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Abstract: The influence of Tibetan characters on the visual
recognition effects of Tibetan-Chinese bilingual guide signs
based on drivers’ visual characteristics was studied. Four
versions of Tibetan-Chinese bilingual guide signs with
different heights and aspect ratios of Tibetan characters were
designed, and corresponding road simulation models were
established.
selected to conduct driving simulation experiments using a
driving simulator and eye tracker. The resultant data of the

10 Tibetan drivers and 10 Han drivers were

participant’s pupil diameter and the visual recognition duration
obtained from the eye tracker system were analyzed by
analysis of variance. Combining results from the statistical
analysis of driving simulator data and the questionnaire results
on the visual recognition experience, it can be concluded that
for Tibetan drivers, when the height of Tibetan characters was
2/3 of the height of Chinese characters, the visual recognition
effect of the signs was better than that of 1/3 and 1/2 of the
height of Chinese characters, indicating that increasing the
height of Tibetan characters was conducive to improving the
visual recognition effect of guide signs. The aspect ratio form
of Tibetan had no significant effect on the level of difficulty
encountered in drivers’ visual recognition, but it would affect
the aesthetics of the bilingual guide signs. The recommended
character height in Tibetan should be increased to improve the
visual recognition process for Tibetan drivers.
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ibetan is mandatory in Tibet, and it is to be used in
T urban public facilities, signboards, advertisements,
etc., together with the common national characters, Chi-
nese or the Han language and is also used widely in Qing-
hai, Gansu, and other regions. The text on traffic signs
must be such that drivers can read it quickly and accurate-
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ly within a given distance. However, there are no specif-
ic regulations on the setting and layout of Tibetan-Chinese
bilingual traffic signs. The specifications for the layout of
traffic signs take the height of Chinese characters as the
standard and give the proportion range of the size of mi-
nority language characters, that is, 1/3 to 1/2 of the
height of Chinese characters'''. In practice, this leads to
small Tibetan fonts, an unreasonable layout design, an
imbalance in the aspect ratio, and other undesirable phe-
nomena, which will affect Tibetan drivers’ visual recogni-
tion of traffic signs adversely. Moreover, situated on a
plateau with an average elevation of 4 500 m above sea
level, the air pressure is low, the air is thin, the air tem-
perature is low, and the natural environment is somewhat
harsh, and all these factors play a major role in influen-
cing drivers’ cognitive ability, judgment, and responsive-
ness. Dykiert et al. "* found that reaction time becomes
markedly impaired above a threshold of 4 000 m, which
was consistent with the findings of Bolmont et al™'.

In addition to the above issues, although bilingual
guide signs are common in ethnic minority areas or inter-
national cities, extant studies on the visual effects of bi-
lingual traffic signs are limited, especially Tibetan and
Chinese bilingual traffic signs. According to previous
studies, information on bilingual guide signs could be
found disruptive to drivers with different language back-

grounds'”'. It takes more time to read bilingual signs than

: (5761
monolingual ones™ ™.

Jamson et al. "' selected bilingual
road signs used widely in various countries as research
objects to explore the impact of bilingual road signs on
drivers. The results showed that bilingual signs could
guide multinational drivers but sometimes distract national
drivers. Yang et al. " discussed the effectiveness of Chi-
nese-English bilingual guide signs for drivers with differ-
ent language backgrounds on Chinese highways. For Chi-
nese drivers, when the number of Chinese place names on
the sign was fewer than 5, there was almost no difference
in the effect of monolingual and bilingual signs. When
the number of place names exceeded 5, the performance
of visual recognition for Chinese in the bilingual guide
sign scenario was worse than in the monolingual guide
sign scenario. Therefore, to meet the needs of different

road users, it is necessary to carry out targeted research



Analysis on the visual recognition effect of Tibetan-Chinese bilingual guide signs 293

on Tibetan-Chinese bilingual guide signs based on visual
characteristics.

