apparatus. All displays were presented on a Sun spare-station connected to a Unix network. 

The digits were 3 mm high and 2 mm wide with 1 mm spacing between digits within a 

number, 4 mm between numbers and 5.5 mm between lines. With the employed viewing dis

tance of 57 cm, 1 cm on the display corresponds to about 1 degree of viewing angle. Every 

display contained 20 lines, which were 65 character positions wide. 

Procedure. Subjects were given written instructions about the task (see appendix), after 

which the experiment began. As mentioned, the 170 experimental trials were divided into two 

sessions: the first consisting of 68 trials (four of each condition), preceded by 17 practice trials 

(one of each condition) and the second consisting of 102 trials (six of each condition), also 

preceded by 17 practice trials (again one of each condition). Session one and two were run on 

two consecutive days. The viewing distance was controlled by means of a chin rest. Each 

trial began by a 2-sec presentation of the target in the middle of the screen. It was presented in 

the same colour it would have in the full screen. After disappearance of the target there was a 

1500 ms interval after which the full screen appeared. The subject was to search for the target 

and press the spacebar as soon as it had been located. Response-time was measured as the 

time between the appearance of the display and the pressing of the spacebar by the subject. 

After the response the subject had to point the target out to the experimenter, to check whether 

the target had indeed been located. 

Results 

In total, 20 (subjects) x 170 (trials) = 3400 trials were presented. Of these 3400 trials, 111 

(3.3%) resulted in an error and were excluded from the analysis. Errors can be.classified into 

seven categories: (1) the subject forgot the target-number (25), (2) the subject forgot the tar

get-colour (40), (3) the subject reacted to a similar number (e.g., one subject reacted to 3124 

when the target was 3142), (32), (4) the subject missed presentation oftarget (6), (5) search 

was stopped by the experimenter because a time limit (of about 3 min) was exceeded (4), (6) 

the subject pressed the spacebar unintentionally (3), (7) the subject forgot to press the spacebar 

(1). Mean search-times were calculated from the remaining 3289 search-times for each subject 

in each condition. The mean search-times per condition over all subjects are displayed in 

table 2 and figure 3. 
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A 2 (Sex) x 2 (random/blocked, RB) x 2 (number of colours, #C) x 2 (percent of numbers 

sharing target colour, 10% vs 44%, Pere.) x 2 (unique/shared, the percentage of numbers shar

ing the target colour is shared with one other colour or not, US) analysis of variance was con-

RB: RANDOM 

#C: 3COLOURS 5COLOURS 

Pere: LOW HIGH LOW HIGH 

US: u s u s u s u s 
Mean search time (sec) 5.3 6.1 20.7 22.9 6.5 7.3 21.2 21.8 

RB: BLOCKED uni-

#C 3COLOURS 5COLOURS form 

Pere: LOW HIGH LOW HIGH con-

US: u s u s u s u s di-

tion 

Mean search time (sec) 4.7 4.5 17.6 19.4 4.7 4.8 16.6 20.3 44.4 

Table 2. Mean search-time per condition over all subjects (sec) (U = unique, S = shared). 

50 r---------""T---------~ 

-(.) = 40 -
Cl) 

E 
i= 

I 
fl) 
C 
0 
Cl. 
fl) 
Cl) 
a: 

30 

20 

10 

Uniform Condition 

3 colours 5 colours 

o---------"'---------__,J 10 44 10 44 

Target Class Size (percent) 

Figure 3: Mean response-times for all conditions. 
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---o-- Random Unique 

---a-- Random Shared 

• Blocked Unique 
■ Blocked Shared 
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ducted over the mean search-times for all conditions except the control condition, over all 

subjects. All variables (except Sex) were analysed as repeated measures. Two significant 

main effects were found: Pere. (F(l,18) = 147.22, p < .001) and RB (F(l,18) = 38.27, p < 

.001). No significant effects on search-times were found for Sex (F(l,18) < 1), US (F(l,18) = 

3.76) and #C (F(l,18) < 1). Two significant interaction-effects were found: RB x Perc.x Sex 

(F(l,18) = 6.78, p < .05) and RB x Sex (F(l,18) = 5.64, p < .05). The means of the search

times for each individual colour, balanced over condition and subject, were also subjected to 

an analysis of variance. Three subject/condition/colour cells contained no data and the values 

for these combinations had to be estimated 1. No significant difference in search-times was 

found. The mean search-time for red was: 14.4 s., for yellow: 15.1 s., for green: 14.3 s., for 

blue: 14.1 s. and for grey: 15.9 s. The mean search-times for each of the five areas of the dis

play were calculated over all subjects, colours and random conditions and separately for the 

uniform condition. In the random conditions mean search-time for the upper left area was: 

