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Abstract: The need of using text highlighting techniques exists in various
cases. There are numerous different techniques available, among others: font
colour, background colour, underlining, font weight, font style or capitaliza-
tion. The guidelines describing the usage of colours in different contexts can
be found in many sources. Over the last century studies in this field have
been conducted but the impact of colours on the pop-out effect has not been
comprehensively investigated so far. The present study analyzes that phe-
nomenon and establishes preliminary ranking of best colours to use for text
highlighting basing on opinions of 82 students. Two highlighting methods:
text colour and background colour, with six basic colours: red, green, blue,
cyan, magenta and yellow, have been examined. The results show that sig-
nificant differences between colours exist. The stability of answers has been
confirmed but some of the data is inconsistent. Limitations as well as direc-

tions for future work are also described.

Key words: text highlighting, colours usability, visual document analytics

1. Introduction

1.1. Text highlighting

The very most of information is presented as a natural lan-
guage text. Nowadays we are struggling with huge amount
of data which leads the readers to skimming the documents
(Nielson, 1997). Because of that it is very important to at-
tract attention to the most essential ideas. It can be done es-
pecially by text highlighting. The best known methods to dis-
tinct a part of a text are: background colour, font colour, font
size, font style (italics, subscript), font weight (bold font),
font family, underlining, additional borders, letter spacing,
shadowing, or capitalization. Some work has already been
done to understand the usage of highlighting in paper and
digital documents (Churchill, 2000; Marshall, 1997; Schilit,
1998). It has also been proved that highlighting has remarka-
ble meaning in the field of educational psychology (Peterson,
1992; Nist, 1987; Silvers, 1997). Some articles had been writ-
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ten before the computer displays started to be used but they are also important to understand
the flow of studies in the area of visual analytics. This article is focused on the context of
usability of contemporary software and deepens Strobelt et al. (2016) analysis. Strobelt has
conducted an experiment where the following aspects have been determined:

— aranking of nine commonly-used text highlighting techniques,

— the degree of visual interference between pairs of highlighting techniques,

— the effectiveness of techniques for visual conjunctive search.

It was an in-depth study, however only one colour has been used for font and background
highlighting. The authors suggested developing next studies to check if there would be dif-
ferences between other colour combinations. This paper aims to verify it.

2. Colour in text

At first some basic definitions should be explained. Readability is the ease with which
a reader can understand a written text. Legibility has an influence on readability and de-
scribes the ease of distinguishing individual letters or characters from each other.

There are two main colour models: subtractive and additive. The first one explains the
mixing of a limited set of dyes which enables obtaining a wider range of colours. The most
popular subtractive model, used especially for printing purposes, is CMY (Hasan, 2012) with
cyan, magenta and yellow colours. The second one explains the mixing of a number of differ-
ent beams, the most often: red, green and blue (RGB) (Hasan, 2012), which altogether create
white colour (instead of multiplication to black in CMY model). The same colours can be de-
scribed by various models where besides hue also other visual properties such as luminance
are taken into consideration. This study is limited only to examine the 6 basic colours coming
from subtractive and additive models.

The first research in the field of using colours has been carried out by Le Courier over a hun-
dred years ago (Livre, 1912). As a result the ranking of legibility depending on font and back-
ground colour has been developed. The most legible pair was black and yellow what is quite
surprising in comparison to widely used combination of black and white. The study has been
revised in 2008 by Humar et al. (2008), who tested the legibility of a web page text presented
on CRT displays. They have proved that negative polarity (pairs yellow/ black and white/ blue)
performs best in their case. The comparison of both studies is presented in Table 1 below.

Table 1. The text legibility ranking of Humar et al. and Le Courier studies

Text/ background Study
Humar et al. Le Courier
Yellow/ black 1 7
White/ blue 2 5
Black/ yellow 3 1
White/ black 4 10
Black/ white 5 6
Blue/ white 6 4
Red/ yellow 7 11
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Text/ background Study
Humar et al. Le Courier

White/ red 8 8
Red/ white 9 3
Red/ green 10 13
Green/ white 11

White/ green 12

Green/ red 13 12

Source: Author’s own elaboration based on Humar, 2008.

