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Abstract

This study examined how drivers’ eye fixations change before, during, and after recognizing road
markings, and how these changes relate to driving speed, visual complexity, cognitive functions, and
demographics. 20 licensed drivers viewed on-board movies showing digit or letter road markings
while their eye movements were tracked. Fixation positions and dispersions were analyzed. Results
showed that, regardless of marking type, fixations were horizontally dispersed before and after
recognition but became vertically concentrated during recognition, with fixation points shifting
higher (p < 0.001) and horizontal dispersion decreasing (p = 0.01). During the recognition period,
fixations moved upward and narrowed horizontally toward the final third (p = 0.034), suggesting
increased focus. Longer fixations were linked to slower speeds for digits (p = 0.029) and more letters
for letter markings (p < 0.001). No significant correlations were found with cognitive functions or
demographics. These findings suggest that drivers first scan broadly, then concentrate on markings
as they approach. For optimal recognition, simple or essential information should be placed centrally
or lower, while detailed content should appear higher to align with natural gaze patterns. In high-
speed environments, markings should prioritize clarity and brevity in central positions to ensure safe
and rapid recognition.

Keywords: driving; road marking; fixation; driving speed; visual recognition; on-board movies

1. Introduction

Driving is a critical activity that supports daily living, employment [1], personal independence
[2], and overall quality of life [3], making it socially essential. Simultaneously, driving is a complex
task that demands continuous visual attention to detect and avoid potential hazards such as
surrounding vehicles, road obstacles, and pedestrians [4], as well as to recognize traffic and guide
signs accurately [5,6]. Inadequate visual recognition can significantly increase the risk of traffic
accidents [7]. Therefore, accurate visual recognition of traffic signs, road markings, and other
environmental cues is vital for safe driving.

Among these cues, road markings—such as digit-based indicators of speed limits and letter-
based warnings of road conditions—play an essential role [8-10]. Because road markings occupy a
substantial portion of the driver field of view, they serve as an effective medium for conveying
important information [11]. They contribute to safer driving by encouraging speed reduction and
hazard avoidance, particularly at intersections and on curves [12-14]. Consequently, road markings
must be designed for quick and accurate recognition.

However, fundamental data on the fixation behavior of drivers when recognizing digit- and
letter-based road markings remain lacking, and whether current road markings are consistently easy
to recognize is unclear. Previous studies have shown that both the amount of information on signage
and driving speed affect the recognition of roadside or overhead guide signs [5,6,15], suggesting that
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similar factors may influence the road marking recognition. Therefore, understanding fixation
behavior during the recognition of these markings is essential to improving their design.

In this study, we used on-board video recordings and eye-tracking technology to examine how
drivers recognize digit and letter road markings. We analyzed the differences in fixation behavior
between these two types and investigated how fixation is influenced by driving speed and the
number of stimuli.

Analysis 1 examined differences in the fixation position and dispersion before, during, and after
the visual recognition of road markings.

Analysis 2 divided the recognition period into three phases (first, middle, and final thirds) to
assess changes in fixation behavior over time.

Analysis 3 explored the correlations between the fixation duration and frequency with the
driving speed and number of visual stimuli based on previous studies [5,15].

Analysis 4 investigated the associations among fixation behavior, cognitive functions, and basic
demographics, referencing previous research on guide sign recognition [6,16].

Through these analyses, this study aimed to clarify how current road markings are visually
processed and to offer insights for the development of safer, more effective road marking designs.
Two types of road marking were used as stimuli: digit-based markings indicating speed limits and
letter-based markings conveying warning messages to drivers. This study is positioned as
preliminary work aimed at exploring fixation behaviors during the viewing of on-board movies,
prior to conducting experiments using driving simulators or real vehicles.

2. Materials and Methods

2.1. Participants

This study is part of a broader research project investigating the relationship between cognitive
functions and eye movements during the recognition of road markings while driving, with a
particular focus on individuals with impaired driving abilities, including those with mental
disabilities. In this paper, we report the exploratory and preliminary analysis that was conducted
with a healthy control group. Some data analyzed in this study overlap with those from our previous
research [6].

The required sample size was calculated using G*Power version 3.1.9.7 [17] for a repeated-
measures ANOVA (within-subject factors), assuming an effect size of f = 0.3, power of 0.8, alpha of
0.05, two groups, and three measurements. This resulted in a target sample size of 20 participants.