10.7 sec, for the upper right: 10.4 sec, for the middle: 14.7 sec, for the lower left: 16.4 sec. and 

for the lower right: 17.6 sec. In the uniform condition the mean search-times were: upper left: 

33.9 sec, upper right: 31.7 sec, middle: 46.9 sec, lower left: 61.6 sec. and the lower right: 47.0 

sec. Mean search-times for each of the five areas were not calculated for the blocked condi

tions, because in each trial only a restricted part of the display could contain the target. 

Discussion 

As can be seen from table 2 and figure 3, search times increase as the percentage of numbers 

sharing the target colour (which will be called target class size from here on) increases. This 

is not very surprising: the subject has to search through more numbers, on the average, before 

the target is located as target class size increases. 

Another effect that proved to be statistically significant was the way in which the colours were 

distributed on the display. When the colours were distributed randomly across the display 

(random condition), search times were longer than when the colours were distributed in an 

orderly fashion (blocked condition). This is in accordance with the hypothesis of Farmer & 

18 

1. Estimations were made on the basis of the assumption that the ratio of the response-times in other 
conditions with a specific colour divided by the response-time in the missing condition and colour com
bination were the same for all colours. 
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Taylor (1980). This effect probably stems from the fact that in the random condition target 

class items have to be searched and located before they can be fixated upon. In other words, 

acquisition (Williams, 1966) suffers from the random distribution of target class items. The 

eyes have to make larger saccades as well. This could mean that fixations are less precise and 

have to be redirected if necessary. Another reason for this effect might be that, in the blocked 

condition, target class items are always located directly next to each other. It could be that 

subjects can process, i.e. identify, more than one number in each fixation if the fixation i~ 

situated at a favourable position between two numbers. 

The number of colours used in the display did not have a significant effect on search-time. It 

should be noted here, however, that great care was taken to select colours that were easily dis

tinguishable from each other. If colours are less easily distinguishable, it could be that the 

number of colours does have a significant (negative) effect on search-time. This result coin

cides with the results of Carter (1982) who also did not find a distracting effect if the back

ground items added to the display were sufficiently dissimilar to the target colour. 

Although the variable US (whether or not another colour has the same percentage of display 

numbers as the target colour) did have some effect on search-time in favour of the unique con

ditions, this effect did not reach significance (p < .07). The most probable explanation for this 

effect is that subjects might use class size (besides colour) as an additional indication that a 

number belongs to the target class. This would mean that sometimes numbers which do not 

belong to the target class, but are as frequent, are accidentally fixated upon. If this is indeed 

so, it could mean that Williams' finding that items that do not share the target-colour are not 

systematically fixated upon is not correct or, at least, not in all cases. 

The between subject variable Sex did not have a significant effect on search-time. However, 

the interaction between the variables RB and Sex did have a significant effect. Although male 

and female subjects had nearly the same search-times in the blocked condition (11.5 vs.11.6 

sec, respectively), the female subjects had significantly longer search-times in the random 

condition (15.0 sec for the female subjects vs. 13.0 sec. for the male subjects). Closer inspec

tion of the data reveals that this difference in response-times for male and female subjects in 

the random condition stems only from a difference in the random-high conditions. As a matter 

of fact, the mean response-time for female subjects in the random-low conditions is actually 

N. Prins 19 
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somewhat shorter than that of the male subjects (6.2 vs. 6.4 sec, respectively), while the mean 

response-time for female subjects in the random-high conditions is substantially higher than 

that of the male subjects (23.7 vs. 19.6 sec., respectively). In the blocked conditions, 

response-times are virtually the same for male and female subjects whether a low or a high 

percentage of numbers shares the target-color. This is the three-way RB, Sex and Pere. inter

action, which, as stated before proves to be statistically significant. 

Because the relation between target class size and search-time is found to be linear (e.g. 

Green, McGill & Jenkins, 1953), one can calculate the average increase in search-time per 

added item for the random-unique, random-shared, blocked-unique and blocked-shared condi

tions in both the 3 colour and 5 colour condition from the data in table 21. These slopes are 

displayed in table 3. 

RB: RANDOM BLOCKED 

#C: 3COLOURS 5COLOURS 3COLOURS 5COLOURS 

US: u s u s u s u s 
slope (msec/item) 160 175 153 151 134 155 124 161 

Intercepts (msec) 820 1200 2216 3072 919 137 1207 269 

Table 3. Slopes and intercepts of all RB, US and #C combinations. 

