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ARTICLE INFO ABSTRACT

In 2010, unintentional injuries represented 12% of the 5.1 million injury-related
fatalities worldwide among individuals aged 1 to 19 years. Although this significant
health issue exists, childhood injuries still remain relatively neglected in global health
efforts nowadays. This study employed a non-probability sampling method to
empirically investigate the presence and effectiveness of school safety signs among
children in a primary school in Zhengzhou, China. The aim is to provide new insights
into safety research within the context of school health, contributing both theoretically
and practically. It uses a quantitative method, including the distribution of
questionnaires, the use of KMO sample measurement to check the validity of the
questionnaire, the construction of thematic models and research hypotheses, and one-
way ANOVA to test the hypotheses. The preliminary findings have stated that the
effectiveness of safety signs is influenced by both the characteristics of their visual
elements and the personal traits of the information receivers. The proposed design
recommendations for school safety signs will benefit school children and safety sign
designers.

Keywords: school safety signs; danger perception; pupils; warning effectiveness.

1. Introduction

The World Report on Child Injury Prevention, has reported that approximately 830,000 children die each year
due to unintended or accidental injuries, mainly falls, drowning, scalds, and road traffic injuries. Public safety
is the primary task of preventing child injuries in the 21st century, and schools are where children are most
likely to be injured (Peden et al., 2008). Globally, the increase in the risk and impact of injuries has had a
significant impact on the well-being of school-aged children and adolescents. Their high level of vulnerability
is due to their physical fragility, mental and emotional capacities, and dependence on adult care (Pelling &Uitto,
2001). As a result, they bear a disproportionate burden of injuries. Approximately half of those affected by
injuries are children and adolescents, and the number of children and adolescents affected is projected to
increase significantly over the next decade (Kousky, 2016). Of these, the incidence of childhood injuries is
increasing and poses a major challenge to public health worldwide. As children grow into adulthood, the
proportion of total deaths caused by childhood injuries increases annually. Accidents and injuries are the
leading causes of morbidity and mortality in school-aged children (Towner et al., 1994; Gallagher et al., 1984).
Therefore, there is a great need to focus on the incidence of injuries in children and to improve their safety.
Injuries have become the leading cause of death among 1-14-year-olds in China, and as an important public
health problem that endangers personal safety and health, it will become the focus of disease control in China
in the 21st century, along with infectious and chronic diseases (Yin, 2000).
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2. Problem Statement

School safety is a problem in various parts of China. According to Hu et al. (2012), the main causes of nonfatal
injuries are falls, animal bites, traffic accidents, falling objects, and burns. The main location of the injuries was
schools.

School safety signs are especially vital to ensure that pupils, teachers, and other staff members are not at risk
of injury. They are performed by combining various shapes, colors, symbols, and pictograms, and each sign
element guides and informs users to take or avoid certain actions (A Guide to School Safety Signs, 2021). A
study by the National Safety Council of China showed that proper school safety signs can reduce accidents by
up to 80% (Sherbina, 2023). Therefore, the effectiveness of school safety signs for school-age children deserves
to be studied and emphasized. It can be seen, theoretically, that this study not only fills the gap in research on
school safety signs, but practically, the output suggestions also help the industry in terms of targeting school-
age children and design.

3. Research Questions & Research Objectives

Based on the school safety signs in China’s problem statement to examine the issues, the research questions
and research objectives for this study are as follows:

RQ1. How do the visual characteristics of school safety signs affect school-age children’s perceptions?

RQ2. How do the personal characteristics of school-aged children influence their willingness to comply with
school safety signs?

RQ3. What do school-aged children think about school safety signs?

RQ4. How can the effectiveness of school safety signs be improved, as perceived by school-aged children?
RO1. To analyze how the visual features of campus safety signs affect the perception of school-age children.
RO2. Investigate the influence of school-aged children's traits on their willingness to obey school safety signs.
RO3. To summarize the thoughts of school-age children on the design of school safety signs.

RO4. To develop a recommendation concerning the views of school-age children to enhance the efficacy of
school safety signs.

