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Effects of Colour Combination on Short-Words Processing Speed

Nace PUSNIK, Anja PODLESEK, Uro$ NEDELJKOVIC, Klementina MOZINA

Abstract: In television broadcasts, important information is often conveyed with short inscriptions. In such elements, the typeface, letter case, positioning, timing and colour
combinations may affect the speed of information processing to the level of recognition. It is therefore necessary to choose an appropriate combination of these properties.
In the present study, we were especially interested in the effects of applied colours in connection with the above-mentioned factors. The speed of recognising three-letter
words was measured in different experimental conditions where the typeface of the inscription, its position and colour combination varied. Two typefaces (i.e. Calibri and
Georgia), two letter cases (i.e. upper-case and lower-case), two positions (i.e. upper left and right) and four colour combinations (i.e. white on blue, blue on white, white on
red and red on white) were tested. The results showed that colour combinations affected the speed of word processing to the level of recognition.
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1 INTRODUCTION

While watching television informative programmes,
we mostly focus on the video and sound. However, some
important information, e.g. the location of a certain event
or the identity of the person speaking, is also conveyed
through graphic elements (indications). In such elements,
the typeface, letter case and position of their presentations
may affect the speed of processing information to the level
of recognition [1-3]. It is hence necessary to choose an
appropriate combination of these properties. The present
study examined to what extent, in comparison to, for
example, typeface, letter case and location of indication
presentation, the recognition threshold is affected by the
colour combination.

The television technology has rapidly developed in
terms of technological improvements [4]; however, at the
same time, the area of ergonomic requirements and related
graphic design has been put aside. Graphic design should
receive more attention as it may affect the processing of
information presented on the screen. The effect of colours
in connection with appropriate typography on information
processing has been studied less than expected. Both,
technology and design factors, should be taken into
account since both areas are important for effective
exploration and implementation of improvements [5—8].

Short inscriptions can appear on a screen during
television news. In most cases, they inform the viewers
about the facts that could be important for them, e.g. sport
results, election results, upcoming content etc. The viewer
should therefore be able to receive and process the
information. The latter should be presented in a way which
is convenient for the user, not requiring too much effort for
comprehension. Limitations can occur since short
inscriptions are present on the screen for a limited period
of time, during which the viewer may not be focused on the
screen content. The question arises as to how short
inscriptions should be presented on the screen to be
processed in a minimum amount of time and with
minimum attention resources. Certain typefaces and other
relevant characteristics of information presentation may
lead to quicker and more efficient processing than others
[9-11].

Common guidelines of typeface application for titles
of short duration (excl. subtitles) are somewhat vague,

since there is a lack of research on the practical use of
typography in this area. For this reason, the present study
focused on how the shape of letters, letter case, position on
the screen and especially colour combinations affect word
legibility in the case of short titles presented in a limited
amount of time. We studied recognition thresholds, i.e. the
minimum time needed for recognition (correct recall) of
the presented title. The importance of title position was
pointed out by Leckner [12]; however, present study also
wanted to address the role of other factors (i.e. shape of
characters, colour combination) in title recognition and
their interaction with the title position.

Inscriptions in news programmes are rarely shown in
isolation. In practice, they are put on coloured backgrounds
to increase their visibility, making them easily
distinguishable from the video, which is typically essential
and attracts attention to a greater extent [13—17]. The
choice of colour of the text and background is not trivial.
The colour combination can affect our decisions
subconsciously [18]. For example, in line with the research
on the applicability of colours [19, 20] in advertising, it is
recommended that specific colours be selected to suit an
individual stakeholder group. Furthermore, colour may
benefit the working memory [21].

The news programmes often use a combination of
white, red and blue colours (cf. Fig. 1, Examples of
corporate identities of TV news), trying to achieve a good
colour contrast and visibility. For example, a white (light)
text is combined with a blue background (cf. Fig. 1, Panels
A-B), a dark blue text is presented on a background of
higher brightness (cf. Fig. 1, Panel C), a white text is
presented on a red background, or vice versa (cf. Fig. 1,
Panels D-F).