Response-times are made up out of two components: a constant which is the time needed to 

orient to the visual scene and to execute the response, and a variable time which is dependent 

on fixation rate and number of fixations needed to locate the target (Carter, 1982). The con

stant factor is the intercept of the lines in figure 2 with the vertical axis which represents a tar

get class size of 0. These intercepts are also shown in table 3. Mean processing time per item 

can be calculated if one considers that the target will be located after half of the sum of the tar

get class and one has been fixated upon on the average. Mean processing time per item in the 

random, low, unique, 3 colour condition, for example, is (5300 (mean search time) -820 (inter

cept))/ ((28 + 1) / 2)(average number of numbers fixated upon)= 309 msec. Mean processing 

times per item for all conditions are displayed in table 4 (the intercept for the uniform condi-

20 

I. The average increase in search-time per added item was calculated by dividing the difference in 
response-times in the low and high percentage condition by the difference in the target class size in the 
low and high percentage conditions. 
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tion, which cannot be calculated, was estimated by the average of the intercepts of the blocked 

conditions). From this table it can be seen that mean processing time per item is consistently 

longer in the shared conditions than in the unique conditions. A possible explanation for this 

result, as has been stated before, is that subjects might use class size (besides colour) as an 

indication that an item belongs to the target class and therefore accidentally fixate numbers 

that do not belong to the target class but to the class of background items that has the same 

class size as the target class. Response-times are longer in the shared conditions as a conse

quence and mean processing time per item, calculated as above, will be longer as a result. 

RB: RANDOM 

#C: 3COLOURS 5COLOURS 

Pere: LOW HIGH LOW HIGH 

US: u s u s u s u s 
Mean processing time 309 338 318 347 295 292 304 345 

per item (msec) 

RB: BLOCKED uni-

#C 3COLOURS 5COLOURS form 

Pere: LOW HIGH LOW HIGH con-

US: u s u s u s u s di-

tion 

Mean processing time 259 299 266 308 248 311 246 320 309 

per item (msec) 

Table 4. Mean processing times per item for all conditions. 

In order to gain more insight in the processes underlying visual search and possibly resolve 

some questions that are raised or left unanswered in the first experiment, a second experiment 

was carried out which is essentially the same as the foregoing, except for the fact that in the 

following experiment subjects' eye movements were recorded during the search. 
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EXPERIMENT 2; 

During visual search the eyes move in a series of rapid, jerky movements separated by fixa

tional pauses across the visual field (Rayner, 1978). These movements are called saccades. 

Saccades take about 20-50 ms to perform, dependent on the distance covered. Saccades are 

ballistic movements, which means that once they have been initiated, they cannot be stopped 

or corrected until the movement is completed. During saccades the input of visual informa

tion is greatly suppressed. Visual information input occurs during the fixational pauses. Dur

ing a fixational pause the eyes are stationary (apart from some micro-tremor and sometimes 

minor drift followed by a redirecting movement). The area of the visual field that can be per

ceived with high acuity during a fixation is called the foveal field and subtends about 1 to 2 

degrees of visual angle. The parafoveal area in which acuity is less than in the foveal area but 

still sufficient to process some information about the form of perceived objects subtends about 

10 degrees of visual angle around the perceiver's fixation point. The area beyond the para

foveal area is called the peripheral area. Acuity in the peripheral area is very low. Williams 

(1966), however, pointed out that colour information in the peripheral area can be used to pro

gram saccadic movements. 

There is some debate about the way in which saccadic movements are programmed and the 

degree of visual processing that takes place during a fixation. This matter has been investi

gated mainly in reading situations. Some researchers (e.g. Bouma and de Voogd, 1974) argue 

that the individual saccadic movements and visual text recognition are relatively independent 

of each other and only the average proceeding of the eyes over the text need be controlled by 

proceeding text recognition. Others (e.g. Rayner and McConkie, 1976) argue that the duration 

of a fixation is, at least partially, dependent on the information obtained in that-fixation itself. 

Method 

Subjects. One male and three female subjects participated voluntarily. All were working at 

the IPO at the time the experiment was conducted. Age ranged between 22 and 31 years with 

an average of 25.5 years. Every subject had normal colour vision as ascertained using the 

Ishihara ( 1960) colour vision test. Subjects had to be selected on the basis of "eye-height", i.e. 
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the distance between the opened eye-lids, and pupil size. The eye movement apparatus did not 

function correctly if subjects had small eyes and/or small pupils. The male subject and one of 

the female subjects did also participate in experiment 1. 

