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Abstract 
This study examined how South Korea’s regular significant atmospheric phe-
nomena, the yellow dust and the monsoon, affected students’ health and aca-
demic engagement at school. Five hundred middle and high school students 
were surveyed to figure out the atmospheric impacts on the students’ lives. 
The results of this study found that the severity of yellow dust and monsoon 
conditions experienced by the students negatively influenced their academic 
engagement. However, the variable of students’ concerns about their health 
was shown to have a mediating effect between the intensity of yellow dust and 
the level of academic engagement. These results indicated the need to alleviate 
the yellow dust and monsoon atmospheric phenomena and their effects at 
both the school and national levels in order to improve the academic engage-
ment of students in South Korea. 
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1. Introduction 

Over the last few decades, climate change has significantly increased average 
global temperatures, damaged forests and marine life, and reduced air quality. 
The main types of air pollution, namely smog, acid rain, and ozone depletion, 
have hindered people’s ability to conduct their daily lives and been a source of 
increased mortality. Air pollution was named as the fourth leading risk factor for 
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premature death around the world. Studies have reported that approximately 5.5 
million deaths occurred due to diseases associated with air pollution in 2013. In 
the United States alone, air pollution has contributed to nearly 200,000 deaths, 
largely caused by asthma, bronchitis, and heart disease [1]. Air pollution is also 
economically detrimental. In 2016, it cost the global economy about 225 billion 
USD in lost labor income [2]. 

Similar to many other residents living in major cities who are exposed to par-
ticulates in the air from various sources, urbanites in South Korea encounter air 
pollution such as vehicle exhaust fumes every day. However, regardless of 
whether they reside in urban or rural areas, Koreans face substantially reduced 
air quality due to the yellow dust from Mongolian deserts every spring. Along 
with this yellow dust, pollution from China is also added, thereby making Ko-
rea’s air quality definitively worse. When special alerts are given on particularly 
polluted days, half of all vehicles are banned from operating on public roads and 
all government buildings’ parking lots in Seoul are shut down to discourage 
workers from using their cars. The elderly, children, and patients with respira-
tory illnesses are advised to remain indoors for the duration of the alert [3] [4]. 
In addition to the dust and pollution, Koreans are confronted with a heavy rainy 
season every summer, a weather phenomenon known as the monsoon. The 
monsoon can inflict massive casualties, leave thousands of people homeless, de-
stroy industrial capacity, and cause severe transportation delays [5]. 

In order to address the consequences of these atmospheric phenomena, the 
scientific community in South Korea has recently begun taking a greater interest 
in the ways that atmospheric phenomena impact people’s lives. In the past, re-
search simply focused on the loss of life and damage to the agriculture, fisheries, 
and manufacturing industries caused by atmospheric phenomena, overlooking 
their effects on people’s daily lives [6] [7] [8] [9]. Most importantly, no study has 
been conducted regarding the effects on students’ lives at school, even though 
middle and high school students are more impacted by atmospheric conditions 
than any other demographic group as their physical education classes and re-
cesses are conducted differently based on the day’s atmospheric conditions. Do 
students feel bothered by adverse atmospheric conditions, such as blankets of 
yellow dust and heavy rainfall, when studying? Are their mental and physical 
health negatively affected by these severe atmospheric conditions? This study 
was designed to explore whether the yellow dust and monsoon affect students’ 
engagement in their studies through the mediating variable of their health. The 
outcomes of this study will be helpful for determining whether there are negative 
effects on students’ academic engagement at school and, if so, what sort of insti-
tutional and policy changes should be made to mitigate them. 

2. Impacts of the Atmosphere: Jangma and Hwangsa 

South Korea has four distinct seasons, each of which has a different amount of 
precipitation. Annual precipitation ranges from 1000 mm to 1800 mm, but more 
than half of it falls during the monsoon season, called jangma, during which a 
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stationary monsoon front lingers across the Korean peninsula for about a month 
in summer from late June to mid-July [10]. Monsoons occur when the moist air 
over the Pacific meets the cooler continental air mass [11]. Heavy rainfall during 
the jangma season causes floods and landslides, destroys homes, kills people, and 
generates significant economic loss. In addition, diseases like cholera run ram-
pant in flooded areas. During the monsoon season in 1987, 167 people lost their 
lives and 512 more died as a result of the Thelma typhoon that struck during the 
monsoon period [12]. In 2001, the jangma was causing rain at a rate of 100 mm 
per hour and killed 54 people in the Seoul metropolitan area and flooded 21,144 
houses, leaving more than 40,000 people homeless [13]. Although South Korea 
has developed flood control systems to prevent overall flooding, sudden local 
torrential rainfall can cause a significant amount of death and destruction. 