Both researches have concentrated on the text legibility in general. They have not inves-
tigated the impact of colour on the highlighting techniques though. Over the next century
since the first Le Courier’s experiment a number of studies have been carried out. A substan-
tial insight has been given in a series of surveys by M. Tinker and D. Paterson (Tinker, 1928;
1929a; 1929b; 1929¢; 1929d; 1929¢; 1932; 1940; 1942; 1944; 1946; 1955; 1963). L. Mat-
thews has proved that hue, in contrast to luminance, has no statistically significant effect on
the readers’ visual performance (Matthews, 1987). The similar results have been achieved by
S. Pastor (1990). The topic has been further investigated, among others by Hill and Scharff
(Hill, 1997), van Schaik (Ling, 2002; Pearson, 2003), Wang and Chen (Wang, 2003), Hall
and Hanna (Hall, 2004) and Humar et al. (Humar, 2008). Summarizing, many various stud-
ies have been carried out but the consistent conclusion cannot be drawn. The results are often
contradictory to each other and it would be nearly impossible to establish only one colour
ranking. Despite of that Strobelt et al. (Strobelt, 2016) have proven that there are statistically
significant differences in search performance between various highlighting techniques. They
have also suggested checking if other colour combinations would have any influence on the
results. Therefore, the main objective for this study is to verify the hypothesis that the prefer-
ences in choosing the colour of text highlighting exist.

3. Method

Six basic colours have been chosen for testing: cyan (#00FFFF), magenta (#FFOOFF), yel-
low (#FFFF00), red (#FF0000), green (#00FF00) and blue (#0000FF). The background col-
our for whole document has been fixed to white and the font colour for background highlight-
ing has been fixed to black. The two types of highlighting: font colour and the background
colour, have been investigated in separate surveys. Each combination of two colours has been
shown to participants, 15 pairs for font colour and 15 pairs for background colour in total.
Each pair has been shown per 10 seconds and the participant had to fill the attached question-
naire answering the question: “Which colour would you use for highlighting the text?’. One
word located exactly in the centre of the paragraph has been highlighted. All colour variants
have been displayed to participants before the survey so that they should be well informed
about all possibilities to choose from. 82 participants have been recruited as volunteers (gen-
der: 43 females, 39 males, age 17-27). The pairs have been shown in random order. The col-
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our blind test has been carried out to exclude colour blind people from the survey, yet every-
body has passed it. The survey has been carried out twice with one hour break to check the
stability of answers. The figures below depict the exemplary pairs which have been shown
to the participants. The content has been presented on the 17" LCD display. The participants
have been sitting 1 metre in front of the screen. There were no distracters.

The results have been counted and normalized to the scale of 1-9 so that they could be an
input to the AHP matrix (Saaty, 1977). The significance of differences between colours has
been checked using ANOVA and also pairwise comparison with student’s t-test. The stability
of ranking between two runs has been checked with dependent t-test for paired samples. The
consistency of ranking has been verified with AHP. No special statistical software has been
used. The calculations have been done in Microsoft Excel.

Pair 1
A B
text text text text text text
text text text text text text
text text text text text text
text text text text text text
text text text text text text

Figure 1. The exemplary pair from the first survey: highlighted fonts (left: red, right: green)

Pair 1

A B

text text text text text text
text text text
text -text
text text text
text text text text text text

Figure 2. The exemplary pair from the second survey: highlighted backgrounds (left: red, right: green)

4, Results and discussion

4.1. Study 1: font colour

The results of the study are presented in the tables below. In Table 2 colours have been
grouped according to the results of the significance test for each pair (results from the second
run are shown in brackets). Tables 3 and 4 present AHP matrixes with coefficients calculated
as normalized count of answers for the first and the second run correspondingly.
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Table 2. The ranking of font colours

Colour G R M B C Y Mean StDev

G A 0.74 0.23
(A) (0.78) (0.20)

R B B B 0.57 0.31
(B) (B) (B) 0.57) 0.32)

M B B B 0.56 0.22
(B) (B) (B) (0.54) 0.25)

B B B B 0.54 0.26
(B) (B) (B/C) (©) (0.49) (0.30)

c C 0.38 0.30
©) (©) 0.41) (0.30)

v D 0.22 0.26
(D) (0.20) (0.26)

Source: Author’s own elaboration.