The participants were selected from a previous study based on the following inclusion criteria:
(1) aged 20 to 59 years and holding a valid driver’s license; (2) normal or corrected-to-normal visual
acuity of 0.6 or higher; (3) no history of neurological or psychiatric disorders; (4) no history of
epilepsy; and (5) no ophthalmologic conditions, including cataracts or glaucoma.

2.2. Apparatus

The visual stimuli were presented on a 24-inch monitor (iiyama ProLite B2480HS, resolution:
1920 x 1080, brightness: 300 cd/m?), and eye movements were recorded using a Tobii X60 eye tracker
(sampling rate: 60 Hz). The eye-tracking data were analyzed using Tobii Studio version 3.1.6.

2.3. Stimuli

Two types of on-board movies were used as stimuli: movies containing digit-based road
markings (“50” for speed limits) and movies containing letter-based road markings conveying
warning messages to drivers (e.g., “Slow Down”). These movies were selected because digits and
letters represent the standard formats for meaningful road markings [18,19]. Initially, 10 movies were
prepared for each condition; however, owing to unsuitable fixation data in one movie from each
condition, nine movies were ultimately analyzed.
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All movies were filmed during daytime on straight roads in environments that were unfamiliar
to the participants. The road markings were designed in accordance with Japanese regulations [7]:
the digits measured 5000 mm in height and 1200 mm in width, whereas each letter measured 2400
mm in height and 800 mm in width.

The visual recognition time was defined as the period during which a road marking remained
within a visual recognition distance of 70 m [7] divided by the driving speed shown in the on-board
movie. For digit road markings, this time directly reflected the driving speed, whereas for letter
markings, it varied depending on the number of letters.

Details of each movie type are provided in Tables 1 and 2, and example images are shown in

Figure 1.
Table 1. Movie features for visual recognition of digit road markings.
Presence of cars in front Visual recognition time (seconds)
Movie 1 Present 1.36
Movie 2 Absent 1.37
Movie 3 Present 1.34
Movie 4 Absent 1.34
Movie 5 Absent 1.25
Movie 6 Absent 1.5
Movie 7 Absent 1.21
Movie 8 Present 1.21
Movie 9 Present 1.35
Table 2. Movie features for visual recognition of letter road markings.
Presence of cars in front The number of letters Written Marking Visual recognition
time (seconds)
Movie 1 Absent 5 Intersection Warning 1.52
Movie 2 Present 9 Nasushiobara Sakura 3.32
Direction
Movie 3 Present 4 Beware of Rear-end Collision 1.45
Movie 4 Present 5 Slow Down 1.74
Movie 5 Present 4 Beware of Rear-end Collision 1.81
Movie 6 Present 5 Beware of Pedestrians 1.47
Movie 7 Present 5 Curve Warning 1.76
Movie 8 Absent 4 Beware of Rear-end Collision 1.48
Movie 9 Present 5 Slow Down 1.53

(a) (b)

Figure 1. Examples of road markings in the movie. (a) Digital road markings; “50” is written in yellow letters on

the road surface. (b) Letter road markings; “Beware of rear-end collision” is written in Japanese vertically in

white letters on the road.

2.4. Fixation Behavior Assessment

The fixation behavior was evaluated based on previous research on driving and road marking
recognition [20-23]. Two primary indices were analyzed: (1) the fixation duration (in milliseconds),
which represented the time spent fixating on road markings —where longer durations suggest greater
attentional allocation [24]; and (2) the number of fixations, which indicated the frequency of attention
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shifts [20]. Fixations were detected using Tobii Studio’s I-VT filter [25], with the minimum fixation
threshold set to 60 ms, based on binocular eye-tracking data.

2.5. Cognitive Function Assessment

The following assessments were used to evaluate cognitive functions relevant to driving:

¢  The Trail Making Test — Japanese Edition (TMT-]) A and B was used to assess attention and
processing speed [26].

®  The Wechsler Memory Scale — Revised (WMS-R) was used to evaluate verbal and visual memory
[27].

e  The Zoo Map Test, from the Behavioral Assessment of the Dysexecutive Syndrome (BADS) was
used for planning [28]. Previous studies have shown that performance on the Zoo Map Test is
associated with driving skills [29,30]. The TMT-] scores were recorded as the completion time
(in seconds), whereas the WMS-R and BADS were scored using standardized procedures.