Visual characteristics are important indicators in evalua-
ting drivers’ cognitive activities, which can reflect the
visual effect of traffic signs well. The concepts of fixation
point number, fixation point order, fixation duration, pu-
pil size, sight angle and other eye movement parameters,
and the objects they can represent have been demonstrated
in detail in previous studies'”"". Fixation frequency, fix-
ation duration, and spatial distribution were correlated
significantly with drivers’ actual performance in driving
tasks. Specifically, more complex cognitive activities are
frequently accompanied by reduced eye movement, pro-
longed gaze duration, and reduced the spatial distribution

™1 In terms of experimental methods,

of the gaze itself'
compared with a static picture or a video playback experi-
ment, a dynamic driving simulation experiment has the
advantage of being closer to the real driving environment,
so it is used more widely to analyze drivers’ eye move-

47161 Costa et al. "' studied the visual

ment data analysis
attention of 15 drivers to different types of guide signs
and found that the gaze duration, sign category, and
number of characters had a significant influence on speed.
Lin et al. "™
the driver’s viewpoint on guide signs and studied the
quantitative relationship between the information on guide
signs and the driver’s visual recognition time. Pei et al. '

divided the sign layout into three parts (left, middle, and

used the eye tracker to record the duration of

right), selected visual characteristics with low correlation
to construct comprehensive evaluation indicators, and
studied the visual effect of different layout areas, among
which the visual effect of the right area was found to be
better than that of the middle area. Therefore, it is rea-
sonable and feasible to study Tibetan and Chinese bilin-
gual directions based on visual characteristics.

In summary, this paper aimed to take Tibetan-Chinese
bilingual guide signs of the highways in Tibet as the re-
search object, conduct driving simulation tests, and study
the effect of different layout design parameters ( Tibetan
character height and aspect ratio forms) on the visual rec-
ognition of Tibetan-Chinese bilingual guide signs by ana-
lyzing drivers’ visual characteristics and eye movement
Suggestions for optimizing Tibetan-Chinese
bilingual guide signs are offered. This study can provide
a reference for subsequently improving the layout and set-
ting of bilingual guide signs and enhancing the effective-
ness of guide signs in Tibet.

1 Materials and Methods

behaviors.

1.1 Participants

According to previous research on visual recognition of
signs, Costa et al. ! studied the gaze duration and sign
category of a sample of 15 drivers. Xu'™ counted the
number of subjects in nearly one hundred articles and

found the sample size of a single group of driving simula-
tion experiments ranged from 10 to 30. Twenty partici-
pants with a driver’s license were recruited for this experi-
ment, including 10 Han volunteers whose mother tongue
is Chinese ( Group C) and 10 Tibetan volunteers whose
mother tongue is Tibetan ( Group 7). All participants
were college students with ages ranging from 20 to 24
years (M =21.5, SD=1.4), with a driving age from 1
to4 years (M =2.7, SD=1.4), in good health, and
with visual acuity of 20/40 or better.

1.2 Apparatus

A driving simulator and eye tracker are used to investi-
gate drivers’ visual characteristics in response to different
designs of the bilingual guide sign.

The driving simulator comprises a cockpit and a con-
sole, plus a display system made up of three 60-inch lig-
uid crystal displays. It can be used to collect experimental
data, including characteristics of driving behavior and ve-
hicle dynamics. The real-time simulation and modeling
are controlled with UC-WIN/ROAD software developed
by the Japanese company FORUMS. The software has the
functions of three-dimensional road simulation modeling
and driving simulation. The simulation environment was
created by calibrating parameters such as road alignment
data, the surrounding environment, traffic signs, and
traffic flow in the software.

The driver’s eye movement data were collected by the
Tobii Pro Glasses 2 eye tracker manufactured by Tobii, a
Swedish company. It consists of a head-mounted mod-
ule, a recording module, a computer equipped with con-
troller software and the ErgoLab human-computer interac-
tion cloud platform. The effective range obtained by the
eye tracker is 52° up to down, 82° left to right, and the
sampling rate is 50 Hz.