The method of reporting news differs between national
and commercial informative programmes — commercial
television stations tend to present news in a more
sensational way. They may want to use red combined with
white for titles, since the red colour is associated with
danger, aggression or fear [28, 29]. It can activate
avoidance motivation and enhance performance on detail-
oriented cognitive tasks [30]. In turn, it can lead to greater
attention given to short inscriptions that will appear during
the broadcast. On the other hand, national television
channels tend to follow the principle of authenticity more,
using a calm mode of providing information. Therefore, in
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many cases, they use white and blue colour combinations.
The blue colour is supposed to represent trust, hope and
serenity [28]. Despite the subdued tone, the combination of

Panel A. NBC news (NBC, 2015).

2TV VA

Pancl B. ORF news (ORF, 2016).

| ZIB | Volumen &ffentlicher Inserate geht ziiriick

Panel C. RTVSLO news (RTVSLO, 2014).

. Varéevanje potrjeno, ¢as je za rast

white and blue can affect the recipient and is a visible
source of additional information [29, 31, 32].

Panel D. RTL news (RTL, 2015).

HEUTE UM MITTERNACHT

PP
& NACHT
JOURNAL

Panel E. SKY news (SKY, 2015).
BREAKING NEWS EETEINIEEL

POLICE: BRANCH OF B&Q "COMPLETELY DESTROYED'
ZEMED THAT THE BRANCH OF B&Q WAS "COMPLETELY DESTROYED" IN THE FIRE, BLAMING PETE

Panel F. POP TV news (Pro Plus, 2016).

ENO LETO OD KATASTROFALNIH POPLA
24ur.com Prebivalci bosanske vasi Ali¢i so zaskrbljeni,

saj po poplavah niso dobili nob pomodéi

Figure 1 Examples of corporate identities of TV news

The typeface selection and the way inscriptions are
presented affect recognition speed and inscription recall
[10, 33-36]. For presenting inscriptions on LCD screens,
it would be advisable to select typefaces that are primarily
derived from the group of linear typefaces. However, the
use of serif typefaces does not present a problem [37, 38],
since modern technology can use along with the linear
typefaces also serif typefaces which were originally
designed for the screen. In the past, serifs (additional
elements on letters), especially serifs in the form of thin
lines, could cause problems, since they represent relatively
small parts of letters that the television technology has not
been able to display adequately [35, 38]. In addition to the
typeface selection, an important aspect of displaying letters
is the size of letters and letter case. The latter is related to
the decision about the use of lower vs. upper-case letters
[3, 9, 38—40]. Due to their structure, upper-case letters
occupy a larger area, which is to be an advantage. Upper-
case letters are due to their size more visible. Information
should hence be more quickly detected and processed to
the level of word recognition and also more correctly
recalled from the memory. On the other hand, words in
lower-case letters form a shape which at fast reading
significantly contributes to the understanding of what we
read. Our previous study [3] showed that upper-case letters
are processed faster compared to lower-case letters when
both are presented in the same size. However, the
difference in the processing speed diminishes when the x-
height of lower-case letters is increased to the size of
upper-case letters [40]. When the x-height of lower-case
letters is increased, the legibility of letters becomes
comparable to the one of upper-case letters.

On the television screen, inscriptions can be placed in
four positions in the corners of the screen (i.e. the most
common practice). The most common positions in practice
are the bottom left and right, and the top left and right
corner. Most often, in the lower left position, information
about the person on the screen (name and surname,
sometimes their profession, education, job etc.) is
presented during the broadcast. The question arises why
the inscriptions are typically shown at the bottom and not

at the top of the screen [41—-43]. When considering the
actual position of the viewer in front of the television
screen, the viewer’s eyes are often aligned with the upper
rather than the lower half of the screen [34, 44, 45]. If
looking straight ahead, the apparent path the viewer must
make to see and read the inscription in the upper part of the
screen is shorter, which is why short titles presented at the
top of the screen could be processed more efficiently
[46—48].