®  The useful field of view (UFOV) was assessed using the “Double Decision” task from BrainHQ®
[31-33], which measures divided attention and processing speed.

2.6. Data Collection Procedure

Participants were seated 57 cm from the monitor, and a five-point calibration was conducted
prior to data collection. The participants were instructed to watch the road marking videos as if they
were driving [5]. Each trial began with a 7-s explanatory text, followed by a 3-s fixation cross and
then a 7-s on-board movie. The eye tracker recorded both the fixation duration and number of
fixations. This sequence was repeated for each movie, with recalibration performed before each set.
The data collection procedure is illustrated in Figure 2.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Explanatory text

7 seconds 3 seconds 7 seconds
(b)

Figure 2. Data collection environment and flow. (a) The actual data collection environment. (b) The schematic of

the data collection flow. This flow is repeated nine times in one movie condition.

2.7. Statistical Analysis

Analysis 1: Fixation behavior before, during, and after visual recognition of road markings
Repeated-measures ANOV As were conducted on the means and standard deviations of the fixation
points (x- and y-coordinates) to examine the fixation behavior before, during, and after the
recognition of road markings, as well as to compare digit-based and letter-based markings. The
analysis followed a 2 (type of road marking: digits vs. letters) x 3 (time: before, during, and after
recognition) design, resulting in four separate analyses.

Because the “after” period was less than 1 s across all movies (mean: 0.82 s for digits and 0.63 s
for letters), a consistent post-recognition window could not be uniformly applied. The mean fixation
position was used as an index of the fixation location, while the standard deviation served as an index
of the fixation dispersion. When no significant interaction was observed, the main effects for the
marking type and time were examined separately. Bonferroni corrections were applied for multiple
comparisons, and the Greenhouse-Geisser correction was used when the assumption of sphericity
was violated.

Analysis 2: Fixation behavior during visual recognition time

The fixation data were divided into the first, middle, and final thirds of the visual recognition
period to assess changes in fixation behavior during visual recognition and to examine differences
between digit and letter road markings. A 2 (type: digits vs. letters) x 3 (time: first, middle, and final
third) repeated-measures ANOVA was conducted on the means and standard deviations of the
fixation points (x- and y-coordinates), resulting in four analyses. The mean duration of each segment
was 327.25 +44.13 ms (range: 184.6-441.85 ms) for digits and 440.21 + 121.89 ms (range: 149.01-584.33
ms) for letters. The mean fixation values were used to indicate the fixation position, whereas the
standard deviations were used to assess the fixation dispersion. The main effects were analyzed when
interactions were not significant.

Analysis 3: Relationship between driving speed, number of letters, and fixation behavior

Pearson’s correlation coefficients were used to examine the relationships between the fixation
duration and number of fixations during visual recognition, and either the driving speed (for digit
markings) or number of letters (for letter markings), as the driving speed was defined based on the
visual recognition time.

Analysis 4: Relationship between fixation behavior, cognitive functions, and basic demographics
Pearson’s correlation coefficients were calculated between the fixation duration and number of
fixations, and the age, driving history, education, and cognitive function measures (attention and
processing speed [TMT-] A and B], verbal and visual memory [WMS-R], planning ability [Zoo Map
Test], and UFOV) of the participants to explore the influence of cognitive functions and basic
demographics on fixation behavior. Spearman’s rank correlation was used for the Zoo Map Test
owing to limited score variability. Analyses were conducted separately for the digit and letter road
markings.

All statistical analyses were performed using EZR version 1.61 [34], with the significance level
set to p <0.05.
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3. Results

The results from 20 participants (eight males and 12 females) were analyzed. The mean age was
36.7 + 13.8 years (range: 21-59), the mean driving history was 16.6 + 14.5 years (range: 0—40), and the
mean educational history was 15.4 + 1.8 years (range: 12-20). The cognitive function results are shown
in Table 3. All variables satisfied normality assumptions (the Kolmogorov-Smirnov test).

Table 3. Details of the cognitive functions of participants.

Assessment measures Score (mean * standard deviation (range))
TMT-J A (seconds) 33.35 +11.88 (22.61-69.15)
TMT-J B (seconds) 64.88 + 48.08 (29.1-260)
WMS-R verbal memory 23.05 = 5.11 (10-30)
WMS-R visual memory 37.35+4.26 (27-41)
BADS Zoo Map Test 15.5 £ 0.67 (14-16)
UFOV 50 + 2.95 (43-56)

3.1. Fixation Behavior Before, During, and After Visual Recognition of Road Markings

No significant interaction was observed between the road marking type and time for either the
fixation position or dispersion. A main effect of time was observed for the y-coordinate of the fixation
position (F = 58.948, p < 0.001), with fixation points that were significantly higher during recognition
compared with both before and after recognition (both p < 0.001). No main effect of time was found
for the x-coordinate.

