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Purpose: Safety signs are widely used to deliver safety-related information. There are many
different types of safety signs. Although previous studies have paid attention to the design
and effectiveness of safety signs, little attention has been devoted to investigating how
people process the information conveyed by different types of safety signs. Accordingly,
the current study is intended to explore the neural mechanisms underlying people’s percep-
tion of different types of safety signs.

Methods: Three types of safety signs (prohibition, mandatory and warning signs) were used
in the study. We employed questionnaire and event-related potentials (ERPs) experiment
with an implicit paradigm to probe how people perceive these three types of safety signs.
Results: Behaviorally, warning signs induced a higher level of perceived hazard than
prohibition signs and mandatory signs, and prohibition signs induced a higher level of
perceived hazard than mandatory signs. At the brain level, prohibition signs and warning
signs led to reduced P2 amplitudes compared to mandatory signs. In addition, warning signs
elicited larger N2 and N4 amplitudes than prohibition signs and mandatory signs, and
prohibition signs elicited larger N2 and N4 amplitudes than mandatory signs, coinciding
with the behavioral results.

Conclusion: Different types of safety signs led to significant differences in individuals’
hazard perception. Based on the neural results, we suggest that the processing of safety signs
consists of two stages: the rapid detection of hazard information (indicated by P2) and the
conscious integration of hazard information in working memory (indicated by N2 and N4).
Keywords: safety sign, hazard perception, event-related potentials, P2, N2, N4

Introduction

Safe production methods have been increasingly important in recent years. The
frequent occurrence of safety-related accidents poses great harm to human lives and
social harmony. For example, some of these accidents may be quite a blow to
a family because people involved are a key breadwinner for the family.! In an
attempt to curb safety accidents, safety signs are used to inform people about
potential hazards or prompt people to take reasonable actions. As a security infra-
structure, safety signs are widely applied in our daily surroundings, such as in
industrial production sites and in commercial and residential buildings.

Given the importance of safety signs in safety management, numerous studies
have investigated their design and effectiveness. For example, Wogalter and Silver
asked participants to rate 84 warning signal words on a number of dimensions, such
as strength, likelihood of injury, severity of injury and attention gettingness, and

noted strong inter-correlations among these dimensions. Accordingly, a general
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dimension named “arousal strength” was proposed to mea-
sure perceived hazard.? A comparative study of three
signal words (caution, danger, warning) and four back-
ground colors (red, yellow, white, and orange) demon-
strated that the hazard levels of different signal words
were different, as were the hazard levels of different back-
ground colors.” Wogalter noted that warnings provided to
the subjects before the emergence of danger exerted
a significantly stronger influence than warnings provided
during the occurrence of the danger, and suggested the
addition of signal text, consequences, instructions, etc. to
the safety signs to promote warning effectiveness.’
Additionally, a strand of research has explored the effect
of surrounding shapes (e.g., upright triangle, diamond and
circle) on hazard perception.’”’ To systematically eluci-
date how people process hazard information, a series of
theoretical models have been proposed, including the com-
munication theory,® communication-human information
processing model (C-HIP, which is later refined as a three-
stage model consisting of attention, knowledge and

compliance),”'’

and hazard perception two-stage model
(HPTS, which is comprised of an early hazard detection
stage and a later hazard evaluation stage).'' Besides, the
elaboration likelihood model (ELM), which provides
a framework for understanding the fundamental processes
that underlie the effectiveness of persuasive communica-
tions, is also helpful to understand the effectiveness of
hazard communication.'> According to the ELM, people
rely on central cues to form attitudes toward the security
messages when the elaboration likelihood is high; other-
wise they rely on peripheral cues.'*'

Though previous studies have extensively examined
how people perceive safety signs, most of them have
focused on the subcomponents of safety signs (i.e., signal
words, colors, pictorials and surrounding shapes) or
a single type of safety signs.*7!" However, little attention
has been paid to how people process the hazard informa-
tion conveyed by different types of safety signs.'>'®
According to the message communicated by safety signs
and their functions, they could be broadly classified into
prohibition, mandatory, warning, and guide categories:'’
prohibition signs convey messages that prohibit certain
conduct; mandatory signs convey rules that people must
abide by; warning signs notify people about potential
hazards; and guide signs provide information about direc-
tions. That is, different types of safety signs play different
roles in directing people’s behavior. These signs should be
able to convey hazard information effectively and cause

alarms among audiences in order to avoid accidents in
potentially risky environments.® Understanding the per-
ceptual and cognitive processing of different types of
safety signs is of great importance for improving the
effectiveness of safety signs. Consequently, the current
study attempts to probe this issue. It is suggested by
prior research that the arousal strength of perceived hazard
is  critical for hazard evaluation and  sign
effectiveness.>®'""'®!* Hence we suppose that different
types of safety signs might result in differential processing
primarily due to their differences in the strength of per-
ceived hazard.