The aim of our study was to determine how colour
combinations affect the legibility of short inscriptions
presented on an LCD screen. In controlled laboratory
conditions, short titles were presented in the upper part of
the screen for a limited time. The recognition threshold, i.e.
the minimum time needed for short titles to be detected,
recognised and reported (repeated) correctly, was
measured in different experimental conditions. The aim of
the study was to examine recognition thresholds with
different colour combinations. Four colour combinations
were tested, two positives (red on white and blue on white)
and two inverses (white on red and white on blue).
Additionally, the effects of variations in typeface (serif vs.
sans-serif typefaces), letter case (lower vs. upper-case
style) and position on the screen (upper left, upper right
corner) were taken into consideration. We wanted to
examine if these additional factors interact with the effects
of colour combinations on the legibility of short titles.

2 METHOD

In the experiment, we used a 2 (typefaces: Calibri,
Georgia) x 2 (letter cases: upper, lower) x 2 (positions: top
left, top right corner of the screen) x 4 (colour
combinations: blue-on-white, red-on-white, white-on-blue,
white-on-red combinations) repeated-measures
experimental design, which resulted in 32 experimental
conditions.

Due to a large number of experimental conditions, the
experiment needed to be split into two experimental
sessions. One session was composed of upper-case letter
conditions, while the other session was composed of lower-
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case letter conditions. There was a two days’ interval
between the two sessions. The participants were randomly
split into two groups. One group of participants took part
first in the session with a lower-case style and then in two
days, it continued with the second session that contained
upper-case letter conditions. The other group participated
in the sessions in reverse order. To achieve optimally
objective data, the effect of memory needed to be
minimized for the first testing not to influence the results
of the second testing.

Our experiment included short captions (or short
words); all the presented words were meaningful and were
taken from Dictionary of Slovene Literary Language. The
purpose of comparing both types of typefaces was to
determine if they differ in recognition time (legibility) also
when presenting short words instead of extensive text, for
which the dominance of serif typefaces is well known [49,
50].

A constant number of letters composing the words
guaranteed that the area covered was comparable within
lower-case letter words (and within upper-case letter
words) [51]; the extent of the coverage area varied only due
to the shape of letters [52]. Since our experiment was

connected strictly to the use of typefaces for short
inscriptions which are presented on the television screen,
our focus was the letter size which is appropriate for the
on-screen presentation. In our case, other effects (colour,
position) were involved to see how all these variables
affect (according to the typeface) the processing speed
when controlling fast reading. Some findings are similar
(e.g. better usefulness of serif typefaces); however, the
main difference is in the presented time interval. When
reading a longer text (book, ingredients), the user can
decide for how long the text will be presented, whereas in
the case of short inscriptions, the presentation time is
limited. Therefore, the effect of all variables connected in
this research is important.

We examined the legibility of the sans serif (Calibri)
and serif (Georgia) typeface (cf. Fig. 2). Despite belonging
to different classification groups of typefaces, they have
some common characteristics, e.g. they have a comparable
level of x-height and they were both designed for use on-
screen. The typefaces were tested in bold version (both
typefaces in size of 40 px). A larger number of
points/pixels has a positive effect on visibility [53, 54].

Jeorgia

T(d)

(x) x-height

(c) capital height

(a) ascender (d) descender

Figure 2 Typefaces used in study

The tested colour combinations were composed of
three colours (hex values are given in brackets): white
(#LTETTY), red (#ff0000) and blue (#0000ff), similar to the
resecarch by Humar et al. [55]. The four colour
combinations (red on white, blue on white, white on red,
and white on blue) and the typefaces in the tests are shown
in Fig. 3 (the same three colours can be seen in Fig. 1; these
colours being in use might have ecological validity).