Although the Korean climate has relatively stable levels of precipitation dur-
ing the fall and winter, each spring yellow dust known as hwangsa blows over 
the country. The yellow dust has blown into Korea from the dry Mongolian 
desert for a long time. The hwangsa brings particles that are mostly between 1 
and 10 μm. It also carries various minerals, such as aluminum, calcium, potas-
sium, and silicon, from Chinese industrial areas. Yellow dust has been blowing 
in more frequently and has become more harmful than ever before to the point 
that, on March 21, 2017, Seoul had the worst air quality in the world, second 
only to New Delhi [14]. The hwangsa can irritate the soft tissues in the eyes, 
nose, mouth, and throat, and provoke respiratory and cardiovascular problems 
due to its high concentration of minerals and other pollutants [15]. It can also 
damage sensitive equipment, such as computers, and stop production in facto-
ries. For instance, it increases the number of defects in silicon wafers produced 
for use in semiconductor chips and causes painting in automobile factories to 
stop due to concerns about dust particles getting into the paint. On days when 
the concentration of particulates is particularly high, hundreds of flights are 
suspended and approximately 30% of construction workers face lost wages be-
cause most construction must stop. The hwangsa also blocks sunlight, hindering 
the growth of crops [16]. 

Beyond macro-level effects, atmospheric conditions have strong effects on in-
dividuals’ health and lifestyles. Students who spend most of their time partici-
pating in various indoor and outdoor activities are also vulnerable to undesirable 
atmospheric conditions. However, non-empirical research has been conducted 
on the impact of atmospheric conditions on South Korean students. This study 
attempted to fill this gap by examining the influence of the yellow dust in spring 
and the heavy monsoon rains in summer on middle- and high-school students’ 
health and academic engagement. This study would therefore provide basic data 
to determine whether institutional and policy changes should be made to im-
prove students’ engagement at school. 

3. Methods 

Atmospheric conditions are expected to influence both students’ health and 

https://doi.org/10.4236/acs.2018.83020


S. Choi 
 

 

DOI: 10.4236/acs.2018.83020 310 Atmospheric and Climate Sciences 
 

academic engagement at school. Thus, the current study examined how the yel-
low dust and monsoon affected students’ engagement as mediated by the effects 
on their health. The study was structured according to the following hypotheses: 

Hypothesis 1: The intensity of air pollution caused by yellow dust and 
amount of rain caused by the monsoon would negatively affect middle and 
high school students’ academic engagement. 
Hypothesis 2: Middle and high school students’ health would be a mediat-
ing factor between atmospheric conditions and the students’ academic en-
gagement at school. 

The independent variables in this study were the student experience of the in-
tensity of yellow dust in the spring and the amount of rainfall in the summer for 
a given year. The respondents were asked with a single-item question, “How se-
riously have you recently experienced the yellow dust during the last spring (or 
the monsoon during the last summer)?” They also had to respond by choosing 
one option from a 5-point Likert scale where 1 corresponded to “not a problem 
at all” and 5 corresponded to “a very serious problem” such that higher scores 
indicated greater severity of the relevant atmospheric condition. 

The dependent variable for this study was students’ academic engagement at 
school as measured by responses to Choo and Sohn’s Korean version of the 
Utrecht Work Engagement Scale-Student (UWES-S) [17] [18]. The UWES-S 
consisted of 17 items scored on 7-point Likert scale with higher scores where 0 
corresponded to “never” and 6 corresponded to “always” such that higher scores 
indicated greater frequency. The scale’s Cronbach’s Alpha was 0.953 in this 
study, indicating that it had high reliability and internal consistency. 

Student health, which consists of both physical and mental health, was the 
mediating factor between atmospheric conditions and academic engagement at 
school. Physical health was measured by responses to the Korean version of the 
Whiteley Index (WI) developed by Shin and Won [19], which has been widely 
used to assess concerns or beliefs about physical illness. Responses to the WI 
questions could be given on a 5-point Likert scale where 1 corresponded to “not 
at all” and 5 corresponded to “a great deal” such that higher scores indicated that 
the respondent was more anxious about their physical health. The scale’s Cron-
bach’s Alpha was 0.822. Mental health was measured by responses to Park and 
Seo’s Korean version of the Perceived Stress Scale (PSS) scale developed by Co-
hen, Kamarck, and Mermelstein [20] [21]. The PSS has been commonly used to 
measure perceived stress in various cultures. Responses to the PSS questions 
could be given on a 5-point Likert scale where 0 corresponded to “never” and 4 
corresponded to “very often” such that higher scores indicated that the respon-
dent experienced stress due to the event in question more frequently. The scale’s 
Cronbach’s Alpha was 0.933. 