Extant research on hazard perception toward safety
signs has largely relied on explicit paradigms that directly
asked subjects to attend to safety signs (or their
subcomponents).>”"!12%2! In real life, however, an indivi-
dual’s attention is not readily directed toward safety signs,
which implies that safety signs might be processed impli-
citly in many cases. As a result, this study adopted an
implicit paradigm in which safety signs served as nontar-
get stimuli and some home products (e.g., desk) served as
target stimuli; subjects were instructed to pay attention to
the home products throughout the experiment. Such an
implicit paradigm not only ensured that the safety signs
were processed implicitly, but also allowed us to mask the
true purpose of the experiment and avoid a “relevance-for-
task” effect.”

Since no behavioral responses were required for the
safety signs in the implicit paradigm, neurophysiological
measures that were able to capture the neural responses
toward safety signs were of paramount importance in this
study. ERPs, as direct measures of perceptual and cognitive
processing of the stimuli with high temporal resolution, are
conducive to understanding how people process hazard
information.®'" Amplitudes of ERPs components are sup-
posed to signify the degree or intensity of the engagement of
cognitive processes, and latencies indicate the time course of
stages of information processing. As a result, ERPs
approach was utilized to identify the temporal dynamics
associated with perception and cognition with respect to
safety signs in the current study.>~* Until recently, most
studies on safety signs have employed surveys or behavioral

experiments, 71510

which failed to clearly characterize the
neurocognitive substrates underlying the processing of
safety signs.*'"?* The present study aims to narrow this
gap in the literature. Furthermore, this study served to extend
the research by Ma et al on hazard information processing,

in which ERPs were applied to recording neural responses.’®
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Ma et al proposed the HPTS model, suggesting that two
stages were involved in the processing of warning signal
words, i.e., the relatively early hazard perception and detec-
tion stage and the later controlled hazard evaluation stage.''
We would explore whether the HPTS model also applied to
this study.

Literature Review

According to the HPTS model, P2, N2 and N4 were of
particular interest to us. P2 is a relatively early positive
component of ERPs that typically peaks approximately 200
ms after the onset of a stimulus and is well established to
reflect the rapid automatic attentional processing of the
stimulus.'"*'® Extant literature has shown that P2 is closely
associated with the allocation of attentional resources to moti-
vationally and/or emotionally significant stimuli,”**” and the
detection of hazard stimuli, such as frightful words or
images.'**%3! Specifically, P2 is related to the early detection
of threatening stimuli (words or images) and represents heigh-
tened sensitivity that elicits an attentional response toward
potentially negative or dangerous events, and this response
is generally attributed to the long-term evolutionary desire of
human beings to avoid negative consequences.''2026-2%32
Thus, the current study posits that P2 reflects the early auto-
matic detection of hazardous information.

Following the P2 component, a negative wave, known
as N2 (or N200), arises in the frontal or central region,
with its latency falling between 200-300 ms.**** N2 is
suggested to be derived from the frontal area of the brain,
such as the anterior cingulate, and reflect conflict proces-
sing during cognition and decision making.** It has also
been reported that N2 in the prefrontal region could be
induced by nonresponsive stimuli (such as no-go trials)
and is sensitive to subjects’ perceptual separation of sti-
muli. For example, in an implicit experiment, Yuan et al
reported that the amplitude of N2 induced by extremely
negative picture (such as bleeding) was significantly
greater than that induced by moderately negative pictures
(such as smoking) and neutral pictures (such as chairs).*
Furthermore, Halgren and Marinkovic and Campanella
et al noted that N2 was more sensitive to negative facial
stimuli than to positive or neutral facial stimuli.*”*** This
finding was further proven by Cuthbert et al.*' As Van
Veen and Carter suggested, N2 might represent an
advanced stage for the processing of dangerous
information.>® In accordance with these studies, we
hypothesize that safety signs that convey more hazardous
information would elicit a more negative N2 amplitude.