Calibri Bold

ESGakj
ESGakj

Georgia Bold

ESGakj
ESGakj

ESGaliJlIES Gak)
EsGakjJIESCak)

Figure 3 Examples of used colour combinations and typefaces

The words were presented on an LCD screen (HP
ZR24w) with the resolution of 1920 x 1200 pixels and
pixel pitch of 0.270 mm (distance between the centres of
two pixels), visual angle of a pixel was 0.0259° (1' 33.24").
The screen had 60 Hz refresh rate and included an anti-
glare filter. At these conditions, the letters and their parts
were perceptually smooth in both typefaces, i.e. serif and
non-serif ones. Since the screen resolution was high, letters
did not have a jagged effect noticed by the naked eye. Both

typefaces have an appropriate counter shape, which helps
with a clear presentation of letters on a screen.

Since in the study by McCalley [56], participants had
difficulties when the testing was done with the moving
background picture and since using different dynamic
background videos could affect the recognition of
inscriptions, we chose to hold the testing conditions
constant and decided to use the grey background of the
screen.

The lighting conditions in the experiment were in
accordance with the standards ISO 3664:2009 [57] and ISO
9241-307:2008 [58]. The first standard was used for the
lighting conditions of the surrounding (set to neutral grey
colour and with reflectivity minimal according to the
standard) and the second was applied to control the lighting
conditions of the screen. The resulting luminance of the
LCD screen was between 80 and 160 cd/m?. We did not
put excessive emphasis to visual acuity, since we assumed
that the surrounding of the room the experiment took place
in is appropriate for a larger group of participants.

According to wusability studies [59-61], twenty
observers (10 females and 10 males with the average age
of 25.1 years) participated in the experiment. All of them
had according to their reports normal or corrected-to-
normal vision (either wore glasses or contact lenses). No
major difficulties with eyes were reported. The observers
were given 10 minutes to adapt to the surrounding
conditions of the laboratory before the experiment started.
During this time, the experimental procedure was
explained to the participants. Before the start of the
experiment, instructions were also written on the screen,
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where the participants were able to read them once again.
The design was a within-subjects experimental design;
therefore, individual differences were constant across
experimental conditions. The participants were asked
about their eye health and no one mentioned major eye
problems. Furthermore, different people watch television
at home, in pubs, local shops, on a big or a small screen, on
a mobile phone, tablet etc. The viewing conditions in such
situations are not appropriate according to standards.

The distance between the participant and the screen
was 65 cm and was constant for all participants (according
to the instructions of the manufacturer, the approximate
distance of 65 cm should result in the coverage of the entire
measured area). The distance was measured before the
experiment and controlled during the experiment with the
help of an eye-tracking device TOBII X120, which has the
ability to check the appropriate distance between the
participant and the screen before each trial. Before the eye
tracking recording started, the user was taken through the
calibration procedure (Tobii Studio, User’s Manual,
Version 3.4.5; [62]). The participants were instructed to
look at the fixation point that appeared in the centre of the
screen at the beginning of each trial. 250 ms later, the
fixation point disappeared and the chosen word appeared
at one of the two positions on the screen. The participants
were instructed not to move during the experiment. Some
of them, however, moved their head or the upper part of
the body too extensively. These data were hence not
considered in the analysis.

Within each experimental session, the staircase
method series for measuring the recognition threshold in
16 experimental conditions were intermixed randomly. For
each trial, the word was chosen randomly without
replacement out of the pool of 200 three-letter words.
When the entire pool was used up, a new sampling started.
With some participants, the same word was presented
twice within a single series; however, this was hardly ever
the case. The 150 ms recognition threshold is a
consequence of the fact that the words were not presented
at the fixation point, but in the visual periphery. All
presented words were 195 mm away from the centre of the
screen. The vertical distance between the centre of the
screen and the centre of the presented word covered 8.3° of
the visual angle, and the horizontal distance covered 14.7°
of the visual angle. Therefore, words were presented
approx. 16.9° of the visual angle away from the fixation
point, in the upper left or upper right position on the screen.
No cue was given to the participants where the next word
was going to be presented. Due to the fact that attention
was first focused to the fixation point and later when the
stimulus appeared needed to be shifted towards a new
location, 150 ms recognition times seem reasonable. For
example, Carlson et al [63] found that latencies for
orienting towards a peripheral stimulus being cued were
around 140 ms (even though in their study participants
needed to make only a 7° shift, the visual task they had to
perform required higher processing precision).