1.3 Experimental scene

The road simulation model was established based on
the environmental and alignment parameters of a section
of the 318 National Highway from Lhasa to Nyingchi,
which is a two-lane, two-way road and the design speed
is 60 km/h. The test route is 7 km in length, with 3
T-shaped intersections. The layout, position and support
modes of guide signs were set according to the Specifica-
tion for Layout of Highway Traffic Signs and Mark-
ings'".

The current design of Tibetan-Chinese bilingual guide
signs takes Chinese characters as the benchmark. The
height of Tibetan characters is 1/3 to 1/2 of the height of
Chinese characters (H), and their width is in two forms:
expanding with the width of Chinese characters and fixing
the aspect ratio to 1.5. To explore the visual recognition
effect of Tibetan-Chinese bilingual guide signs, 4 types of
test guide signs, Type A, Type B, Type C, and Type
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D, were designed. The combination forms of character
height and aspect ratio are shown in Tab. 1.

Tab.1 Four types of test guide signs

Guide Chinese Tibetan Tibetan
sign characters’ characters’ characters’
types height H/cm height aspect ratio
1 Scaling with the width
Type A 60 —H
ype of Chinese characters
2 Scaling with the width
T; B 60 —H
ype 3 of Chinese characters
1 Scaling with the width
Type C 60 ——H
ype 2 of Chinese characters
Type D 60 %H 1.5

Considering the more common practice, the Tibetan as-
pect ratio form of expanding with the width of Chinese
characters was applied to Types A, B and C guide signs
to explore the influence of character height on drivers’
visual recognition of road signs. Type C and Type D
have the same character height, which was used to ex-
plore the impact of the aspect ratio setting on drivers’ vis-
ual recognition of road signs. Fig.1 shows the guide sign
examples of Type A, Type B, Type C, and Type D.

QR'A=A

(b)

g =g

13/ 8

(d)
Fig.1 Types of guide signs investigated. (a) Type A guide sign;
(b) Type B guide sign; (c) Type C guide sign; (d) Type D guide sign

1.4 Procedure

Each participant was informed of the purpose and tasks
of the experiment and was asked to read and sign an in-
formed consent form. The experimental site was in the
school’s driving simulation laboratory. Before the formal
experiment began, participants had a warm-up practice
for about 5-15 min to become accustomed to the simulator
and the eye tracker. After the staff had imported the ex-
perimental scene onto the three-screen display, the partic-
ipants were informed of their driving destination in the
simulation. Then, they were requested to drive to their
destination by identifying the guide signs correctly. Each
participant was required to conduct four tests, each lasting
about 15 min, for a total of about 1 h, and the Tibetan
character height and the aspect ratio of the signs were dif-
ferent in each test. At the end of a single test, the staff
would replace the place name order of each intersection in
the model to prevent participants from becoming familiar
with the road conditions and causing biases in the test da-
ta. Due to the limited location of the experiment, only
the differences in the visual cognitive responses of Tibetan
and Han drivers were considered, and the effects of the
plain and plateau regions on visual cognitive responses
were not considered.

On completion of the experiments, the participants
were asked to complete a questionnaire, which consisted
of three sections: questionnaire description, personal in-
formation, and questions about the experimental
scenes™’, as shown in Tab. 2. Through the form of a
questionnaire, the driver’s visual experience and subjec-
tive feedback on the guide signs can be obtained.