4. Theoretical framework & conceptual framework

Rogers et al. (2000) provide an objective summary of warning sign research and explore the effectiveness of
signs from two perspectives: individual and sign variables. They also noted that macro-environmental issues
such as the safety atmosphere could influence the efficacy of safety signs. Later, Laughery (2006) introduced a
model comprising three structural variables: logo characteristics, individual traits, and situational factors. The
purpose of the safety signs is to effectively communicate potential hazards to users to prevent accidents.
Information transmission involves attention, recognition, and understanding (Qiang, 2016). When examining
the perception of safety signs on campuses, individuals’ subjective and objective understanding may be
influenced by their cognitive state. Therefore, it is reasonable to analyze the factors that affect the
comprehension of safety signs on campuses from a cognitive-psychology perspective. Based on the cognitive
psychological process and C-HIP model, this study constructs a conceptual framework model depicting the
factors that influence the perception of campus safety signs. The model considers the characteristics of the
signs as well as individual user characteristics. Figure 3.1 illustrates this model and its advantages over a
previous model of safety sign effectiveness (Wogalter et al. (1999; Rogers et al., 2000). From a psychological
perspective, the perception process of safety signs by users is more closely divided, making it better suited for
analyzing the individual characteristics of children aged 7-12 in a practical context.

Factors Influencing Perceptionz of School Safety Signs and Perception Process of
Children
|
. *
Safety signs Individunl

characteristi characteristics
o Perception process )

|
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Figure 4.1: Theoretical framework
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This study will comprise two sections of conceptual framework:

Section 1 investigates the impact of safety sign characteristics on their effectiveness in terms of danger
perception (refer to Figure 4.2).

Section 2 examines the effect of individual characteristics on safety sign effectiveness in promoting compliance
behavior (see Figure 4.3).

Among them, section 1 primarily assesses the levels of risk conveyed by various colors (red, yellow, green),
information words (prohibited, caution), shapes (bordered circle with diagonal line, square, triangle), and
combinations of color, shape, and information words. Additionally, it examines the disparities in the levels of
risk conveyed by these variables. The hypothesis I is as follows:

[H1] Different visual characteristics of school safety signs elicit varying risk perceptions.

Colours (red, yellow,
green)

Information words
( prohibited, caution)

Shapes (bordered circle
with diagonal line, square, e
trianglc) The effectiveness of school
safety signs

(danger perception)
Colours (red, yellow, green)

Shapes (bordered circle with

diagonal line, square, triangle)

Colours (red, yellow, green) +
Information words (prohibited,

caution )

|

Figure 4.2 Conceptual framework-sectioni. Investigates the impact of safety sign
characteristics on their effectiveness in danger perception

Section 2 evaluates the impact of non-design elements on the effectiveness of safety signs. This includes

individual factors, particularly the risk inclination and safety motivation. The hypothesis II as shown below:
[H2] Different individual characteristics on safety sign elicit varying compliance

behaviors of school children.

independent variables dependent variables

Risk inclination

The effectiveness of schoal

Safety motivation _ safety signs

( compliance behaviour)

...........................

Figure 4.3 Conceptual framework section 2. Examines the effect of individual characteristics on safety
sign effectiveness in promoting compliance behaviour
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5. Research Methodology & Data Analysis

The research adopts a cross-sectional design, and quantitative data will be collected through questionnaires,
all of which are tested using a Likert 5-point scale. it will be analyzed using statistics for the validation of the
results, firstly, the validity of the model construction was tested by exploratory factor analysis, that is to
investigate whether factors might exist (Brace, Kemp & Snelgar, 2006). The Kaiser (Meyer) Olykin measure of
sampling adequacy and Bartlett’s test of sphericity were used to judge whether factor analysis could be
performed.