Stimuli and design. Stimulus files from experiment 1 were used in this experiment, making 

sure that the subjects that already participated in experiment 1 did not receive any stimulus 

they had already encountered before (except for the practice trials which preceded both ses

sions). 

Apparatus. Stimulus presentation and search-time registration was performed by the same 

apparatus as in experiment 1. Eye movements were measured by a Micromeasurements sys

tem 1200, which is based on the pupil middle-corneal reflection principle, in combination with 

a Philips 9100/AT286 personal computer. The personal computer analysed the raw eye-move

ment data from the Micromeasurements system 1200 and calculated fixation positions and fix

ation durations. The algorithm used to discriminate a fixation from a saccade was first 

described by Mason (1976), as quoted in Boschman (1991). It is assumed that a new fixation 

has appeared if the two-dimensional eye-position signal diverts more than a specified thresh

old-value from the ongoing average position. The threshold value was set at 1 degree. If a 

fixation, as calculated by this algorithm, lasted less than 100 ms it was considered to have 

evolved from system noise since actual fixations lasting shorter than 100 ms are extremely 

rare. 

Procedure. The followed procedure was essentially the same as in experiment 1. Some mod

ifications were made, however. Because the infra red light source was positioned such that 

pointing the target out after location was hindered, subjects were asked to state the quadrant of 

the display in which the target was positioned (instead of pointing it out to the experimenter as 

was the case in experiment 1) after they had pressed the space bar. After every 17 trials there 

was a break, necessary to send eye movement data from the PC to the Unix network because 

memory capacity of the PC was limited. At the start of every session and after every break the 

Micromeasurements system 1200 had to be (re)calibrated. In order to do this subjects had to 

fixate nine points on the screen one by one. Session two of one subject was divided over two 

days due to fatigue and irritation of the right eye. The two sessions of another subject were 

executed with four days interspace, instead of being on consecutive days. 
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Results 

In total, 4 (subjects) x 170 (trials)= 680 trials were presented. Of these 680 trials, 24 (3.5%) 

resulted in an error and were excluded from the analysis. Errors can now be classified into 

seven categories: (1) the subject forgot the target-number (4), (2) the subject forgot the target

colour (7), (3) the subject reacted to a similar number (4), (4) the subject pressed the spacebar 

unintentionally (1), (5) experimenter started trial unintentionally (1), (6) no eye-movement 

data were stored because of failure in operating the apparatus (7). Mean search-times were 

calculated from the remaining 656 search-times for each subject in each condition. The means 

of the mean search-times per condition over all subjects are displayed in table 5 and figure 4. 

RB: RANDOM 

#C: 3COLOURS 5COLOURS 

Pere: LOW HIGH LOW HIGH 

US: u s u s u s u s 

Mean search time (sec) 5.3 5.1 15.9 17.0 5.0 7.1 16.6 17.4 

Mean number of fixations 15 15 44 44 14 20 45 48 

Mean fixation duration (msec) 331 328 346 346 342 325 353 38,S 

Number of processed items per fixation 1.0 1.0 1.5 1.5 1.2 0.8 1.4 1.4 

RB: BLOCKED uni-

#C 3COLOURS 5COLOURS form 

Pere: LOW HIGH LOW HIGH con-

US: u s u s u s u s di· 

tion 

Mean search time (sec) 2.8 4.0 18.0 17.6 3.6 3.9 16.0 13.5 32.6 

Mean number of fixations 7 10 47 45 9 10 41 36 84 

Mean fixation duration (msec) 390 356 371 355 360 362 362 368 375 

Number of processed items per fixation 2.1 1.5 1.4 1.5 1.6 1.5 1.7 2.0 1.8 

Table 5. Mean search-times, number of fixations, fixation durations and number of processed 

items per fixations in every condition over all subjects (U =unique, S =shared). 