Tab. 2 Composition of the questionnaire for the simulation
driving experiment
Questionnaire .
. Main content
composition

. . Thank the participants for their contributions to
Questionnaire X
the experiment and ask them to answer the ques-

description X
tions truthfully
Personal Gend drivi ti 1
. R ender, age, driving age, nation, language
information € & a8 guag

Questions about  Clarity and aesthetics of guide signs;

test guide signs participant’s attention to the Tibetan place names

1.5 Data processing

1.5.1 Extracting the segments of drivers’ visual rec-
ognition of guide signs

The fixation point trajectory diagram can show the se-
quence and position of the driver’s fixation points on the
video screen. The size and number of the dots represent
the fixation time and order, respectively, which can be
applied to show the eye movement trajectory pattern of a
single participant in the whole process of eye movement
recording. ErgoLab is used to export the data of the fixa-
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tion point trajectory diagram and obtain the data of fixa-
tion point size, fixation point number, fixation point start
time, fixation point end time, fixation point duration,
etc.

Taking the No. 1 Han driver as an example, at 45.105
s of the test process, the driver’s fixation point moved
from Point A to Point B, indicating that the driver began
to read the guide sign, as shown in Fig.2(a).

(b)
Fig.2 Fixation point trajectory diagram. (a) At 45.105 s of the
test; (b) At 47.267 s of the test

At 47. 267 s of the test, as shown in Fig. 2(b), the
driver’s fixation point moved from Point B to Point C, in-
dicating that the driver had finished reading the sign and
looked away. Therefore, it can be concluded that the pe-
riod of the driver’s visual recognition of the guide sign is
from 45. 105 to 47.267 s, and the visual recognition du-
ration is 2. 162 s. The eye movement data, such as pupil
radius, fixation point coordinates, and fixation duration
corresponding to this period, were exported for data anal-
ysis.

1.5.2 Data analysis

The Shapiro-Wilk test was used to confirm the normali-
ty of the data. Then, the performances of 4 types of
guide signs were compared using the one-way analysis of
variance (ANOVA) and post hoc multiple analysis to ex-
amine whether the differences between the groups were
significant.

2 Results
2.1 Pupil diameter

The pupil diameter data of Group T ( Tibetan drivers)
were analyzed, and the descriptive statistical data and
normal distribution test results obtained are shown in
Tab. 3. The pupil diameter data of Group T showed the

characteristics of a normal distribution (W =0.951, p =
0.081 >0.05).

Tab.3 Basic statistics of pupil diameters

Group Guide sign Descriptive statistics Shapiro-Wilk
types N Mean Std. w p
Type A 10 9.856 0.873
Type B 10 8.718 0.382
Group T Type C 10 9.250 0.309 0.951 0.081
Type D 10 9.055 0.612
Total 40 9.220 0.701
Type A 10 9.029 0.744
Type B 10 9.179 0.889
Group C  Type C 10 9.078 0.724 0.963  0.217
Type D 10 8.844 0.700
Total 40 9.033 0.698

As can be seen in Fig. 3, when the aspect ratio of Ti-
betan was the same, the larger the height of Tibetan char-
acters, the smaller the drivers’ pupil diameter. The pupil
diameter when the height of the Tibetan characters is

%H (Type B) was significantly smaller than that of %H

(Type A), and the pupil diameter of %H (Type C) was

in the middle. For the aspect ratio form of Tibetan, the
pupil diameter when the Tibetan characters of guide signs
had a fixed aspect ratio of 1.5 (Type D) was slightly
smaller than those with the aspect ratio scaling with Chi-
nese characters ( Type C).

11.0
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10.5 - —— Group C
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Fig.3 Pupil diameters of Group T and Group C

As can be seen in Tab. 4, for the variance homogeneity
test of Group T, there was no significant difference in the
fluctuation of pupil data (p >0.05), that is, the premise
requirement of homogeneity of variance was satisfied,
and according to the results of one-way ANOVA, for
Group T, the pupil diameter of different types of guide
signs showed significant differences ( F = 6. 676, p <
0.05), indicating that different types of guide signs had
significant effects on the pupil diameter of drivers.