N4 (N400) is a negative-going component of ERPs
observed approximately 400 ms after stimulus onset. It is
representative of postperceptual, conscious and high-level
integration of meaning and context in working memory.***
During the processing of negative stimuli, negative informa-
tion could lead to memory-related cognitive processes,
which might evoke a notable N4 amplitude.”*** For exam-
ple, Williams and Liddell asked participants to discriminate
fear vs. neutral stimuli and noted an increased N4 in the fear
condition (vs. neutral condition), which suggested the con-
scious integration of emotional stimuli in working
memory.'® Therefore, in the current study, we postulate
that safety signs that communicate more hazardous informa-
tion would induce a larger N4 amplitude.

In summary, the current study aims to investigate the
neurocognitive substrates of how people process different
types of safety signs with an implicit paradigm. Before the
ERPs experiment, a survey was conducted to examine the
strength of perceived hazard of each type of safety signs.
Based on the abovementioned literature, we hypothesize
that different types of safety signs might be processed
differently in the human brain given that they differ in
the strength of perceived hazard. More specifically,
a smaller P2 amplitude would be elicited by warning
signs than by prohibition signs and a smaller P2 amplitude
would be elicited by prohibition signs than by mandatory
signs. In contrast, the amplitudes of N2 and N4 would be
larger for warning signs than for prohibition signs and

larger for prohibition signs than for mandatory signs.

Materials and Methods

Subjects

Twenty subjects (10 females) were recruited from
Zhejiang University as paid volunteers, with ages ranging
from 22-37 years (M £ S.D. = 25.90 + 4.20). All subjects
were healthy, right-handed native speakers, with normal or
corrected-to-normal visual acuity, and did not have any
history of neurological or mental diseases. The study was
conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Internal Review
Board of the Neuromanagement Lab in Zhejiang
University. Written informed consent was obtained from

each participant prior to the experiment.

Materials
This study employed an implicit paradigm with a counting
task, which has been widely utilized in task-irrelevant
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Figure | Examples of three types of safety signs: (A) A prohibition sign indicating “No putting on spikes”; (B) A mandatory sign indicating “Must wear protective shoes”;

(C) A warning sign indicating *“Caution, mechanical injury”.

experimental designs and proven to be feasible to investi-

gate automatic information processing driven by
stimuli.*?****¢ Twelve pictures of prohibition signs,
twelve pictures of mandatory signs and twelve pictures
of warning signs were selected according to the recom-
mendation list of the Chinese National Standard'” as non-
target stimuli (see Figure 1 as an example). We did not
include guide signs in the present study since they have
quite different physical features compared with the other
three types of signs. Thus, it resulted in three main condi-
tions, i.e., prohibition signs, mandatory signs and warning
signs. Additionally, twelve neutral pictures of home pro-
ducts (e.g., desk) were selected as target stimuli. The
participants were required to count the number of home
products in the experiment. All pictures were processed to
be grayscale images with similar brightness and contrast.
Each picture was repeated three times in the experiment;
thus there were 144 trials in total, with 36 trials in each

condition.

Procedure

Subjects were seated comfortably in a sound-attenuated
room with the computer screen positioned approximately
100 cm in front of them. They were asked to read the
experiment instructions before the formal experiment
started. In the instructions, subjects were told that they
would be presented with a number of stimuli in each
block and the purpose of the experiment was to see how
accurate they could memorize the number of target stimuli

(home products). They were also informed that the finan-
cial rewards for their participation would be determined by
their performance in the experiment. To familiarize the
subjects with the experimental procedure, each of them
had a practice session with 10 trials.

The formal experiment consisted of three blocks, with
48 pseudorandomized trials in each block. The stimuli
were presented at the center of a gray screen by using
E-Prime 2.0 (Psychology Software Tools Inc., Pittsburgh,
PA, USA). As illustrated in Figure 2, each trial was
initiated by a fixation cross presented for 200 ms, which
was followed by an interval with a duration varying
Afterwards,
a picture (stimulus) was displayed with a visual angle of

randomly between 400 and 600 ms.