This study controlled for the effects of communication between parents and 
children on academic engagement because previous studies have shown that 
communication between parents and children affects behaviors at school [22] 
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[23] [24]. Kim’s Korean version of Parent-Adolescent Communication (PAC) 
survey originally developed by Barners and Olson was used to determine the 
quality of the communication between parents and children [25] [26]. The res-
pondents were asked how accurately each statement described their relation-
ships with their parents where a 0 corresponded to “not at all” and a 4 corres-
ponded to “very well” such that higher scores indicated that the statement more 
accurately described their essence of communication. The first 10 items were re-
lated to the degree to which communication was open and the other 10 items 
were related to problems in communication. The Cronbach’s Alpha for the 
openness part of the survey was 0.936 and the Cronbach’s Alpha for the proble-
matic communication part of the survey was 0.934. SPSS Statistics v.25 was used 
to conduct the statistical analyses. 

In terms of sampling, this study’s subjects came from one middle school for 
girls and one high school for girls, both of which were located in Seoul, South 
Korea, that allowed for the conduct of surveys on their students. Based on the 
practice followed in other studies, a preliminary questionnaire was designed for 
a pilot study which was conducted in July, 2017. The main questionnaire was 
then revised based on the findings of the pilot study. A total of 500 students, 300 
of which were from the middle school and 200 of which were from the high 
school, were randomly selected by a random number generator, and the official 
survey was conducted in August, 2017. Of the 351 questionnaires that were re-
turned, which indicates a return rate of 70.2%, 345 valid questionnaires were ap-
plied for the final analysis. 

4. Results 

The subjects for the study were 13 to 16 years old (M = 14.59, SD = 1.12). More 
than two-thirds of them were reported to be middle school students (72.3%): 
19.8% were in their first year of middle school, 29.7% were in their second year 
of middle school, 22.7% were in their third year of middle school, and 27.7% 
were in their first year of high school. In terms of gender, the respondents con-
sisted of females only because the selected schools were girls’ schools. 

The survey results showed that 78.9% of the respondents reported experienc-
ing serious atmospheric conditions in the previous year. The mean score of the 
question asking students about the seriousness of yellow dust that they had ex-
perienced during the preceding spring was 4.2 out of 5 and 79.1% of the subjects 
described the yellow dust as “a slightly serious problem” or “a very serious prob-
lem”. The mean score of the question asking students about the volume of rain 
that they had experienced during the preceding summer was 4.26 out of 5 and 
78.8% of the subjects described the volume of rain as “a slightly serious prob-
lem” or “a very serious problem”. 

As for the correlations among the variables, significant positive correlations 
emerged between yellow dust intensity and amount of rainfall (r = 0.173, р < 
0.01), yellow dust and students’ concerns about their health (r = 0.110, р < 0.05), 
students’ concerns about their health and problematic communication with 
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parents (r = 0.221, р < 0.01), and open communication with parents and aca-
demic engagement at school (r = 0.204, р < 0.01). However, other correlations, 
such as those between monsoon and academic engagement (r = −0.116, р < 
0.05), students’ concerns about their health and academic engagement (r = 
−0.297, р < 0.01), students’ concerns about their health and open communica-
tion (r = −0.128, р < 0.05), open communication and problematic communica-
tion (r = −0.638, р < 0.01), and problematic communication and academic en-
gagement (r = −0.121, р < 0.05) were negatively correlated. The correlation be-
tween open communication and problematic communication were relatively 
high because they were sub-variables of the same variable. The overall results of 
the analysis are given in Table 1. 

Meanwhile, the maximum r-value found in this analysis was 0.638, the maxi-
mum Variance Inflation Factor (VIF) was less than 2.014, and the minimum to-
lerance among the variables was 0.537. Multicollinearity may be problematic 
when the correlation coefficients are greater than or equal to 0.7, the VIF values 
are greater than 10, or tolerance values are less than 0.1 [27], but based on the 
results of this study, multicollinearity was not problematic. 