A main effect of time was observed for the x-coordinate of the fixation dispersion (F = 6.509, p =
0.01). Multiple comparisons revealed significantly reduced horizontal dispersion during recognition
compared with both before (p = 0.03) and after (p < 0.001), suggesting more focused visual attention.
No significant main effects of the road marking type or interactions were observed. The Greenhouse—
Geisser correction was applied where necessary (see Table 4a for fixation position and Table 4b for
fixation dispersion).

Table 4a. Comparison of coordinates of road markings for fixation before, during, and after visual recognition.

Digit road markings Letter road markings Main effects Interaction
Beforels During After Beforels During After Type Time
x-coordinate 900 915 907 919 919 916 F=1703 F=0.758 F=0.818

P=0.21 P=0.477 P =045

y-coordinate 889 915 870 894 929 867 F=1.016 F=58.948 F=1.397
P= P <0.001 P =0.262
0.328

Table 4b. Comparison of means of standard deviations of road markings for fixation before, during, and after

visual recognition.

Digit road markings Letter road markings Main effects Interaction
Beforels During After Beforels During After Type Time
x-coordinate 50.44 27.56 51.14 51.67 26.79 4838 F=0.014 F=6.509 F=0.036

P=0908 P=0.01 P=0.926

y-coordinate 41.26 49.90 50.77 53.79 46.15 4685 F=0.074 F=0.026 F=138
P=0789 P=0974 P=0.266

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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NOTE: Bolded sections indicate significant differences. The main effect of “Type” is the value when comparing
types of road markings, that of “Time” is the value when comparing time axes, and “Interaction” means the

interaction between “Type” and “Time.”.

3.2. Fixation Behavior During Visual Recognition Time

No significant interaction was observed between the road marking type and time for the fixation
position or dispersion. However, main effects of both the type and time were observed for the y-
coordinate of the fixation position. Participants fixated higher on letter markings than on digit
markings (F = 7.507, p = 0.015), and the fixation height increased over time, with significantly higher
fixations in the middle and final thirds compared with the first third (first vs. middle: p < 0.001; first
vs. final: p = 0.028). A main effect of the time was observed for the x-coordinate of the fixation
dispersion (F = 4.053, p = 0.034), with reduced horizontal dispersion in the final third compared with
the first third (p = 0.034), suggesting increased visual focus towards the end of recognition. No other
significant effects were observed. The Greenhouse—Geisser correction was applied where appropriate
(see Tables 5a for fixation position and 5b for fixation dispersion).

Table 5a. Comparison of coordinates of road markings in fixation during visual recognition time.

Digit road markings Letter road markings Main effects Interaction

First Middle Final First Middle Final Type Time

third third third third third third
x-coordinate 912 917 917 917 918 921 = = F=0.409
0.349 2.694 P=0.668
0.563 0.083
y-coordinate 906 920 919 923 930 934 F= F= F=0.616
8.009 7.806 P =0.485
0.012 0.007

Table 5b. Comparison of means of standard deviations of fixation points on road markings during the visual

recognition time.

Digit road markings Letter road markings Main effects Interaction
First Middle Final First Middle Final Type Time
third third third third third third
x-coordinate  39.63 25.71 17.75 32.06 24.95 23.35 F=0.018 F=3.877 F=0.683
pP= P= P=0.512
0.895 0.031
y-coordinate  47.33 41.69 60.69 46.87 45.87 45.71 F=0277 F=0574 F=0.574
pP= P =0.445 P=0.423
0.606

NOTE: Bolded sections indicate significant differences. The main effect of “Type” is the value when comparing
types of road markings, that of “Time” is the value when comparing time axes, and “Interaction” means the

interaction between “Type” and “Time.”
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3.3. Relationship Between Driving Speed, Number of Letters, and Fixation Behavior

A significant positive correlation was observed between the fixation duration and visual
recognition time for digit markings (»=0.719, p = 0.029), indicating that longer recognition times were
associated with longer fixations. No significant correlation was found for the number of fixations
(Table 6a). A significant positive correlation was observed between the number of letters and the
fixation duration (r = 0.911, p < 0.001), suggesting that longer texts required more sustained visual
attention. No significant correlation was found for the number of fixations (Table 6b).