5.1 Questionnaire design

Part 1: Factors Affecting the Perceptions of Children Aged 77-12 by Measuring the Visual
Characteristics of School Safety Signs

This study aimed to examine the visual characteristics of campus safety signs and explore the factors
influencing their perception among school-age children. To this end, a questionnaire was distributed to a
sample of primary school students in China. The questionnaire consisted of items designed to capture
children's perceptions of safety signs about their visual characteristics, such as color, shape, and size. The
survey also included questions regarding individual characteristics to allow for further analysis of potential
differences in risk propensity and safety motivation. To ensure the clarity of the questionnaire, technical terms
will be explained and the language will be kept simple and precise. The findings of this study provide valuable
insights into children's perceptions of school safety signs and how visual characteristics influence these
perceptions. This research will inform the design and placement of safety signs in primary schools, and promote
children's safety and well-being. When examining the impact of the visual traits of safety signs on the
perception of school-aged children regarding campus safety, no significant dissimilarities exist regarding the
extent of danger, intensity of potential peril, likelihood of danger, degree of attention-grabbing, and level of
attentiveness of these diverse assessment techniques (Wogalter and Silver, 1990). Yu et al. (2004) employed a
survey consisting of 39 questions, utilizing a Likert 5-level scale, to investigate the relationship between
information words and colors and their interaction with shapes, and responses be rated from to 1-5, with five
levels ranging from "no risk 1" to "very likely severe risk 5.” Table 5.1 shows a visual illustration.

IV (amount) Questions References
Colours (3) 1. To what extent do you perceive a threat when| Wogalter&Silver,1990;
encountering the colour ‘red’? Yu et al., 2004

2. To what extent do you perceive a threat when
encountering the colour ‘yellow’?

3. To what extent do you

perceive a threat when encountering the colour
‘green’?

Information words (2) 4. To what extent do you perceive a threat when
encountering the word ‘prohibition’?

5. To what extent do you perceive a threat when
encountering the word ‘caution’?

Shapes (3) 7. To what extent do you perceive a threat when
encountering the shape

‘circle frame with a slash’?

8. To what extent do you perceive a threat when
encountering the shape ‘triangle’?

9. To what extent do you perceive a threat when
encountering the shape ‘square’?

combinations of colours (red, yellow, | 10-31.

green) and information words| To what extent do you perceive a threat when
(prohibition, caution) (6) encountering the ‘picture’?

combinations of colours (red, yellow,
green)and shapes (circle frame with a
slash, triangle, square) (6)

combinations of information words
(prohibition, caution) and shapes
(circle frame with a slash, triangle,
square) (6)
Table 5.1 Factors influencing the perceptions of children aged 7-12 by measuring the visual
characteristics of school safety signs
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Part 2. Factors influencing the compliance of children aged 7-12 with school safety signs

This study examined how the personal characteristics of school-age children affect their compliance with
campus safety signs.

To this end, the study utilized Goldberg et al.'s (2006) scale to measure risk propensity, Neal et al.'s (2000)
and Helmkamp et al.'s (2004) scales to measure safety motivation, and Likert's 5-point scale to test compliance
of children. The questionnaire was scored on a scale of 1-5 using 5 response levels, ranging from "completely
disagree 1" to "fully agree 5,” as presented in Table 5.2.

I\ No. | Questions References
Risk 1 I like doing exciting things. Goldberg
propensity 2 I never do dangerous activities (such as climbing trees). et al.,
3 I like challenging things. 2006
4 I want to try everything.
5 I do things without thinking about the consequences.
6 I like adventure.
Safety 7 I think the safe environment in schools is an important issue. Neal et al.,
motivation 8 I think it is very important to keep safe at all times. 2000;
9 I think it is important to improve personal safety awareness. Helmkamp
10 | I think it is important to reduce the frequency of school safety | etal., 2004
accidents.

Table 5.2 Factors influencing the compliance of children aged 77-12 with school safety signs

Part3. Measure children's understanding of school safety signs

When investigating the thoughts of school-aged children on designing campus safety signs, a Likert 5 scale was
employed to assess their understanding. The questionnaire was rated from 1 ("completely incomprehensible"
to 5 for "fully understood"), with five response levels ranging from 1 to 5. A total of 27 sign types were evaluated,
including prohibition, warning, and prompt signs, as shown in Table 5.3. Instructional signs have been
removed because they are all related to chemicals, which are not commonly found in primary school campuses
in China. This is outside the scope of primary school areas.