Over 20,000 fixation positions and fixation durations were registered. In some cases the last 

fixation (on the target) was not registered, because a fixation was only registered as such if a 
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new fixation position had occurred. As a result the last fixation was not registered if eye

movement registration was stopped when the subject was still fixating the target. Through vis

ual inspection of the fixation patterns superimposed on the stimulus display the number of fix

ations in every trial was corrected, if necessary. In table 5 are also displayed: the mean 

number of executed fixations per condition, the mean duration of fixations per condition and 

the number of processed items per fixation. This number has been calculated by dividing the 

average number of target class items that have to be processed before the target is located by 

the number of fixations in each condition. It is assumed that the target will be located after, on 

the average, half of the sum of the target class size and one has been processed. All four data

sets were statistically analysed in the same manner as has been done with the data in experi

ment 1, except that in this experiment there was no between subject variable. A between 

group effect would be uninterpretable because two groups would differ in two aspects, namely 

male vs. female and participation in experiment 1. The results of the statistical analysis are 

displayed in table 6. 

Figure 4: Mean response-times for all conditions. 
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RB #C Pere. us 

response-times F(l,3) = 32.85 (p<.05) F(l,3) < 1 (NS) F(l,3) = 73.17 (p<.05) F(l,3) < 1 (NS) 

number of fixations F(l,3) = 60.29 (p<.05) F(l,3) < 1 (NS) F(l,3) = 93.81 (p<.05) F(l,3) < 1 (NS) 

fixation duration F(l,3) = 13.39 (p<.05) F(l,3) < 1 (NS) F(l,3) < 1 (NS) F(l,3) < 1 (NS) 

number of processed items per fixation F(l,3) = 39.09 (p<.01) F(l,3) < 1 (NS) F(l,3) = 6.88 (NS) F(l,3) < 1 (NS) 

RBxPerc. Pere. x US 

response-times F(l,3) = 16.82 (NS) F(l,3) < 1 (NS) 

number of fixations F(l,3) = 9.17 (NS) F(l,3) = 2.58 (NS) 

fixation duration F(l,3) = 1.69 (NS) F(l,3) = 22.50 (p<.05) 

number of processed items per fixation F(l,3) = 21.27 (p<.05) F(l,3) = 23.45 (p<.05) 

Table 6. Results of statistical analysis (NS =not significant). 

Through inspection of the fixation patterns superimposed over the stimulus displays some 

noteworthy observations were made: 

-Sometimes subjects fixated on or very near the target, moved on to a next fixation position 

followed by a refixation of the target and only then the response (see fig. 5). This is an 

indication that, at least in some cases, processing of the visual information continues after the 

following saccade has been initiated. 

-Sometimes subjects were distracted by a number that was similar to the target-number (see 

fig. 6). 

-Subjects are, in accordance with Williams' (1966, see introduction) findings, very capable of 

fixating only on target class items (see fig. 7) although fixations on numbers that did not 

belong to the target class did appear. The difference in fixation patterns between the unique 

and shared conditions was not apparent when casually inspected. Unfortunately there was no 

opportunity (timewise) to investigate this issue in further detail. Also, the accuracy of the 

eye movement apparatus would probably be too small to unambiguously assign a fixation 

position to a particular number. 

It should be noted, however, that none of these observations have been statistically analysed in 

any degree. 
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Figure 51: Subject initiated next 

saccade after which target was 

processed and refixated, followed 

by the response. Target is 255. 

Figure 61: Subject is distracted 

by a similar number (604). The 

target is 904. 

Figure 71: Fixation pattern of a 

subject. (Random, low, unique, 

3 colours condition). Nearly all 

fixations are located near a target 

class item. Last fixation (on target) 

was not registered. 

Discussion 
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In experiment 2 the same statistically significant effects were found concerning the response

times (except for the between subject variabele Sex, which was not tested for in this second 

experiment) as in experiment 1. These effects were: a random versus blocked effect in favour 

of the blocked conditions and a Percentage effect in favour of the low percentage conditions. 

28 

1. Target class items are displayed in black, all other colours are displayed in grey. Fixation positions 
are indicated by an asterisk (*). Small numbers at fixation positions indicate rank order of fixations. 
Connecting lines do not represent actual saccadic paths, but are just connections of consecutive fixation 
positions. 
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These effects will not be discussed here again and one is referred to the discussion of experi

ment 1. 

From table 5 it can be seen that fixation durations are generally shorter in the random condi

tions compared to the blocked conditions. Averaged over subjects and conditions the average 

values of fixation durations are for the random conditions: 345 ms and for the blocked condi

tions: 366 ms. This seems to coincide with the finding that the average number of processed 

items per fixation is larger in the blocked conditions than in the random conditions (1.7 vs. 1.2 

processed items per fixation, respectively). In the blocked conditions target class items are 

located adjacent to each other and sometimes two ( or maybe even more) items will be pro

jected on the foveal area. The results indicate that subjects, given the opportunity, are able to 

process more than one item per fixation. Although processing more items in a single fixation 

results in a longer duration for that fixation, the mean processing time per item is shorter (366 

ms/ 1.7 = 215 ms in the blocked conditions vs. 345 ms/ 1.2 = 288 ms in the random 

conditions). Processing more items in a single fixation is therefore more time-efficient. The 

above confirms the hypothesis stated in the discussion of the results of experiment 1 that sub

jects might be able to process more items in a single fixation if the fixation is situated at a 

favourable position between two items. 

