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In an increasingly digitized world, readability of text from display screens becomes very important and relevant in 
educational, industrial, and entertainment settings. More information is shared through web sites as well as presentation 
slides. Some of these media may tend to use an aesthetically-driven graphical design, not necessarily considering the 
need for the text to have high readability. This becomes more necessary considering viewers with varying levels of 
visual acuity and eyesight. Multiple factors can potentially affect legibility of text, such as the color of the 
text/background, font type, and font size. 

Factors affecting readability
Several studies have been conducted on what are the factors that impact readability of a text from a display screen. 
Colors of text and background have been shown to affect readability (Gradisar et al., 2006). Choices of colors that have 
low contrast were shown to result in poor visual performance and a higher chance of inducing eye fatigue. (Lawoyin 
et al., 2015) While such studies mainly relied on reading speed, very few of them focused on other features of reading 
such as saccadic features despite that they were shown to have an impact on different mechanics of reading. 
(Strukelj and Niehorster, 2018). A study by Jiménez et al. (2020) showed that the text-background color combination 
modulates the accommodative and pupillary dynamics during a 2-minute reading task. (Fig. 1)  However, 
parameters of ocular motility causing these eye movements (saccades) associated with text-background color 
manipulations remain poorly understood. Horizontal eye movements, produced by the medial rectus (MR) and the 
lateral rectus (LR) muscles, were shown to be heavily involved in reading-associated saccades and can be measured 
using a relatively simple and reliable electrooculography (EOG) technique (Leigh and Zee, 2015). More nuanced 
understanding of how text-background color combinations affect saccades and readability would make it easier to 
develop clear guidelines for displaying text and improve legibility of printed or screened materials in different contexts 
and fields. Thus, we focused in our study on examining saccades associated with text-background color combinations 
and how it affects readability.  

Aims and hypothesis
In the present study, readability is defined as the feature pertaining to an individual’s ability to read sentences from a 
presented visual stimulus easily irrespective of their meanings. In the present report,  the number of saccades was 
measured to determine scacadic frequency. Because accommodative response was shown to be sensitive to the 
chromatic components of the stimulus (Rucker and Kruger, 2004), it was hypothesized that non-complementary 
colors (Fig. 2) would result in a higher saccadic frequency suggesting a larger accommodative response when 
compared to the complementary colors group and the baseline. 

The saccadic frequency was measured through EOG recordings (Fig. 3) of the number of the horizontal eye 
movements over the total time it took the participants to fully read a sample text in a given experimental manipulation. In 
this context, higher saccadic frequency would suggest a larger accommodative response that is compensatory in the 
case of non-complementary colors when compared to the complementary colors group and the control group or the 
baseline.

Six healthy college students (4 females, and 2 males) aged 20 - 22 years old performed the reading tasks as well as the 
Ishihara color blindness test. The Ishihara color blindness test (Marey et al., 2014) was used as a reliable tool to 
eliminate any potential significant individual differences in viewing the colors used in the study. Participants, volunteered 
in the context of the NEUR355 class, read several paragraphs (Fig. 4) excerpted from the same source from a display 
screen 50 cm away from their eyes. The colors of the text and the background were examined in three levels. 
Complementary colors (blue, and orange), non-complementary colors (red, and pink) were used as two levels of the 
contrast independent variable. Baseline colors (black, and white) were used to achieve maximal contrast between the 
text and the background. Rather than the speed of reading, comparing saccadic frequencies (Fig. 5) across the 
experimental and control groups was the focus of the present investigation. Student’s t-test was used to evaluate the 
difference in the average saccadic frequency (ASF) across the complementary and non-complementary color 
combinations.

50 cm 

It was found that the use of complementary colors (red and pink) for background and text colors led to a higher average saccadic 
frequency (ASF) compared to the control and the average saccadic frequency (AFS) for non-complementary colors (blue and orange).

Two comparisons were made to assess the effects of text/background color combinations on ASF. The first comparison was made 
between the average saccade frequency for all participants in the control, and the two experimental conditions. The second comparison 
was made between the ASF difference between the two experimental groups across two orders of display: the order group 
(complementary color combinations displayed then non-complementary colors) and the reverse group (non-complementary color 
combinations displayed then complementary colors). 

Use of complementary colors in text/background increases ASF
It  was found that sample texts that had a combination of complementary colors (2.01 ± 0.62 saccade/second) led to higher ASF compared 
to the complementary color combinations (1.43 ± 0.41 saccade/second) and the control (1.72 ± 0.52 saccade/second) (Figure 1). There 
was a difference, though not significant, between the average ASF in the complementary color combinations group compared to the 
non-complementary color combinations group across all 7 participants. (P= 0.066, Paired t-test; mean ± SD; N= 7). No significant 
differences were found between  the non-complementary color combinations and the control. 

Order of display had no significant impact on ASF
In addition to adding a control text/background color combination, the order of displaying the sample texts was varied across participants. 
There was no significant difference between the order group (complementary color combinations displayed then non-complementary 
colors) and the reverse group (non-complementary color combinations displayed then complementary colors). (Figure 2) (P = 0.749, 
Unpaired t-test; mean ± SD; N= 4,3). 

In order to further confirm that the differences between the two groups were due to the contrast between the two colors used rather than 
the order of display, the relative effect size for the order of display was determined to be at %21.6 ( | Difference in ASF between the order 
and reverse groups ÷ difference in ASF between the complementary color combinations and non-complementary color combinations | x 
100). 

   p = .066 n.s.

It was found that the use of complementary color combinations (blue and orange) produced a higher ASF when compared to the 
non-complementary color combinations (red and pink) and the control combination (white and black) for text and background colors. 
Additionally, there was no significant difference when the order of display was varied further showing that the effect on ASF was mainly 
due to the change of the contrast between the text color and the background color. Surprisingly, the data suggest that colors of different 
shades (further apart on the electromagnetic spectrum) may elicit higher frequency of eye movements compared to colors of similar 
shades (closer to each other on the electromagnetic spectrum). 

While these findings do not support our initial hypothesis, they do propose a reasonable relationship between the level of contrast of the 
text color and the background color and the saccadic frequency. Considering the increase in ASF and its relationship to discomfort and 
readability, it would be worth studying to include more measures of readability such as pupil dilation which can be indicative of energy 
expenditure and eye fatigue. 

An alternative hypothesis that could be developed may argue for higher saccadic frequency as a measure of visual comfort rather than 
discomfort. This may pave the way for studies that further examine how more eye movements may be indicative of visual comfort and 
whether that is the case. Alternatively, it could be argued that saccade duration rather than the number of saccades or reading speed is a 
more indicative measure of readability. In the future, it can be useful to study features of individual saccades such as duration and how 
that might contribute to readability.

Figure 1: 
Illustration showing 
how different color 
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Figure 3. The experimental setup and the EOG electrodes 
placement that was used in the study as well as 

Figure 4. Samples texts of each of the four combinations 
displayed on the screen for participants.

Figure 5. Event-related potentials [ERPs] denoted 
by the white circles and correspond 
reading-associated saccades

Figure 6. ASF in complementary colors and non-complementary colors conditions compared to 
the control group. Complementary color combinations showed an increase in ASF when compared 
to the non-complementary color combinations. (p= 0.066, Paired t-test; N= 7).

Figure 7. Effect of order of display on saccade frequency. There was no significant difference 
between the order group (complementary color combinations displayed then non-complementary 
colors) and the reverse group (non-complementary color combinations displayed then 
complementary colors). (P= 0.749, Unpaired t-test).
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