In order to examine whether the data supported the hypotheses, Baron and 
Kenny’s four-step procedures were used to determine statistical significance: 1) 
between the independent variable and the dependent variable, 2) between the 
independent variable and the mediator variable, 3) between the mediator and 
the dependent variable, and 4) between the independent and the dependent va-
riable while controlling for the mediator variable. If the results of the last analy-
sis result in a statistically insignificant relationship between the original inde-
pendent and dependent variables, there is full mediation. If it only reduces the 
statistical significance of the relationship, not completely blocking, then there is 
partial mediation [28]. 

According to this procedure, the statistical significance of the relationships 
between student perceptions of both yellow dust and amount of rainfall,  
 
Table 1. Means, standard deviations, and correlations among the variables. 

Variable Mean SD 1 2 3 4 5 6 

1) Academic engagement 1.934 0.247 1 −0.078 −0.116* −0.297** 0.204** −0.121* 

2) Yellow dust intensity 4.200 0.791 −0.078 1 0.173** 0.110* −0.029 0.046 

3) Amount of rainfall 
(monsoon) 

4.260 0.932 −0.116* 0.173** 1 0.037 −0.018 0.074 

4) Students’ concerns  
about their health 

1.123 0.412 −0.297** 0.110* 0.037 1 −0.128* 0.221** 

5) Parents-students:  
Open comm. 

2.930 0.235 0.204** −0.029 −0.018 −0.128* 1 −0.638** 

6) Parents-students:  
Problematic comm. 

1.905 0.265 −0.121* 0.046 0.074 0.221** −0.638** 1 

Note: ( )2

1
D 1S

n

ii
y y n

=
−= −∑ . *Correlation is significant at the 0.05 level (2-tailed); **Correlation is 

significant at the 0.01 level (2-tailed). 
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academic engagement at school, and students’ concerns about their health were 
measured. Table 2 shows the detailed results of the four-step procedure testing 
for mediation effects. Model 1 indicated that student perceptions of both at-
mospheric phenomena were statistically significantly related to their academic 
engagement (yellow dust: B = 0.405, р < 0.05; monsoon: B = 0.503, р < 0.01) 
such that the more severe that they perceived the intensity of yellow dust or 
greater that they perceived the volume of rain, the less that they engaged with 
studying at school. Open communication in the parent-student relationship was 
positively related to students’ academic engagement. However, only student 
perception of the intensity of yellow dust positively influenced students’ con-
cerns about their health, which is indicated by Model 2 (B = 1.285, р < 0.05). 
Problematic parent-student communication was positively correlated with stu-
dents’ concerns about their health. Model 3 also showed that students’ concerns 
about their health negatively affected academic engagement (B = 0.051, р < 
0.01). Open parent-student communication was positively correlated with aca-
demic engagement. Model 4 finally showed the relationship between student 
perception of the intensity of yellow dust and academic engagement at school 
became statistically insignificant when the variable of students’ concerns about 
their health was controlled. This result indicated the full mediating effect of stu-
dents’ health concern between the independent and dependent variables. Al-
though there seemed to be a statistically significant relationship between student 
perception of volume of rain and academic engagement [monsoon (B = 0.436,  

 
Table 2. Logistic regression results of testing for mediation effect. 

Variable 

Model 1 
(atmosphere→ 

academic engagement) 

Model 2 
(atmosphere→ 

health concern) 

Model 3 
(health concerns→ 

academic engagement) 

Model 4 
(atmosphere, health  
concerns→academic  

engagement) 

B Exp (B) B β B Exp(B) B Exp (B) 

(Constant) 0.548 1.730 25.412***  2.053 7.794 1.601 4.956 

Yellow dust intensity 0.405* 0.667 1.285* 0.118   −0.313 0.732 

Amount of rainfall  
(monsoon) 

0.503** 1.654 −0.611 −0.066   0.436* 1.547 

Parents-students:  
Open comm. 

−0.376** 0.686 0.166 0.024 −0.325* 0.722 −0.352* 0.703 

Parents-students:  
Problematic comm. 

