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Background: The coronavirus disease 2019 (COVID-19) pandemic has prompted a global- 
scale public health response. Social distancing, along with intensive testing and contact 
tracing, has been considered an effective vehicle to reduce new infections. In this study, 
we aimed to estimate the effect of South Korean public health measures on behavioral 
changes with respect to social distancing without a nationwide lockdown. The results of 
this study may provide insights to countries who are planning to relax their aggressive 
restrictions though still having an unflattened curve of infections.
Methods: To estimate how the closure of educational and social welfare facilities and the 
disclosure of confirmed patients’ contact history affected social distancing behaviors, we 
analyzed public transportation data in Seoul, Korea. For the modeling analysis, we used 
linear mixed-effects estimation.
Results: Our estimation showed that the average daily number of bus passengers decreased 
by 21.8% in February 2020 as compared to the previous year with an additional decrease 
observed in the areas around educational and social welfare facilities. The highest drop in the 
daily number of passengers was observed in areas with religious facilities. We also found that 
individuals avoided areas that were proximate to or within the locations that constituted the 
confirmed patients’ contact history.
Conclusion: Our results demonstrate that public health measures can lead people to practice 
social distancing. Among them, the measures that strongly encourage voluntary social 
distancing behaviors would play a critical role in suppressing the infections as it becomes 
increasingly difficult to continue imposing aggressive restrictions due to practical and 
economic reasons.
Keywords: COVID-19, social distancing, information disclosure, contact history, public 
transportation

Introduction
Since the first outbreak of the coronavirus disease 2019 (COVID-19) in 
December 2019, this contagious respiratory disease became a global pandemic due 
to its wide and rapid spread across almost every country.1 In the absence of treatments 
and vaccines for COVID-19, the pandemic led to the unprecedented health and 
economic crisis.2,3 Accordingly, governments all over the world are earnestly impos-
ing strict case isolation, contact tracing, and/or social distancing measures to reduce 
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the transmission of this pandemic. While the number of 
infections continues to rise rapidly, some countries such as 
Australia, Georgia, and Taiwan have the flattened curve of 
new infections, drawing great attention of global public 
health experts. Among such countries, South Korea was 
distinctively one of the hard-hit countries outside China 
and had a peak of 909 new infections in a single day. Two 
months after the peak, South Korea has managed the daily 
infections to single digits. Moreover, the mortality rate in 
South Korea is one of the lowest in the world, at 2.23%. 
More interestingly, such progress in the containment of the 
pandemic was made without a nationwide lockdown. South 
Korea is considerably a good example to many countries 
that are facing the unprecedented challenge of lifting lock-
downs for the sake of their respective economy despite not 
having full control over the pandemic. Therefore, it is of 
great importance to explore public health measures imple-
mented in South Korea for the control of the pandemic.

Immediate and widespread testing with drive-through 
stations and aggressive technology-based contact tracing 
played a pivotal role in controlling the pandemic effec-
tively in South Korea.4 Aside from these measures, social 
distancing was recognized as another key factor in driving 
the reduction in transmission of new infections.4 Avoiding 
wide-scale restrictions on business, social, and religious 
activities, the South Korean government focused on social 
distancing measures that could prevent mass gatherings5,6 

(see Table 1). However, rigorous research regarding these 
government efforts on social distancing is scarce. Hence, 
this study aims to investigate the effectiveness of two 
social distancing measures: 1) closure of educational and 

social welfare facilities and 2) disclosure of confirmed 
patients’ contact history.

Methods
Data
To measure and/or construct the parameters of the model, 
we collected data from the Seoul Open Data Service,7 the 
Korea National Spatial Data Infrastructure Portal8 and the 
COVID-19 Korea Dataset.9 These publicly available raw 
data are inconsistent in data types and shapes, which 
makes them difficult to use for data modeling.10 

Therefore, we conducted data cleaning and preprocessing 
to convert the raw data into an analyzable form for rigor-
ous research. The final sample consists of 3442 bus stops. 
Our study focused on a 10-day period from February 17 to 
February 26, 2020, during which the government raised 
the alert level of COVID-19 to the highest and instituted 
several public health measures due to local mass infec-
tions. The datasets used for this analysis are available in 
the data repository.11

Model
We employed a linear mixed-effects analysis to explore 
the effectiveness of the closure of educational and social 
welfare facilities and the disclosure of patients’ contact 
history. The model is formulated as follows:

lnPi;j;2020 ¼ �0 þ offsetðlnPi;j;2019Þ þ �1Di;j;2020 þ �2Ri;j;2020
þ 1jLj
� �

þ εi;j 

where i denotes bus stop and j denotes location character-
istics; offset denotes an offset; P2019 and P2020 are the bus 
passenger flow in 2019 and 2020, respectively; D is the 
proximity of bus stops to confirmed patients’ contacting 
locations; R is the number of contacting locations near bus 
stops; L is the random effects of the location characteris-
tics of bus stops and is independent and identically dis-
tributed (IID; 0, σγ

2); εij is IID (0, σε
2); and Lj and εi,j are 

independent of each other. A more detailed description of 
the main parameters is shown in Table 2.