Figure 2 Experimental procedure of a single trial. Subjects were asked to count the
number of home products presented in each block in their mind.

submit your manuscript
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3.4°x3.4° for 800 ms. Finally, there was an inter-trial
interval (ITI) of 1200 ms before the next trial started.
Subjects were instructed to count the number of target
stimuli (home products) presented in each block in their
minds and to report the number after they completed the
block. This task prompted the subjects to concentrate on
the target stimuli and made the processing of safety signs
task-irrelevant. If a subject reported wrong numbers in
more than one block, data from that subject were
excluded from further analysis. As a matter of fact, only
two subjects made mistakes, with each of them reporting
a wrong number in one block. Therefore, the task perfor-
mance of all subjects was acceptable and each subject
was paid for 30 Yuan (about equal to 5 USD at the time of
data collection) as a reward after the experiment ended.

Electroencephalogram Data Acquisition
and Analysis

The continuous scalp electroencephalogram (EEG) was
recorded (bandpass 0.05-100 Hz, sampling rate 500Hz)
with a Neuroscan Synamp2 Amplifier (Scan 4.3.1,
Neurosoft Labs, Inc.). An electrode cap with 64 Ag/AgCl
electrodes mounted according to the extended international
1020 system was used. A cephalic (forehead) location
served as the ground. Channel data were referenced to the
left mastoid online and re-referenced to the average of the
left and right mastoids offline. The vertical electrooculo-
gram (EOG) was recorded from the left eye by the supra-
orbital and infra-orbital electrodes. The horizontal EOG
was recorded from electrodes on the outer canthi of both
eyes. The impedance of all electrodes was kept below 5
KQ throughout the experiment.

The EOG artifacts were corrected using the method
proposed by Semlitsch, Anderer, Schuster, Presslich*’
The stimulus-locked EEG data were digitally filtered
with a bandpass from 0.1 to 30 Hz (24 dB/Octave), seg-
mented into epochs from 200 ms prestimulus to 800 ms
poststimulus, and baseline-corrected by the 200 ms presti-
mulus interval. Trials contaminated by amplifier clipping,
bursts of electromyographic activity, or peak-to-peak
deflection exceeding +80 pV were excluded from aver-
aging. Only nontarget stimuli were analyzed in this study.
Thus, the EEG segments were averaged separately for
prohibition, mandatory and warning signs for each subject.

Based on a visual inspection of the grand averaged
waveforms and the extant literature on safety signs, three
components of ERPs, P2, N2 and N4, were analyzed. Six

electrodes (F3, Fz, F4, FC3, FCz, and FC4) in the frontal
and fronto-central regions were selected for P2, N2 and N4
analyses.'""'®?%3% The mean amplitudes in the time win-
dows of 150-170 ms, 200-250 and 305-365 ms were
calculated for P2, N2 and N4 respectively before being
submitted to 3 (type: prohibition signs, mandatory signs
and warning signs) x 6 (electrode: F3, Fz, F4, FC3, FCz,
FC4) repeated measure ANOVAs. The Greenhouse—
Geisser correction was applied when necessary (uncor-
rected df and corrected p-values were reported).*®

Results

Questionnaire Results

A survey was conducted to test whether prohibition, man-
datory and warning signs differed in the strength of per-
ceived hazard.''*' A hundred and sixty-nine participants
who did not take part in the electrophysiological experi-
ment participated in the survey. They were told that the
aim of the survey was to understand how people perceived
different safety signs and were asked to rate the perceived
hazard levels of the safety sign pictures using a seven-
point Likert scale (1 = very low, 7 = very high). Among
the 169 participants, 51.5% of them were male and 48.5%
were female, with age ranges of 16 —20 (8.3%), 21-25
(45.5%), 26-30 (29.6%) and larger than 30 (16.6%). As
for education, the majority of participants (65.1%) had
earned bachelor’s degrees, 30.8% had earned master’s or
doctoral degrees, whereas 4.1% had high school education.
Regarding occupation, 50.3% of them were students and
49.7% were employees. For the perceived hazard levels of
the pictures, the alpha reliability coefficients were 0.853,
0.865 and 0.791 for prohibition, mandatory and warning
signs, respectively. One-way ANOVA demonstrated
a significant difference in the mean hazard levels among
prohibition signs (M = 4.632, S.D. = 1.159), mandatory
signs (M = 3.686, S.D. = 1.283) and warning signs (M =
5.149, S.D. = 0.992; F (2, 336) = 146.409, p < 0.001).
Pairwise t tests showed that the differences between each
two types of safety signs were significant (ps < 0.001).