v Signs location Registered school safety sign images
(amount)

Prohibition | ENi Rl A e =\

signs laboratory, in the chemical storage room ® | ® @ @

(14) -Fire hydrants; electric gates; chemical hazerd [} J

labelling

a. No touching (1-2-3-4-5)
b. No closing (1-2-3-4-5)
c. No gloves (1-2-3-4-5)

d. No turning (1-2-3-4-5)

®®

a. No fireworks (1-2-3-4-5)
b. No smoking (1-2-3-4-5)

D. Cutdoor hand-washing sinks, watering hose i
on lawn, cafeteria sinks i

e
a. Non-drinking water (1-2-3-4-5)

®@®

a. No climl-a-ihg (1-2-3-4-5)
b. No crossing (1-2-3-4-5)

®

a. No throwing (1-2-3-4-5)

C. Inside the school building and on signage o1
the outdoor lawn

E Qutdoor fances, raiiings. dormitory gatas;

large trees and other high places

F Inside the school bunlhihg. eSpet:ally on the
rooftop of the upper floors and next to the
windows in the classrooms
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(. Walls inside school buildings. campus
construction roads

~Hazardous materials storage room, besides
.N -2-3-4-
|ifts, leadership room, conference office a. No passengers (1-2-3-4-5)
b. No stay (1-2-3-4-5)

c¢. No entry (1-2-3-4-5)
d. No passage (1-2-3-4-5)

Warning A. Walls inside school buildings, outdoors
Signs (10) -Slippery floor at the entrance to the washroom

a. Be safe (1-2-3-4-5)

a. Beware of electric shock (1-2-3-4-5)
b. Beware of fire (1-2-3-4-5)

C, Inside the school bullding on the walls,
laboratories, chemical storage rooms &
-Chemical Hazardous Materials Labelling |

a. Beware of the explosion (1-2-3-4-5)
b. Beware of burning hand(1-2-3-4-5)

D. Inside school buildings, espacially on upper
rooftops, next to classroom windows, in A A
stairwells, on slippery floors; outdoor rainwater "

puddles, uneven pavement, and construction a. Beware of trippingh(1-2-3-4-_5) b. Beware of
fepairs falling (1-2-3-4-5)

c. Beware of slipping (1-2-3-4-5)

d. Beware of potholes (1-2-3-4-5)

E Outside the school bullding, especially near
the maintenance work inside the campus

underneath buildings with physical objects,
such as plaques

a. Beware of falling objects(1-2-3-4-5)

Prompt A. On the walls inside the
signs (3) school building
-Stairwells, corridor 4

stairways

a. Safety stairs (1-2-3-4-5)
b. Emergency exit (1-2-3-4-5)

a. Garbage can (1-2-3-4-5)
Table 5.3 Measure children's understanding of school safety signs

5.2 Study population

Depending on the number of questions in the questionnaire, the sample size should be three to five or five to
ten times the number of questions in the questionnaire with the largest number of subscales (Wu and Tu, 2011;
Tinsley & Tinsley, 1987; Comrey, 1988). In this study, three themes were set up with a total of 63 questions and
a valid sample size of at least five times the number of questions (Gorsuch, 1983). Therefore, 300 volunteers
were selected. Stratified sampling was initially employed to divide students in grades 1-6 into three groups
based on their grade level: Group 1 (grades 12), Group 2 (grades 3-4), and Group 3 (grades 5-6). Due to the
large number of students in the school, quota sampling was then used to select 100 students from each group.
These students voluntarily participated in the activity and received a gift as a token of appreciation.
Additionally, to ensure an equal gender ratio and to avoid gender-based errors, an equal number of males and
females were selected from each group, resulting in 50 boys and 50 girls in each group. The selection criteria
for participants are shown in Table 5.4.
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¢ Include children who studies in the primary Exclude children who does not study in the primary

school, school, as well as working staff of the primary
school.
Aged 7-12. Under 7 or above 12

Male & Female.