Table 6a. Correlations between fixation and visual recognition time in recognizing digit road markings.

Digit road markings

Correlation between fixation duration and r=0.719

visual recognition time P =0.029

Correlation between number of fixations r=-0.25

and visual recognition time P=0.517

Table 6b. Correlations between fixation and number of stimuli in recognizing letter road markings.

Letter road markings

Correlation between fixation duration and r=0.911

number of stimuli P <0.001

Correlation between number of fixations r=0.059

and number of stimuli P =0.881

3.4. Relationship Between Fixation Behavior, Cognitive Functions, and Basic Demographics

No significant correlations were found between the fixation behavior (fixation duration and
number of fixations) and cognitive functions or basic demographic variables for either the digit or
letter markings. Spearman’s rank correlation for the Zoo Map Test also revealed no significant
associations (Tables 7a for digit road markings and 7b for letter road markings).

Table 7a. Correlation between basic demographics, cognitive functions necessary for driving, and fixation

metrics of digit road markings.

Age Driving Education TMT-JA  TMT-] B WMS-R WMS-R Zoo UFOV
history verbal visual Map score
memory memory Test
Fixation r=0.122  r=0.106 r=-0.239 r=0.055 r=0.119 r=-0.309 r=-0.314 r=-0.383  r=0.027
duration P=0.608  P=0.657 P=031 P=0.818 P=0.617 P=0.185 P=0.178 P=0.09  P=0911
Number of  r=0.005 r=0.016 r=0.361 r=-0.053 r=-0.086 r=0.098 r=0.254 r=0.307 r=-0.255
fixations P=0.984 P=0.948 P=0.118 P=0.825 P=0.719 P=0.681 P=0.28 P=0.188 P=0.278

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 7b. Correlation between basic demographics, cognitive functions necessary for driving, and fixation

metrics of letter road markings.

Age Driving Education TMT-JA  TMT-] B WMS-R WMS-R Zoo UFOV

history verbal visual Map score

memory memory Test
Fixation r=- r=-0.302 r=-0.241 r=0.183 r=0.29 r=-0.094 r=-0.165 r=-0.18 r=-0.071
duration 0.292 P=0.195 P=0.306 P=0439 P=0215 P=0.693 P=0.488 P=0.448 P=0.766
P=0.212

Numberof r=0231 r=0.246 r=0.301 r=-0.127 r=-0201  r=-0.035 r=0.053 r=0203 r=0.05

fixations P=0.326 P=0.29 P=0.198 P=0592 P=0397 P=0.883 P=0.824 P=0.391 P=0.834

4. Discussion

This study analyzed fixation behavior in response to road markings. The results revealed that:
(1) there were no significant differences between digit and letter markings (type); (2) participants
primarily recognized road markings during the latter phase of the visual recognition period; and (3)
the fixation behavior was influenced by the driving speed and number of letters.

4.1. Fixation Behavior of Road Markings (Digits and Letters) Regardless of the Difference Between the Types

The analysis of the fixation behavior showed that fixations were more horizontally dispersed
before and after visual recognition, whereas they were more vertically aligned, with reduced
horizontal dispersion, during recognition. This suggests that while drivers temporarily focus their
attention on the target when viewing road markings, they tend to distribute their fixations more
broadly at other times to monitor their surroundings for safety (e.g., checking for vehicles or
pedestrians) [35,36]. In addition, the central placement of road markings within the driver field of
vision likely allows for simultaneous peripheral monitoring, thereby supporting situational
awareness.

The similarity in eye movement patterns and fixation focus when recognizing digit and letter
markings may be attributed to the use of high-brightness, high-chroma colors (e.g., white and yellow)
[37]. These visual characteristics likely enhanced the visibility and contributed to the lack of
significant differences in visual recognition between the two marking types.

4.2. Fixation Behavior of Road Markings over Time During Recognition

The analysis of the three visual recognition times showed that the fixation positions moved
vertically during the latter phase of recognition and that the horizontal dispersion decreased. That is,
we observed a process of gradually focusing the fixation on the markings over time. This is consistent
with the “two-stage model” of visual information processing: locating the target in the initial stage,
followed by focusing on that target in the second stage [38—40]. The mean recognition times for the
three segments in this study (digits: 327 ms; letters: 449 ms) align with the processing time described
in this model, suggesting a recognition process that starts with identifying the target location and
then shifts to focused attention.