ERPs Results

P2 Analysis

The ERPs grand averaged waveforms at six selected elec-
trodes (F3, Fz, F4, FC3, FCz, and FC4) are displayed in
Figure 3. The two-way repeated measure ANOVA on P2
amplitude revealed a significant main effect of type (F (2,
38) = 13.640, p <0.001). Pairwise z-test results showed that
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a larger P2 was elicited by mandatory signs (M = 1.457
1V, S.E. = 0.564) than by prohibition signs (M = 0.461 pV,
S.E.=0.572, p <0.001) and warning signs (M = 0.690 puV,
S.E. = 0.633, p < 0.05). However, there was no significant
difference between prohibition signs and warning signs
(» > 0.1). The main effect of electrode (F (5, 95) =

1.923, p > 0.1) and the interaction between type and
electrode (F (10, 190) < 1, p > 0.1) were not significant.

N2 Analysis
The two-way repeated measure ANOVA on N2 amplitude

revealed a significant main effect of type (F (2, 38) =

< 4 < 4
9] o}
3 3
= 2 =
Q o
S
£ E
-200 v 0
H
H ms
A 2 2 «
= = = Prohibition signs
esessseee |Mandatory signs
4 4 e \Narning signs
3
Mandatory Signs Warning Signs

P2:150-170 ms

N2: 200-250 ms

N4: 305-365 ms

Figure 3 Event-related potentials (ERPs) results. (A) The grand averaged waveforms in the frontal and fronto-central sites; (B) The topographic maps of P2, N2 and N4 for
different types of safety signs. P2 is the second positive component of ERPs; N2 is the second negative component of ERPs; N4 is a negative component of ERPs observed at
around 400ms. FZ is a frontal midline scalp electrode and FCZ is a fronto-central midline scalp electrode.
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Table | Summary of Event-Related Potentials (ERPs) Results

wSs PS MS Pairwise Comparison Results

M S.E. M S.E. M S.E.
P2 0.690 0.633 0.461 0.572 1.457 0.564 WS < MS¥, PS < MS##*
N2 —-1.829 0.554 —1.082 0.605 -0.312 0.698 WS > PS¥, WS > MS¥# PS > MG
N4 —2418 0.450 —-1.972 0.537 —1.238 0.541 WS > PS*, WS > MS¥F PS > MS#*

Notes: P2 is the second positive component of ERPs; N2 is the second negative component of ERPs; N4 is a negative component of ERPs observed at around 400ms;
*p<0.05, **p<0.01, ***p<0.001; The relative magnitudes of an ERPs component in different conditions were determined depending on its polarity.

Abbreviations: WS, warning signs; MS, mandatory signs; PS, prohibition signs.

24.799, p < 0.001). Pairwise t tests showed that a larger
N2 amplitude was evoked by warning signs (M = —1.829
uV, S.E. = 0.554) than by prohibition signs (M = —1.082
pnV, S.E. = 0.605, p = 0.002) and mandatory signs (M =
—0.312 uV, S.E. = 0.698, p < 0.001). Prohibition signs also
evoked a larger N2 amplitude than mandatory signs (p =
0.002). The main effect of electrode was also significant (F
(5, 95) = 5.201, p = 0.005). However, the interaction
between type and electrode (F(5, 95) <1, p > 0.1) did not
reach statistical significance.

N4 Analysis
For N4, ANOVA results also showed a significant main
effect of type (F (2,38) = 19.039, p < 0.001). Pairwise
t tests showed that a more negative N4 amplitude was
elicited by warning signs (M = —2.418 uV, S.E. = 0.450)
than by prohibition signs (M = —1.972 pV, S.E. = 0.537,
p = 0.040) and mandatory signs (M = —1.238 uV, S.E. =
0.541, p < 0.001). The difference between prohibition
signs and mandatory signs was also significant (p =
0.005). The main effect of electrode was significant (F
(5, 95) = 6.559, p = 0.002), but the interaction between
type and electrode was not (F (5, 95) = 1.264, p > 0.1).
To provide an overall picture of the findings, the main
ERPs results are summarized in Table 1.

Discussion

In the present study, ERPs were utilized to explore the
electrophysiological substrates of how people perceive
three types of safety signs (i.e., prohibition, mandatory
and warning signs) with an implicit paradigm.
Continuous EEG data were recorded while the subjects
completed the task. The results showed that three compo-
nents of ERPs, P2, N2 and N4, could serve as neural
indicators of the perceptual and cognitive processing of
safety signs. To be specific, compared to mandatory signs,
prohibition signs and warning signs resulted in attenuated
P2 amplitudes. However, P2 amplitudes did not differ

between prohibition and warning signs. In addition, the
amplitudes of N2 and N4 elicited by warning signs were
significantly larger than those elicited by prohibition signs,
which in turn were larger than those elicited by mandatory
signs.