According to the results of post hoc multiple analysis,
there were significant differences between any two groups

of ;TH (Type A), %H (Type B) and %H (Type C) (p

<0.05), suggesting that Tibetan characters’ heights had
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Tab.4 One-way ANOVA of pupil diameters

Group Levene AVONA Post hoc multiple analysis
p F P Type (1) Type (J) Mean difference (1-J) P
0.202 6.676 0.001 Type A Type B 1.138 0.000
Group T 0.202 6.676 0.001 Type A Type C 0. 606 0.026
0.202 6.676 0.001 Type B Type C -0.532 0.049
0.202 6.676 0.001 Type C Type D 0.195 0.459
0.117 0.385 0.764 Type A Type B -0.150 0.074
0.117 0.385 0.764 Type A Type C -0.048 0.506
Group C
0.117 0.385 0.764 Type B Type C 0.102 0.098
0.117 0.385 0.764 Type C Type D -0.233 0.052

significant effects on pupil diameter in Group T. Howev-
er, there was no significant difference between the guide
signs with a fixed aspect ratio of 1.5 in Tibetan characters
(Type D) and those with the aspect ratio scaling with
Chinese characters (Type C) (p =0.459 >0.05).

Descriptive statistics and a normal distribution test were
applied to the pupil diameter data of Group C (Han driv-
ers), and the results are shown in Tab. 3. The pupil di-
ameter data of Group C showed the characteristics of a
normal distribution (W =0.963, p=0.217 >0.05).

As can be seen in Fig. 3, for Group C, the pupil diam-
eter of the Type B guide signs was the largest, and that of
the Type D guide signs was the smallest, but the overall
difference between the four types of guide signs was
small. According to the variance homogeneity test of
Group C, there was no significant difference in the fluctu-
ation of pupil data (p >0.05), and statistical require-
ments were met. The one-way ANOVA was used to study
the difference between different types of guide signs on
the pupil diameter of Group C, as shown in Tab. 4. For
Group C, different guide sign types showed no obvious
differences in terms of pupil area (F =0. 385, p =0.764
>0.05), thatis, the change in height and aspect ratio of
Tibetan characters had almost no effect on the visual rec-
ognition effect of Chinese readers.

2.2 Visual recognition duration

The visual recognition duration data of Group T were
analyzed, and the descriptive statistical data and normal
distribution test results obtained are shown in Tab.5. The
pupil diameter data of Group T showed the characteristics

Tab.5 Basic statistics of visual recognition duration

Guide sign Descriptive statistics Shapiro-Wilk
Group types N Mean Std. w )4
Type A 10 2.839 0.108
Type B 10 2.308 0.093
Group T Type C 10 2.466 0.125 0.947  0.059
Type D 10 2.436 0.102
Total 40 2.512 0.225
Type A 10 2.345 0.143
Type B 10 2.342 0.209
Group C  Type C 10 2.209 0.118 0.979  0.642
Type D 10 2.320 0.114
Total 40 2.304 0.156

of a normal distribution (W =0.947, p>0.05).

As can be seen in Fig. 4, the visual recognition dura-
tion showed the same regularity as the pupil diameter of
Group T. When the aspect ratio of Tibetan characters was
the same, the larger the height of Tibetan characters, the
shorter the drivers’ visual recognition duration. The visual
recognition duration where the height of Tibetan charac-

ters is %H (Type B) was significantly smaller than that

1
3

%H (Type C) was at the mid-level. The change in the

of ——H (Type A), and the visual recognition duration of

aspect ratio form in Tibetan resulted in even smaller
differences in the visual recognition duration than in pupil
diameter. The visual recognition duration when the Tibet-
an characters had a fixed aspect ratio of 1.5 ( Type D)
was almost the same as those with the aspect ratio scaling
with Chinese characters ( Type C).