−0.029 0.972 1.686*** 0.235 0.096 1.100 0.052 1.054 

Students’ concerns  
about their health 

    0.051** 0.951 0.046* 0.955 

 

df = 4 
−2Log likelihood = 337.042 

X2 = 24.152*** 
Cox & Snell R2 = 0.070 

Overall Percentage = 77.0% 

F = 5.475 
R2 = 0.064 

Adj. R2 = 0.053 

df = 3 
−2Log likelihood = 332.188 

X2 = 18.419*** 
Cox & Snell R2 = 0.055 

Overall Percentage = 76.9% 

df = 5 
−2Log likelihood = 323.631 

X2 = 26.976*** 
Cox & Snell R2 = 0.080 

Overall Percentage = 76.2% 

Note: Academic engagement (0 = high; 1 = low). *р < 0.05, **р < 0.01, ***р < 0.001. 
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р < 0.05)], mediation effect of students’ health concerns about their health was 
irrelevant; there was no statistically significant relationship between the amount 
of rainfall and students’ concerns, which has already been examined by Model 2. 
These results indicated that the more severe students perceived yellow dust to 
be, the more concerned they became about their health, which in turn reduced 
their academic engagement at school. 

Additionally, this study examined the mediation effect of students’ concerns 
about their health by using bootstrapped confidence intervals. Controlling for 
open and problematic parent-student communication, 5000 sample mediation 
effects were applied. As shown in Table 3, lower to upper limit of the boot-
strapped confidence intervals were −0.161 to −0.008 at a 95% confidence level. 
Given that the confidence interval between the Lower Limit (LL) and the Upper 
Limit (UL) did not include 0, the mediation effect was determined to be signifi-
cant [29]. Testing for mediation effects using bootstrapping also proved that at-
mospheric conditions were likely to increase students’ concerns about their 
health and thereby reduce their academic engagement at school. 

5. Conclusions  

Too often, we are unaware of the magnitude of the atmosphere’s influence on 
our day-to-day lives and on Earth’s ecosystem as a whole. Although previous 
studies have been conducted on these cause-and-effect relationships, the effect 
that the atmosphere has on students’ lives in South Korea has been overlooked. 
Thus, this study examined how atmospheric phenomena particularly affected 
South Korean students’ academic engagement at school. Responses to question-
naires from 345 middle and high school students in Seoul, South Korea were in-
cluded in this study’s final analysis. 

In order to investigate the mediating effects of students’ concern about their 
health on atmospheric conditions and school engagement, this study conducted 
Baron and Kenny’s four-step regression analysis procedure and a bootstrap analy-
sis. The results showed that both the perceived intensity of yellow dust and the 
perceived amount of rain negatively affected the students’ academic engagement at 
school. However, the variable of students’ concerns about their health was shown 
to completely mediate the relationship between perceived levels of yellow dust and 
academic engagement. No such mediating effect was shown on the relationship 
between the perceived amount of rain and academic engagement. 
 
Table 3. Mediation effect as measured by bootstrapping. 

Mediator Coefficient S.E. 

Bootstrap 

Confidence interval (95%) 

Boot LLCI Boot ULCI 

Indirect effect −0.059 0.038 −0.161 −0.008 

Note: LLCI = Lower Level (2.5th percentile) Confidence Interval; ULCI = Upper Level (97.5th percentile) 
Confidence Interval. 
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There are a number of policy suggestions to improve students’ academic en-
gagement that can be made based on the findings of this study. First, the amount 
of yellow dust during the spring should be reduced by preventing desertification 
in southern Mongolia and northern China. Although China has begun to com-
bat desertification by planting forests, Mongolia has struggled to do so because 
of a lack of funds [30]. A great deal of this yellow dust ultimately descends upon 
the Korean peninsula, so the Korean government should cooperate with other 
countries to assist in preventing desertification, perhaps in the form of providing 
economic aid to Mongolia. In order to reduce the damage caused by heavy rain-
fall during the monsoon, the government should forecast the amount of precipi-
tation as accurately as possible, repair embankments and walls to prevent 
landslides, and improve sewer systems to more effectively deal with floods. 

Second, school authorities should recognize the seriousness of the impact that 
yellow dust and heavy rainfall have on students’ academic engagement at school. 
Yellow dust can impact students’ concerns regarding their health and academic 
engagement at the same time. Thus, schools should provide air purifiers to re-
duce students’ concerns about their health and practical education, training, and 
manuals for teachers on how to respond to yellow dust. 

This study was the first on the effect of atmospheric phenomena on students’ 
academic engagement at school, but it had some limitations. The subjects sur-
veyed in this study were only from Seoul, so national or international popula-
tions must be studied to generalize the results of this study. This study also did 
not control for various variables, such as school facilities, that might affect stu-
dents’ academic engagement. Thus, future studies must overcome these limita-
tions to better understand how atmospheric phenomena affect students’ lives at 
school. 
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