Behavioral and Cognitive Mechanism

In light of the previous findings, the processing of safety
signs consists of two stages: the rapid automatic detection
of hazard information and the conscious integration of
hazard information in working memory. Frontal P2 (earlier
than 200 ms) activation is associated with the automatic
classification of stimuli and early attentional bias that
occurs automatically and might represent the rapid detec-
tion of typical stimulus features.”® A number of studies
have demonstrated that P2 reflects a rapid and dynamic
assessment of the valence of stimuli.?”** For instance,
Yuan et al observed that extremely negative stimuli led
to a smaller P2 than moderately negative and neutral
stimuli due to a rapid detection process of salient threaten-
ing features.”> Moreover, in a recent study investigating
the hazard perception of the surrounding shapes of warn-
ing signs, it was noted that the shape of an upright triangle
engendered a smaller P2 amplitude than the shape of
a circle because the former shape embodied a higher
level of perceived hazard than the latter.® In the current
study, the subjective ratings collected in the survey
demonstrated that warning signs gave rise to a higher
level of perceived hazard than prohibition signs and man-
datory signs, and prohibition signs engendered a higher
level of perceived hazard than mandatory signs.
Accordingly, our finding of decreased P2 amplitudes for
warning signs and prohibition signs (vs. those for manda-
tory signs) might suggest an enhanced rapid detection of
threatening content, which automatically recruits atten-
tional resources at the relatively early stage. In addition,
hazard

the  enhanced detection  might occur
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subconsciously, and only a fraction of the safety sign
features could be detected, as P2 component arose
approximately 150 ms after the stimulus onset, which
was a relatively early time point.** This outcome might
explain why P2 amplitudes did not differ between warning
signs and prohibition signs.

Apart from P2, notable N2 and N4 (later than 200 ms)
activities were observed, which could be considered as the
conscious integration of hazard information. N2 might
represent a higher level of hazard information processing.
As subjects had already paid attention to the content of the
safety signs, more stimuli properties were perceived and
more potential hazard information was extracted at this
stage, which facilitated the brain to integrate the informa-
tion, leading to the comprehension of the meaning of the
different safety signs. Therefore, warning signs and prohi-
bition signs, which did not show any significant difference
at the relatively early stage (earlier than 200 ms), led to
significantly distinguished brain activities at this proces-
sing stage (later than 200 ms). More specifically,
a markedly more negative N2 amplitude was evoked by
warning signs than by prohibition and mandatory signs.
The prohibition signs also triggered a larger N2 amplitude
than mandatory signs. This finding was in line with the
subjective ratings collected in the survey study.

N4 activities were observed during the 300-500 ms
interval in all conditions. An enlarged N4 was evoked by
warning signs than by prohibition and mandatory signs.
Meanwhile, N4 amplitude evoked by prohibition signs was
also larger than that evoked by mandatory signs. N4 in the
frontal regions is an endogenous brain parameter sensitive
to the valence of face and word stimuli and is suggestive
of the postperceptual and conscious integration of meaning
and context in working memory.*****%-** Taking the find-
ings from Williams et al as an example, in which the
authors engaged participants in a task to discriminate
fear stimuli from neutral stimuli and observed an enlarged
N4 in the fear condition (vs. neutral condition), people
consciously integrated emotional stimuli in their working
memory.'® Similarly, a more negative slow wave was
observed for extremely negative stimuli than moderately
negative and neutral stimuli.’” In accordance with prior
literature, we conjecture that the augmented N4 amplitude
for warning signs (vs. prohibition and mandatory signs)
and for prohibition signs (vs. mandatory signs) possibly
indicates the increased activation of prefrontal cortical
networks linked to the conceptual knowledge of warning
and prohibition signs and the facilitated integration of

hazard information in working memory. The conceptual
knowledge about the subcomponents contained in safety
signs has to be retrieved so that hazard information can be
extracted and integrated in working memory.