34r
32r —&— Group T
3.0F 2839 —— Group C

2.436

NN
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Fig.4 Visual recognition duration of Group T and Group C

As can be seen in Tab. 6, for the variance homogeneity
test of Group T, there was no significant difference in the
fluctuation of visual recognition duration (p >0.05); that
is, the premise requirement of homogeneity of variance
was satisfied. Then, according to the results of one-way
ANOVA, for Group T, the visual recognition duration of
different types of guide signs showed significant differ-
ences (F'=44.980, P <0.05), indicating that different
types of guide signs had significant effects on the visual
recognition duration of drivers.

According to the results of post hoc multiple analysis,
there were significant differences between any two groups
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Tab.6 One-way ANOVA of visual recognition duration

Group Levene AVONA Post-hoc multiple analysis
p F P Type (1) Type (J) Mean difference (1-J) P
0.720 44.980 0.000 Type A Type B 0.531 0.000
Group T 0.720 44.980 0. 000 Type A Type C 0.373 0.000
0.720 44.980 0.000 Type B Type C -0.158 0.000
0.720 44,980 0.000 Type C Type D 0.030 0.544
0.433 1.802 0. 164 Type A Type B 0.004 0.958
0.433 1.802 0. 164 Type A Type C 0.136 0.052
Group C
0.433 1.802 0.164 Type B Type C 0.132 0.058
0.433 1.802 0.164 Type C Type D -0.111 0.110
1 2 1 70
of 3 H (Type A), 3 H (Type B) and ) H (Type C) (p ; —=— Readability score
<0.05), suggesting that Tibetan characters’ heights had s _—O—Aesthe:c; score 45
a significant effect on the visual recognition duration in " ,
Group T. However, there was no significant difference g r
between the guide signs with a fixed aspect ratio of 1.5 in % 3r
Tibetan characters (Type D) and those with the aspect ra- 2r
tio scaling with Chinese characters ( Type C) (p =0.544 Ir
| 1 1 J

>0.05).

Descriptive statistics and a normal distribution test were
applied to the visual recognition duration data of Group
C, and the results are shown in Tab.5. The visual recog-
nition duration of Group C showed the characteristics of a
normal distribution (W =0.979, p=0.642 >0.05).

As can be seen in Fig.4, for Group C, the visual rec-
ognition duration of the Type A guide signs was the lar-
gest, and that of the Type C guide signs was the smal-
lest, but the overall difference between the four types of
guide signs was small. According to the variance homo-
geneity test of Group C, there was no significant differ-
ence in the fluctuation of visual recognition duration (p >
0.05), and statistical requirements were met. The one-
way ANOVA was used to study the variance between dif-
ferent types of guide signs on the visual recognition dura-
tion of Group C, as shown in Tab. 6. For Group C, dif-
ferent guide sign types showed no obvious difference in
visual recognition duration ( F =1. 802, p =0. 164 >
0.05).

2.3 Questionnaire survey

For Group T, the questionnaire focused on the reada-
bility and aesthetics of the guide signs, including whether
participants could understand the meaning of signs and
whether the signs’ design met their preferences. Partici-
pants rated it on a scale of 1 to 5 based on their simulated
driving experience, with higher scores indicating better
readability or aesthetics, as shown in Fig.5.

For readability, Type A, Type B, Type C, and Type D
averaged 1.8, 4.7, 3.3 and 3. 6, respectively. Of Group
T, 80% rated the Type A guide sign as the least reada-
ble, giving it a 1 or 2. 100% of participants rated the
Type B guide sign as the most readable, with 70% of
them giving it a perfect score. The Type C and Type D

Type A TypeB TypeC TypeD

Fig.5 Questionnaire survey results of Group T

guide signs were found to be less readable, with partici-
pants more likely to rate them as a 3 or 4, and the differ-
ence between them was not significant. As for aesthetics,
the average scores for Type A, Type B, Type C, and
Type D were 1.6, 3.7, 2.7, and 4.5, respectively. Par-
ticipants generally believed that Type A had the worst
aesthetics, and Type C guide signs were similar to Type
A, only one point higher than Type A. Of Group T,
100% rated the Type D guide sign as either a 4 or 5, in-
dicating that Type D was superior aesthetically.