Participants also fixated on letter markings at a higher position than digit markings throughout
the recognition period, likely because the letter markings were longer and contained more
information. The letter markings ranged from four to nine characters and required more detailed
visual recognition, whereas the digit markings consisted of only two digits.

4.3. Effects of Driving Speed and Amount of Information on Fixation Behavior

Furthermore, the results suggest that the driving speed and amount of information contained in
the markings influence fixation behavior, particularly the fixation duration. Specifically, the longer
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the viewing time for digit markings, the longer the fixation duration. A greater number of letters (i.e.,
more information) was associated with longer fixation durations. This is consistent with previous
studies that showed that faster driving speeds are linked to shorter fixation durations [41].
Furthermore, words with more letters require more complex visual processing, resulting in longer
fixation durations [42,43], and the same tendency was observed in this study. These findings indicate
that both the driving speed and amount of information in the markings should be considered when
designing road markings. In particular, short and simple markings are likely to be more recognizable
at higher speeds, whereas slightly more detailed markings may be effective in lower-speed situations.

4.4. Effects of Cognitive Functions and Basic Demographics on Road Marking Recognition

The results showed that neither the cognitive functions nor the basic demographics of the drivers
were correlated with the recognition of road markings. This suggests that road markings can be
recognized by drivers without requiring extensive driving experience or significant cognitive effort.
One possible explanation is that all road markings in this study were presented on straight roads,
which are known to impose lower cognitive demands [44]. In addition, the font size of the digit and
letter road markings is large: 5000 mm in height and 1200 mm in width for digits, and 2400 mm in
height and 800 mm in width for letters [11]. This means that they are easily recognizable even from a
distance. These factors may have contributed to the ease of road marking recognition, regardless of
the cognitive functions or basic demographics of the drivers.

4.5. Limitations

This study has several limitations. First, the stimuli used were on-board movies as opposed to
real-world driving situations. As a result, factors that influence fixation behavior during actual
driving, such as speedometers, mirrors, and in-vehicle visual fields [45], were not replicated.
Therefore, this study should be regarded as a preliminary investigation. Future studies should
examine fixation behavior under more realistic driving conditions.

Second, although the sample size was determined a priori using G*Power and data were
collected from a comparable number of participants, the statistical power may have been insufficient
to detect moderate or small effects. This limitation suggests that some meaningful relationships may
have remained undetected. Therefore, future studies with larger sample sizes are warranted.

Third, the non-significant correlation between fixation behavior during road marking
recognition and the cognitive functions or basic demographics of participants may indicate that the
cognitive demands of the task were low, possibly because the markings were presented on straight
roads. Yet this possibility could not be tested, as the cognitive load was not quantitatively assessed
using tools such as the NASA-TLX [46]. This limitation reduces the interpretability of the findings.
Future studies should incorporate quantitative assessments of the cognitive load in road marking
recognition and other driving-related tasks.

Finally, although the road markings employed in this study included visual messages such as
“Slow Down,” which is intended to encourage deceleration, their specific effects on fixation behavior
were not assessed. Previous research has indicated that such markings may induce changes in pupil
diameter [47], which suggests that they could influence visual attention through emotional or
salience-based mechanisms. Therefore, future studies should distinguish between deceleration
messages and neutral markings, and conduct comparative analyses to understand their differential
impact on fixation behavior more effectively.

5. Conclusions

The results of this study indicate that drivers exhibit sequential visual behavior when
recognizing road markings. During the early phase of visual recognition, they broadly scan both the
markings and their surroundings, whereas in the latter phase, they focus more intently on the
markings themselves. Marking design should align with the natural progression of visual attention
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based on this fixation pattern. When multiple pieces of information are included, simple keywords
and symbols should be placed at the center or lower part of the markings for initial recognition, while
detailed instructions should be positioned at the top, allowing drivers to process them as their
fixation shifts and concentration increases.

As fixations tend to move slightly upwards during recognition, particularly critical information
in letter markings (e.g., “STOP” or “CAUTION: INTERSECTION”") should be placed higher to guide
the fixation naturally. Conversely, supplementary information (e.g., distance indications or
explanatory text) should be positioned lower to align with eye movement patterns.
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