If a high percentage of numbers shares the target colour, subjects need to make more fixations 

to locate the target, relative to the conditions in which a low percentage of numbers shares the 

target colour (44 vs. 13 fixations, respectively). This is not very surprising: subjects have to 

process on the average half of the sum of the target class size and one before the target will be 

located. This will, as a consequence, require more fixations if more numbers belong to the tar

get class. 

The RB x Pere. effect found with the data concerning mean number of processed items per 

fixation is probably caused by the fact that in the random/low percentage condition target class 

items are scattered over the display and are, in general, not situated near other target class 

items. In most fixations, therefore, only one target class item will appear in the foveal area 

where it can be processed to the level of recognition. In the random high and blocked condi

tions, target class items are generally, respectively inherently situated near other target class 

items and the data show that subjects can process more than one item per fixation in these 
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conditions. As indicated above, processing more than one item in a single fixation is more 

time-efficient. In table 7 are displayed the average number of processed items per fixation for 

every RB-Pere. combinations. 

Random/blocked Random Blocked 

Percentage: low high low high 

Mean number of processed items per fixation 1.0 1.5 1.7 1.7 

Table 7. Mean number of processed items per fixation for all RB-Pere. combinations. 

The Pere. x US effect found with the mean fixation duration data stems from the fact that the 

average fixation duration in the low percentage conditions with another colour having the 

same class size as the target class (shared conditions) are shorter than in the other combina

tions of the two variables (see table 8). In the random conditions this short average duration is 

probably caused by a number of short fixations which were directed at a number from the class 

of the same size as the target class. Such a number can quickly be rejected because the visual 

information does not have to be processed to the level of number identification. This can be 

interpreted as a confirmation of the hypothesis stated in the discussion of the results of experi

ment 1 that subjects use target class size as an indication that an item belongs to the target 

class size. The relatively short average fixation duration is not displayed in the random high 

shared conditions. The reason for this is probably that target class numbers are spaced rela

tively close to each other here and from a given fixation position there is always a target class 

item near enough to be identified easily as being indeed a target class item. Subjects can avoid 

fixating non-target class items by fixating an item that has already been identified as being a 

target class item. The above reasoning does not hold for the blocked conditions, however. 

Here, subjects just have to locate the target class block and it seems very unlikely that, after 

this, they will fixate items outside this block. 

Related to this effect is the Pere. x US effect found with the number of processed items per 

fixation data. The number of processed items is very low (see table 8) in the low percentage 

conditions where another colour shares the target class size. This probably means that in the 

random low shared conditions there were fixations directed at non-target class items. This 

finding also confirms the hypothesis about the underlying cause of the US effect discussed in 

30 Institute for Perception Research (IPO) 



august 1993 Colour Coding on Visual Displays 

the discussion of the results of experiment 1. Again, this reasoning does not hold in the 

blocked conditions because of reasons described above. 

Percentage: Low Percentage High Percentage 

Unique/Shared Unique Shared Unique Shared 

Mean fixation duration (msec) 356 343 358 364 

Mean number of processed items per fixation 1.47 1.20 1.50 1.60 

Table 8: Mean fixation durations and number of processed items per fixation for all Perc.-US 

combinations. 
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APPENDIX 

INSTRUCTIONS 

On the screen in front of you there will be presented a number. This is the so-called 

target-number. Remember the color in which it is printed and the number itself well! 

After the target-number disappears a page filled with numbers is presented. One 

of these numbers is the target-number. The target-number is printed in the same color 

as it was when it was presented to you beforehand. You are supposed to find the target

number as fast as possible. As soon as you have located the target-number you are to 

press the spacebar. 

To check if you really have located the target-number you will have to point it out 

to the experimenter. 

This process will then be repeated on each trial. 

If you need to take a break, just tell the experimenter and he will stop the experiment mom

entarily after the next trial. 

The first session consists of 17 practice trials followed by 68 experimental trials. The 

second session consists of 17 practice trials followed by 102 experimental trials. 

If there are any questions about this, please ask. 

Good Luck!! 
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