For Group C, the questionnaire mainly investigated
whether Tibetan would affect Chinese readers’ recognition
The results showed that none of Group C
thought the Tibetan characters were intrusive, 60% of the
participants did not find the Tibetan characters changed in

process.

different experiments, and 20% of the participants even
though the words above the Chinese characters were Eng-
lish.

As the rating of the questionnaire mainly considered the
readability and aesthetics of the Tibetan characters in the
guide signs, the rating subject was the Tibetan native lan-
guage participants, while the Chinese native language
participants mostly considered the influence of Tibetan on
the recognition process, so the impact on the rating can
be ignored.

3 Discussion

Pupil dilation was used to evaluate the difficulty of va-
rious cognitive tasks; larger pupil diameters are associated
with more complex cognitive tasks. The process of

drivers’ visual recognition of guide signs is the behavior
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of fixation, which is believed to be associated with cogni-
tive processing'”’. The longer the fixation duration is,
the harder it is found to process information'”>*. There-
fore, both pupil diameter and visual recognition duration
can be used as parameters to characterize the visual recog-
nition effect of guide signs, and they have the same trend
of change, which is also consistent with the experimental
results in this paper.

For Group T, there were significant differences in the
effects of the guide signs with three Tibetan character
heights on pupil diameter and the duration of visual per-
ception. The larger the Tibetan character height was, the
smaller the pupil diameter and visual recognition time of
participants were, indicating that increasing the Tibetan
character height could effectively reduce the difficulty for
Tibetan readers of recognizing guide signs and improve
the visual recognition effect of road signs. The current
specifications for the layout of traffic signs stipulate that
the height of characters in ethnic minority languages is
1/3 to 1/2 of the height of Chinese characters'"'. That is,
the maximum height of the Tibetan place names is half
the height of the Chinese characters on bilingual guide
However,

signs. according to the experimental results

and the driving experience of the participants, the visual
recognition effect of %H Tibetan character height on the
Tibetan-Chinese bilingual guide signs was still insuffi-
cient, and that of %H Tibetan character height on guide

signs was significantly improved. Note that for Type B,
Group T has an almost identical average fixation duration
to that of Group C, and only for Type B is the pupil di-
ameter for Group T no larger than that of Type C. This
indicates that the current specification is somewhat inade-
quate in providing similar visual characteristics of recog-
nition of Tibetan information on the guide sign, and a

height of %H may be needed for Tibetan readers to have

a visual experience comparable to that of Chinese readers
from the perspective of visual recognition of the informa-
tion on the sign.

For Group C, neither the Tibetan character changes in
height, nor the aspect ratio would affect Han participants’
visual recognition. As with the Chinese-English bilingual
guide signs, as the test route in this paper was T-shaped
intersections, the number of place names was only 3 and
the sign form was relatively simple, so the Chinese place
names could be displayed more prominently™ . In addi-
tion, the shape and structure of Chinese characters and
Tibetan characters were significantly different, and the
height of Tibetan characters was significantly smaller than
that of Chinese characters, so participants whose mother
tongue was Chinese could focus on reading Chinese char-
acters without much interference from Tibetan. Drivers

were found able to read one and two lines of monolingual
signs and two lines of bilingual signs without affecting
their driving behaviors'®”. All the signs used in this
study are two-line bilingual signs. According to the test,
when the information in the layout of the guide signs is
not dense, the form of Tibetan would not have a great
impact on Han drivers, which is also consistent with the
results of the previous research on Chinese-English bilin-
gual signs.