We decided to choose the staircase method, as this
method usually gives the estimation of the threshold very
quickly, e.g. in 20-25 trials per experimental condition. If
we wanted to try to derive recognition accuracy measures
for each individual, this would mean that for each of
different durations of the word presentation, at least 50

trials should be conducted to determine recognition
accuracy with high enough precision (2-percent precision).
Since the differences between experimental conditions
were expected to be very small and lower than 2-percent
precision in estimating recognition accuracy, we decided
to rather use the staircase method, which is among the most
used adaptive methods in psychophysics. Being adaptive,
it can also take into account (and adapt to) inter-individual
differences, which is typically not the case with the classic
accuracy measures.

For each experimental condition, the percentage of
correct recognitions of words with different durations was
calculated for all participants. In separate analyses,
individual recognition thresholds obtained in different
experimental conditions were entered into the analysis of
variance to examine the effects of independent variables.

3 RESULTS AND DISCUSSION

Words had to be presented for approx. 150 ms on the
screen to be correctly recognized. The average recognition
threshold in different experimental conditions was 150.2
ms (SD = 12.3 ms). Fig. 4 shows the group total percentage
of correct recalls in different experimental conditions. The
fastest increase in the recognition curve was obtained in the
condition where white upper-case letters were presented on
a blue background. Recognition was worst at the upper-
case red-on-white condition.

100.00 T
90.00 T %
= 80.00 1+
=
gz 7000 T
g
‘E 60.00 T
T —=—UPPER: red on white
5] 5000 1 —=— UPPER: blue on white
g 40.00 T UPPER: white on red
z 3000 + —=—UPPER: white on blue
E : —*— lower: red on white
2000 T / —=*—lower: blue on white
10.00 + lower: white on red
: —*— lower: white on blue
0,00 |

30 70 110 150 190 230 270 310
t [ms]
Figure 4 Correct answers for all participants in eight experimental conditions

We wanted to assess the effects of the four examined
factors (i.e. colour combination, typeface, letter case and
position) on the recognition threshold. Prior to performing
the four-way repeated-measures analysis of variance, we
took into account the fact that the words we used in our
measurements covered different word areas. Since it was
found in one of our previous studies that the recognition
threshold is negatively correlated with the word surface
area [3, 40], we first used the linear regression analysis and
predicted the recognition threshold based on the word area,
and then performed ANOVA on the residuals, i.e. on the
differences Dbetween the observed and predicted
recognition threshold. The analysis of the residuals enabled
us to study the effect of the factors of our interest with a
simultaneous control of the word surface area. The results
of ANOVA of the residuals are shown in Tab. 2. Where the
sphericity assumption was violated, the Greenhouse-
Geisser correction of degrees of freedom was used.
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Table 1 Descriptive statistics of residuals (remaining after effect of word area was eliminated from recognition thresholds) (in ms) for different experimental conditions

Colour combination P Top left - —— Top right -
(Text/background) Calibri Georgia Calibri Georgia Average
M SD M SD M SD M SD M SD

Lower-case
Red/white -9.9 19.2 -11.8 24.9 6.5 25.3 2.5 18.5 -1.7 22.1
Blue/white 5.8 30.7 -20.5 232 -8.4 29.1 -12.6 21.0 -11.8 26.4
White/red 0.6 17.9 -0.1 18.3 8.7 18.1 12.7 17.3 5.2 18.5
White/blue 0.6 23.8 -12.9 21.1 5.2 17.8 -3.2 18.6 2.9 21.1

Average 4.2 233 -11.3 22.8 -0.25 23.8 -1.4 20.7 4.3 23.0

Upper-case
Red/white 9.8 243 20.3 213 -10.6 31.5 0.6 23.6 5.0 27.5
Blue/white 9.7 19.8 7.2 22.2 -11.4 29.5 -39 28.0 0.4 26.2
White/red 21.5 20.9 12.0 18.3 4.0 18.2 4.0 21.1 104 20.6
White/blue 11.8 21.9 15.9 23.9 4.7 19.5 2.9 274 7.4 24.0