Table 3. AHP matrix for font colours, the first run

Colour R G B C M Y
R 1.00 0.36 2.95 2.17 0.84 5.10
G 2.76 1.00 4.70 5.49 4.12 6.85
B 0.34 0.21 1.00 4.51 1.78 5.29
C 0.46 0.18 0.22 1.00 0.23 3.93
M 1.20 0.24 0.56 4.32 1.00 6.46
Y 0.20 0.15 0.19 0.25 0.15 1.00

Source: Author’s own elaboration.

Table 4. AHP matrix for font colours, the second run

Colour R G B C M Y
R 1.00 0.32 3.15 1.78 1.00 5.49
G 3.15 1.00 5.88 6.85 3.93 7.63
B 0.32 0.17 1.00 2.76 1.39 5.29
C 0.56 0.15 0.36 1.00 0.56 3.54
M 1.00 0.25 0.72 1.78 1.00 6.66
Y 0.18 0.13 0.19 0.28 0.15 1.00

Source: Author’s own elaboration.

The order of colours is the same for both runs of the test. ANOVA showed significant dif-
ferences between the colours (first run: F=37.03, second run: F=38.80). The best colour for
text highlighting is green while yellow is the worst. The rest, apart from cyan, is quite good
without meaningful differences between each other. Cyan has been higher rated in the second
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run which led to weaker difference in ranking from blue, no longer statistically significant.
Dependent t-test for paired samples has proved that there are no significant differences be-
tween the runs (the biggest Z-score: 0.89). In both cases CR values are acceptable (first run:
CR=0.054, second run: CR=0.020) which means that the results are consistent.

The interesting finding is that green has been chosen as the most preferable colour. In this
study any reading context has been intentionally removed, however there are many examples
of connection between font colour and the type of highlighted text (e.g. blue hyperlinks).
Despite of this, green has been the mostly selected colour. The first three colours are com-
pliant with the ranking established by Le Courier (cf. Table 1). The low rating of yellow can
be explained by the poor contrast with white background so that the text is hardly readable.

4.2. Study 2: background colour
The results are presented just as those for Study 1.

Table 5. The ranking of background colours

Colour C Y G M R B Mean StDev

c A A 0.82 0.22
(A) (A) (A) (0.80) (0.20)

v A A/A2 A2 0.80 0.18
(A) (A) (A) (0.75) (0.21)

G A2 A2 0.70 0.17
(A) (A) (A) (0.75) (0.19)

M B B 0.35 0.15
(B) (B) (0.35) (0.15)

R B B 0.30 0.17
(B) (B) (0.31) (0.18)

B C 0.03 0.10
(©) (0.04) (0.14)

Source: Author’s own elaboration.

Table 6. AHP matrix for background colours, the first run

Colour R G B C M Y
R 1.00 0.13 8.80 0.12 0.34 0.12
G 7.83 1.00 8.61 0.28 8.02 0.27
B 0.11 0.12 1.00 0.12 0.12 0.11
C 8.22 3.54 8.41 1.00 8.22 8.80
M 2.95 0.12 8.02 0.12 1.00 0.12
Y 8.41 3.73 8.80 0.11 8.02 1.00

Source: Author’s own elaboration.
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Table 7. AHP matrix for background colours, the second run

Colour R G B C M Y
R 1.00 0.13 8.41 0.12 0.39 0.13
G 7.83 1.00 8.80 0.46 7.63 0.72
B 0.12 0.11 1.00 0.12 0.13 0.12
C 8.22 2.17 8.61 1.00 7.83 1.98
M 2.56 0.13 7.83 0.13 1.00 0.12
Y 7,80 0,38 7,80 0,26 8,20 1,00

Source: Author’s own elaboration.

The same as in Study 1 the order of colours has not changed in two runs. ANOVA showed
also that significant differences exist (first run: 298.7, second run: F=239.5). Cyan has been
evaluated as the best colour but green and yellow are just behind. They are followed by sig-
nificantly different group of magenta and red colour while blue is located at the very end
of the ranking. No significant differences between the runs have been found (the biggest
Z-score: 1.10). The AHP analysis showed that the results from the first run are strongly incon-
sistent (first run: CR=0.235, second run: CR=0.087). The same as in Study 1, the second run
had more coherent answers but they are still near the border of tolerance.