These two stages are not entirely in support of the
HPTS model proposed by Ma et al as the second stage
in the HPTS model refers to a relatively late hazard eva-
luation process indexed by late positive potentials (LPP)."'
We considered two possible explanations for the discre-
pancy between these two studies. First, they used different
paradigms: Ma et al instructed subjects to judge the hazard
level of the stimuli explicitly, rendering the processing of
hazard information task-relevant;'' conversely, the present
study adopted an implicit paradigm that did not ask the
subjects to attend to safety signs, which made the proces-
sing of safety signs task-irrelevant and the integration of
hazard information in working memory a critical process
required to grasp the meaning of safety signs. Second, the
two studies differed in experimental stimuli: Ma et al used
warning signal words, a subcomponent of safety signs, as
stimuli;'' however, this study used complete safety signs
as stimuli, the comprehension of which required concep-
tual knowledge about each subcomponent and the integra-
tion of hazard information.

Theoretical and Practical Implication
Theoretically, the present study provides a new perspec-
tive on individuals’ processing of different types of
safety signs. First, the current study revealed indivi-
duals’ perception of the complete safety signs both at
the behavioral and neural levels. To the best of our
knowledge, this is the first study to investigate the
neural mechanisms underlying the processing of differ-
ent types of safety signs by ERPs. Additionally, this
study extends the HPTS model proposed by Ma et al
that delineates the neural processes of hazard perception
and evaluation for warning signal words.'' The results
of the present study suggest that when processing safety
sign pictures with an implicit paradigm, individuals’
cognitive processes could also be divided into two
stages, although the second stage differs from the
HPTS model to some extent. Finally, the implicit para-
digm used in this study helped us understand how
human brain responded to safety signs without explicitly
devoting attention to them.

The findings of this study also have practical impli-
cations. Occupational health and safety has been a major

15,16

concern in industrial production, especially for
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countries where the second industry is a pillar industry.
The effectiveness of safety signs is crucial, since safety
signs are one of the most important safety precaution
measures. Unlike previous studies, the present study
employed an implicit paradigm that was closer to real
life, where people’s attention was not readily directed
toward safety signs. Consequently, it provides us with
insight into the role of safety signs in everyday scenar-
ios, endowing the findings of this study with more
practical significance. First, this study suggests that
people are able to perceive the potential hazards con-
veyed by safety signs even if they do not explicitly pay
attention to safety signs. Thus, safety signs should be
put in place where they are necessary and noticeable so
as to increase the likelihood of being processed (expli-
citly or implicitly) by viewers. Moreover, it is indicated
that warning, prohibition and mandatory signs differ
from each other in the strength of perceived hazard.
This point should be taken into account when designing
safety signs to make sure that a specific safety sign
communicates an appropriate level of perceived hazard.
Last but not least, the design of a safety sign is recom-
mended to be vivid and easily understandable so that the
conceptual knowledge about the sign components could
be retrieved with ease and the hazard information could
be integrated in working memory.

Limitations

There are some limitations that should be acknowl-
edged. First, this study was based upon a broad classi-
fication of safety signs (i.e., prohibition, mandatory and
warning signs) without considering the application of
safety signs in any specific domain. However, safety
signs are designed to be applied in diverse domains,
such as traffic safety, mine safety, medical and public
health safety, and chemical and biological experimental
safety. Accordingly, future studies may explore how
people perceive the safety signs used in a certain indus-
try or application field, which requires the experimental
materials to be more specialized and subjects to be more
professional. The results could then make safety signs
more targeted for a specific audience and enhance sign
effectiveness. In addition, though the present study
revealed how people processed the information con-
veyed by safety signs with an implicit paradigm, it
remains unknown if the findings of current study could
extend to contexts when people are confronted with
dangers. Thus, it is worthy of further research to extend

this line of research and figure out people’s perception
of safety signs in dangerous situations. Third, the major-
ity of the participants in the survey were aged between
20-30 and had college degrees. A more diverse sample
is recommended to be included in future research.

Conclusion

Taken together, the current study delved into the neural
temporal dynamics associated with processing safety
signs. Subjects were engaged in an implicit task with
their scalp EEG data recorded. The results showed that
significantly smaller P2 amplitudes were elicited by
warning signs and prohibition signs than by mandatory
signs, but there was no significant difference between
the results for warning signs and prohibition signs.
Furthermore, warning signs induced more negative N2
and N4 amplitudes than prohibition and mandatory
signs, and prohibition signs induced more negative N2
and N4 amplitudes than mandatory signs. These results
suggest the rapid automatic detection of hazard informa-
tion and the conscious integration of hazard information

in working memory, respectively.
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