Average 13.2 21.9 13.9 21.7 -3.3 26.1 -0.6 24.9 5.8 24.9

Table 2 Results of ANOVA of recognition threshold

Source of variability SS daf MS F P N Results of post-hoc comparisons

T 231.49 1 231.49 0.98 758 0.00

Error (T) 45053.65 19 2371.25

LC 16289.52 1 16289.52 56.98 .000 0.75 Lower-case < upper-case

Error (LC) 5431.58 19 285.87

P 2925.40 1 2925.40 4.46 .048 0.19 .

Error (P) 12462.93 19 655.94 Top right < top left

CC 15630.57 3 5210.19 4.82 .005 0.20 . .

Error (CC) 61636.68 57 108135 Blue on white < White on red

TxLC 1382.37 1 1382.37 5.16 .035 0.21

Error (T x LC) 5093.48 19 268.08

TxP 649.92 1 649.92 1.57 225 0.08

Error (T x P) 7855.36 19 413.44

TxCC 3181.04 3 1060.35 2.11 110 0.10

Error (T x CC) 28714.99 57 503.77

LCxP 20000.59 1 20000.59 39.17 .000 0.67

Error (LC x P) 9700.96 19 510.58

LCxCC 1420.24 1.80 790.33 1.67 205 0.08

Error (LC x CC) 16139.26 34.14 472.69

P xCC 1086.16 3 362.05 0.81 493 0.04

Error (P x CC) 25448.81 57 446.47

TxLCxP 154.89 1 154.89 0.36 .556 0.02

Error (T x LC x P) 8189.83 19 431.04

TxLCxCC 2264.84 3 754.95 2.06 115 0.09

Error (T x LC x CC) 20872.08 57 366.18

LCxP xCC 337.85 3 112.62 0.29 .834 0.02

Error (LC x P x CC) 22275.15 57 390.79

PxTxCC 1073.19 3 357.73 0.94 427 0.05

Error (P x T x CC) 21686.16 57 380.46

TxLCxPxCC 614.48 1.94 316.38 0.51 .602 0.03

Error (T x LC x P x CC) 23073.85 36.90 625.26

Note: T— Typeface, LC — Letter Case, P — Position, CC — Colour Combination

Tab. 1 shows the average residuals in different

experimental conditions. The larger the average residual in
the experimental condition, the longer the recognition time
and the slower the speed of processing the stimuli to the
level of recognition. The results in Tab. 1 do not
completely correspond to those presented in Fig. 4. It needs
to be kept in mind that Fig. 4 and Tab. 1 show different
data — the raw percentage of correct recognitions at
different durations of word presentation (cf. Fig. 4) vs. the
average residuals taking into account the word area (cf.
Tab. 1). We decided to focus on the latter when
determining which of the studied factors affects the
recognition threshold.

As it can be seen in Tab. 2, letter case, position and
colour combination had a statistically significant effect on
the recognition threshold. The interaction between the
typeface and letter case was also statistically significant, as
well as the interaction between the letter case and position.
When upper-case words were presented in the top left and
top right position, the average recognition threshold

residuals were 13.5 ms and —1.9, respectively, and when
lower-case words were presented in the top left and top
right position, the average recognition threshold residuals
was —7.8 ms and —0.9, respectively. Therefore, the
difference between the two positions was greater for the
upper-case words than for the lower-case words (indicating
the LC % P interaction). Overall, the average residuals were
larger for the top left position (2.9 ms) than for the top right
position (—1.4 ms), indicating the main effect of position —
words were processed faster in the top right position
compared to the top left position. Additionally, words were
processed faster when written in lower-case letters
(average residual was —4.3 ms) than when written in upper-
case letters (average residual was 5.8 ms).