Table 5.4 The selection criteria for participants

5.3 Research tools

The materials and tools used correspond to the different stages of research. In the first stage, three
questionnaires were administered to children. In the second stage, a self design manual was sent to the children
to draw them on. On each page, the children have a reference for the sign (meaning of the sign), and they are
required to design and draw the sign according to their understanding at a location of 7 x 7 cm. The children
were required to draw the generally incomprehensible campus safety signs provided by the researchers in the
manual, which were selected from the results of Questionnaire 3. Color pens (red, yellow, and green) and black
watercolor pens are provided to children to understand how they choose colors when designing safety signs.

6. Discussion

The findings of this study have significant implications for school health research, particularly in the area of
injury prevention through effective communication tools like safety signs. The study highlights that the
effectiveness of school safety signs is influenced by both visual design elements and personal traits of
information receivers. These insights underline the importance of tailoring safety interventions to the cognitive
and perceptual capacities of children aged 7—12, a group identified as particularly vulnerable to school-related
injuries (World Health Organization, 2008).

I. Visual Design and Comprehension

The role of visual elements such as color, shape, and symbols in conveying safety messages effectively cannot
be overstated. Research indicates that children have varying levels of visual literacy, which can impact their
ability to interpret safety signs

(Peden et al., 2008). For instance, bold colors and universally recognized symbols (e.g., red for danger or green
for safety) improve the likelihood of message comprehension among younger audiences. This aligns with
existing literature suggesting that age-appropriate design can significantly reduce misunderstandings and
improve adherence to safety instructions (Schwebel et al., 2012).

I1. Personal Traits and Perception

The study also highlight the personal traits of children, such as their cognitive development, familiarity with
safety concepts, and previous exposure to safety education, emphasizes the need for a child-centered approach
in school safety programs. Children with higher exposure to safety education demonstrated better
understanding and recall of safety signs, a finding consistent with earlier research that highlights the role of
repeated exposure and education in improving safety behaviors (Kennedy & Chen, 2009).

III. Contributions to School Health Research

This research supports a shift towards evidence-based policies in school health management. The inclusion of
scientifically validated safety signage in school environments aligns with global frameworks, such as the
Sustainable Development Goals (SDG 3: Good Health and Well-being), which emphasize the reduction of
injuries through preventative measures (United Nations, 2015). Moreover, by focusing on the interaction
between visual elements and user characteristics, it bridges the gap between design theory and practical
application in school health contexts. There are significant implications for the further study- the proposed
recommendations for school safety signs have practical applications beyond schools, potentially influencing
public safety policies in child-centered environments such as playgrounds and recreational facilities.

~. Conclusion

To summarize, this study seeks to comprehend the variables impacting 7-12-year-old children's perception of
school signs, assess the efficacy of such signs and children's understanding of them, and make suggestions on
the design of school safety signs suitable for school-age children to reduce the incidence of school accidents.
Through questionnaires and field surveys, the sample size of children in Wenhua Road primary school in
Zhengzhou City, Henan Province, China was comparatively small and lacked representation, potentially
indicating regional bias. These limitations should be considered when interpreting the results of this study. The
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proposed random sampling technique enhanced the representativeness of the sample and increased its
coverage area, thereby improving the overall applicability of the study. This study employed a self-reported
questionnaire for measurement, allowing each respondent to provide subjective evaluations, which may
introduce some measurement bias regarding the effectiveness of safety signs. If the behavior of the surveyed
sample is observed onsite for an extended period, it can enhance the reliability of the research findings. The
expected knowledge contributions of this study include focusing on primary school children, examining the
visual semiotics of image symbols and extracting shared features, and broadening research on the efficacy of
campus safety signs. Based on empirical research and theoretical assumptions regarding the effectiveness of
current safety signs, this study investigates school safety sign characteristics and individual characteristics at
two levels. Two thematic models were developed in this study. One considers sign characteristics, aiming to
explore children's risk perception of signs. The aim of analyzing personal characteristics is to investigate the
extent to which children are willing to adhere to safety signs. This study provides compelling proof of the
efficacy of school safety signs, thereby providing a logical and theoretical foundation for the creation of these
signs. Additionally, it addresses the gap in the research on school safety signs for children aged 7-12 years old.
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