Combined with the results of the questionnaire survey,
the influence of the changes in the aspect ratio form of Ti-
betan characters was mainly reflected in the aesthetics of
guide signs. The participants generally believed that Type
A was aesthetically the worst, where the height of Tibetan

characters was only %H. Under the condition of scaling

with the width of Chinese characters, most of the Tibetan
characters presented a short flat shape with large deforma-
tion, and the appearance was slightly better only when
they were relatively dense. The Type D guide signs with
a fixed aspect ratio of 1.5 are in line with people’s daily
practice of using Tibetan, so they showed great advanta-
ges in terms of aesthetics. The Tibetan characters of Type

B guide signs were high, which was %H, so the propor-

tion looked normal when Tibetan was sparse but tall and
thin when Tibetan was dense. However, due to the char-
acteristics of Tibetan characters, although the proportion
of tall and thin Tibetan characters was not harmonious, it
was easier to see its structure when stacked up and down,
so it was more acceptable in terms of readability.

A comprehensive analysis of Tibetan drivers’ subjective
feedback on the setting of Tibetan in bilingual guide signs
shows that changes in the height of Tibetan characters will
have a significant impact on the difficulty of drivers’ visu-
al recognition of signs, thus affecting the safety of high-
way driving, which is consistent with the conclusion ob-
tained from the objective analysis of visual characteristics
index. The influence of the aspect ratio form of Tibetan is
mainly reflected in the Tibetan drivers’ overall aesthetic
visual perception of the bilingual direction sign layout,
which will have an impact on the comfort of the road
driving experience. In addition, when the information on
the setting of the guide signs is not dense, the form of Ti-
betan does not have a significant impact on Han drivers.

Due to the limitations of the school site and research
conditions and the influence of the COVID-19 epidemic in
China during the research process, the differences in the
experiment between the plateau and plain areas, the conti-
nuity of the scheme design, the universality of the experi-
ment scenes, and the differences of the older adult popu-
lation and other factors on the research content could not
be reasonably considered in this study. Future research
will focus on increasing the variability of destination
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names in terms of the length of characters. More compli-
cated sign scenarios will be included in the simulation ex-
periments, and the characteristics of driving simulation in
plateau and plain areas will be considered. The number of
test objects will be expanded to enhance the sample size
and include a more diverse group of drivers, such as older
drivers, who usually have a longer reaction time and of-
ten have impaired vision. As the continuity of the scheme
of aspect ratio in this study is not perfect, the ratio of 1.5
is not necessarily the optimal scheme. The national stand-
ard has stipulated that the ratio range of the size of the
minority languages is 1/3 to 1/2 of the height of Chinese
characters. Thus, if it exceeds the range, it will continue

. 2 . .
to increase the scheme after ?H to find a better design as

far as possible in the future. Additionally, field tests need
to be conducted to validate the results of driving simula-
tion studies.

4 Conclusions

1) The height of Tibetan characters had a significant
impact on the level of difficulty of visual recognition of
guide signs for Tibetan participants, and increasing the
height of Tibetan characters was found conducive to im-
proving the visual recognition effect of guide signs.

2) The aspect ratio form of Tibetan had no significant
effect on drivers’ visual recognition difficulty, but it
would impact the aesthetics of bilingual guide signs.

3) Han drivers mainly took note of the Chinese charac-
ters on bilingual road signs, and the form of Tibetan char-
acter height and aspect ratio had no significant influence
on their visual recognition of guide signs.

4) Considering the readability and aesthetics of the Ti-
betan-Chinese bilingual road signs, the Tibetan parame-
ters with better effect are as follows: The height of Tibet-
an characters is 2/3 of the height of Chinese characters,
and the aspect ratio is 1.5.

5) The current specifications for the layout of traffic
signs are still insufficient in terms of the visual recogni-
tion effect of Tibetan-Chinese bilingual guide signs. Par-
ticularly, the character height for Tibetan should be in-
creased to improve the visual recognition process for Ti-
betan drivers. The results can provide a theoretical basis
for improving the layout and setting of Tibetan-Chinese
bilingual guide signs and enhancing the effectiveness of
guide signs in Tibet.
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