With regard to the LC x T interaction, the upper-case
words were processed faster (average residual was 4.9 ms)
when written in Calibri than when written in Georgia
(average residual was 6.7 ms), whereas the lower-case
letters were processed faster when written in Georgia
(average residual was —6.4 ms) compared to Calibri
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(average residual was —2.2 ms). The overall difference
between the two typefaces was not substantial and was not
statistically significant (average residual was 1.3 ms for
Calibri compared to 0.1 ms for Georgia).

Colour combination had a statistically significant main
effect on the recognition threshold. The overall average
residual was —1.3 ms for the red-on-white, —5.7 ms for the
blue-on-white, 7.8 ms for the white-on-red and 2.2 ms for
the white-on-blue colour combination. Therefore, across
the position and typeface, blue-on-white words were
processed the fastest, followed by the red-on-white colour
combination, and in conditions with negative colour
combinations, longer times were needed for word
recognition. The Sidak post hoc test showed that among all
possible pairwise differences, only the difference between
the blue-on-white and the white-on-red colour
combinations reached statistical significance.

4 CONCLUSION

In this study, we wanted to determine what impact
colours have on the recognition speed of short titles
presented in the upper part of the LCD screen. The effect
of typographic properties was also taken into account. We
found that in general, words were processed faster when
shown in lower-case style. For the words presented in the
left upper part of the screen, the difference between the
recognition thresholds for lower- and upper-case words
was substantial, whereas for the words presented in the
right upper part of the screen, the difference was very
insignificant.

The main concern of this study was the effect of colour
combination on recognition thresholds. Positive colour
combinations (more specifically, the colour combination
blue on white) were processed faster than negative colour
combinations (white on red). This could be explained with
the effect of luminance contrast on the reading
performance. A higher level of luminance -contrast
enhances the reading performance [18]. In the blue-on-
white colour combination, the luminance of characters was
low and the luminance of the background was high.
Therefore, the luminance contrast was high. According to
Humar et al. [55], who used comparable stimuli (cf. Fig.
4), the luminance contrast, calculated as the Michelson
contrast, was 0.89. In the red-on-white colour combination,
the luminance of both characters and the background was
high and the luminance contrast was lower (its value was
0.76) compared to the blue-on-white colour combination.
This resulted in worse reading performance. Furthermore,
global luminance processing might have had some
influence on the processing of the target word [64]. The
screen was light grey and the luminance contrast between
the characters and the grey background was larger in the
blue-on-white colour combination than in the white-on-red
colour combination [65]. Higher contrasts result in better
performance, regardless of the text colour [66]. A moderate
or even a high colour contrast does not guarantee quick
visual perception [21] if the luminance contrast between
the characters and background is small [67]. Our study
shows that when the processing of stimuli needs to be fast,
the choice of colour for the text and the background to
ensure good luminance contrast is imperative.

Figure 5 Practical examples of same size circles on light and dark background

A limitation of this study is that only two typefaces and
two positions were studied. Nevertheless, typefaces
representative of two different large groups of typefaces
were used. Moreover, the used size of letters can represent
a limitation. Further research should involve smaller sizes
of letters. Also, short inscriptions were only presented in
the upper left and right positions of the screen. These
positions were chosen since in many west European
countries, the lower part of the screen is reserved for
presenting subtitles (e.g. in movies or in news for viewers
with hearing disabilities). Thus, all other short information
should be located in the upper screen positions to avoid the
overlapping of subtitles and short inscriptions. Another
limitation which has to be mentioned is the static
background picture. To limit the number of independent
variables, we decided to test short inscriptions on a static
background. Further investigation should consider
developing comparable dynamic background pictures and
testing short inscriptions on such backgrounds.

We found that the colour combination (positive or
inverse) significantly contributes to the speed of processing
short titles to the level of recognition. With an appropriate
colour selection and colour combinations, we can aid fast
processing of information presented on the screen, which
is important especially when information is presented for a
limited amount of time. The results of our study indicate
that a high luminance contrast between the letters and
global, not merely local background, lead to faster
processing of information.
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