The opinions about background colours have been expressed more strongly (many values
in AHP matrixes are close to extremes). Though, the results are less consistent than those
from the first study. Pastel colours (cyan, green, yellow, magenta) are well known to be used
in highlighters. There is no meaningful difference between top three of them. Magenta has in
total lower score, probably because it is perceived as females’ colour and is not willingly used
by males. Red and blue perform well in font colour distinction but they are definitively not
a good choice for background highlighting. Especially blue has been evaluated very poorly.
It can be explained by low contrast between black text and dark background. It would be an
interesting study to check how dark background colours generate a pop-out effect with other
font colours (e.g. white or yellow). It remains, however, beyond the scope of this paper.

5. Limitations and future work

The survey has been carried out under several limitations. Only 6 colours have been taken
into consideration. The main settings (surrounding text and background, font colour in the
second survey) have been set to fixed values. The main factor differentiating the colours
was only hue. The context of reading has been consciously taken out. In future other colour
combinations can be investigated. Developing the tests under conditions closer to reality
(authentic documents or web pages) would also be a good idea. The study can be revised on
bigger data sample as well as the differences between various groups (gender, age etc.) can
be examined. The relationship between general preferences (e.g. somebody’s favourite col-
our) and colour ranking can also be investigated. Despite of the same order of colours in two
runs of each study the issues with consistency of the ranking arisen. The insufficient prepa-
ration of participants can explain the differences between both runs but this topic should be
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further investigated, e.g. more runs can be executed. The other methodology can be used to
obtain more objective results. The test environment similar to once proposed by Strobelt et
al. (2016) can be prepared or even the eye-tracking devices can be used.

6. Conclusions

This study confirms that the differences between willingness of using colours as a high-
lighting technique exist. The ranking of font colours and background colours has been estab-
lished and has not changed in both runs of the experiment (G/R/M/B/C/Y and C/Y/G/M/R/B
correspondingly). The issue with the consistency of given answers is present though. The
survey gives a preliminary insight and has potential for further development. Despite of all
limitations it can be clearly seen that incorrect usage of colour can be easily noticed by read-
ers and it has an impact on the text legibility.
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Wykorzystanie koloréw jako techniki wyrézniania tekstu

Abstrakt: W roznych sytuacjach wystepuje potrzeba
wyréznienia fragmentu tekstu. W tym celu dostgp-
nych jest wiele roznych technik, migdzy innymi:
kolor czcionki, kolor tta, podkreslenie, wielkos¢ i styl
czcionki, kapitalizacja. Wytyczne opisujace uzycie ko-
lorow w réznych kontekstach mozna odnalez¢ w wielu
zrodtach. W ciggu ubieglego stulecia przeprowadzono
liczne badania w tej dziedzinie, jednak jak dotad nie
badano wplywu kolorow na intensywnosc¢ efektu wy-

rozniania (ang. pop-out effect). Na podstawie przepro-
wadzonej ankiety i analizy tego zjawiska okreslony
zostal ranking najlepszych koloréw uzywanych do wy-
rozniania tekstu. Zweryfikowane zostaty dwie metody
(kolor czcionki i kolor tta) dla szesciu podstawowych
koloréw. Badanie zostato przeprowadzone dwukrotnie
na tej samej grupie respondentow, aby sprawdzi¢ sta-
bilno$¢ odpowiedzi. Spdjnos¢ opinii zostata zbadana
przy uzyciu metody AHP. Wyniki wskazuja, ze istnieja
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znaczne réznice mi¢dzy kolorami. Preferencje zostaty
pogrupowane w klasy. Stabilno$¢ odpowiedzi zostata
potwierdzona, jednak niektore wyrazane poglady nie
s spojne. Przeprowadzone badanie stanowi wstep do

omawianego tematu. Wiele czynnikow pozostaje poza
zakresem niniejszego artykutu i stanowi potencjal do
dalszych eksperymentow (m.in. specyfika kulturowa,
odcienie kolorow, kontekst prezentacji).

Stowa kluczowe: wyroznianie tekstu, kolory w tekscie, wizualna analiza dokumentu