Bus Passenger Flow (P)
The bus passenger flow (P) shows the daily number of 
passengers who get on and off at each stop in Seoul. For 
this parameter, this study used the bus transportation data 
that include the geographical coordinates of bus stops and 
daily passenger flow information. There are 13,258 bus 
stops in Seoul, which means that bus stops are densely 
distributed so that each bus stop covers only 240m2 on 

Table 1 Social Distancing Measures In Seoul

Type Measure

Restriction on 

behaviors

To ban rallies at Seoul Plaza, Cheonggye Plaza, 

and Gwangwamun Square

Closure of facilities To temporarily close more than 3400 social 

welfare centers including public centers for 

senior citizens
To temporarily close more than 5700 pre- 

schools including day care centers†

To temporarily close more than 58 cultural 
facilities including public libraries and museums

Disclosure of 
information

To send text messages of confirmed patients’ 
contacting locations

Note: †All elementary, middle, and high schools and universities were having breaks 
in the study period.
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average. In addition, given that the modal share of bus 
transportation accounts for more than 30% in Seoul,12 bus 
passenger flow is appropriate for capturing the changes in 
the floating population and is therefore employed as 
a proxy for the extent of social distancing.

Proximity to Contacting Locations (D) 
and Contacting Location Counts (R)
The contacting route-related parameters D and R were 
examined to check whether the disclosure of detailed 
information on the contact history of confirmed patients 
was effective in preventing social gathering in potential 
infectious areas. The original purpose of this information 
disclosure is to facilitate contact tracing by allowing citi-
zens to check whether they are exposed to the risk of being 
infected. The additional benefit of information disclosure 
is to help citizens avoid areas that were considered risky. 
Our analysis of the social distancing effect of this measure 
was conducted in two ways. First, we investigated how 
bus passenger flow (P) changed at bus stops according to 
their proximity to the locations where confirmed patients 
had contact history (D). Second, we looked at how bus 
passengers (P) responded to the route information on the 
number of contacting locations near bus stops (R).

Random Effects: Location Characteristics 
of Bus Stops (L)
Location characteristics (L) around bus stops serve as the 
random effects of our model. We investigated them to see 

how bus passenger flow changed according to location 
characteristics after social distancing interventions such 
as the closure of educational and social welfare facilities 
were implemented. The location characteristics were deter-
mined using the information of approximately 500,000 
buildings, including their intended use, site areas, total 
square footage of floor areas, and geographical coordi-
nates. First, we spotted the buildings that passengers 
could visit from each bus stop. The total distance from 
the previous stop of the focal stop to the next stop of the 
focal stop was set as the range for the focal stop. All 
buildings within this range were matched with the focal 
stop. The range of each bus stop may overlap with those of 
neighboring stops under the assumption that passengers 
could use different bus stops to go to specific places for 
their convenience. As a result, buildings could be matched 
with more than one bus stop. Also, the buildings outside 
the range were assigned to the nearest bus stop. Figure 1 
shows the building matching process.

After completing the matching process, we identified 
the location characteristics of each bus stop using the 
intended use of buildings near the stops. For simplicity, 
the types of intended use were summarized in four cate-
gories: residential and commercial areas, factory and logis-
tics warehouses, religious facilities, and educational and 
social welfare facilities. In terms of the square footage of 
buildings’ floor areas, the proportion of individual cate-
gories was computed for each bus stop. When a specific 
category exceeded 70% of the total square footage of floor 
areas within the range of a bus stop, the bus stop was 
classified as the category. Otherwise, bus stops were 
excluded from the sample.

Results
Figure 2 reports plots of fitted values and residuals. The 
log-scaled 2020 bus passengers, P2020, were well 
explained by the proposed model having log-scaled 2019 
bus passengers, P2019, as offset. In addition, residual plots 
show that the required assumptions for the model are well 
preserved except for some outliers. The additional analysis 
of the plots indicates that these outliers are closely asso-
ciated with a certain location characteristic of bus stops.

The estimated fixed- and random-effects are presented in 
Tables 3 and 4, respectively. According to the results of the 
fixed-effects intercept (ß0), the average daily number of bus 
passengers in 2020 decreased by 21.7% compared to the 
previous year, and the decrease was statistically significant. 
This result indicates that social distancing was substantially 

Table 2 Description of Parameters

Parameters Type Description

P Continuous Daily number of bus passengers (get 
on/get off) at each bus stop

D Continuous Distance between confirmed patients’ 
visiting locations and the closest bus 

stop(s)

R Ordered 

categorical

Number of locations that confirmed 

patients visited within 0.5 km of bus 
stops

L Categorical Location characteristics of bus stops 
classified as follows: 1) residential and 

commercial area, 2) factory and 

logistics warehouses, 3) religious 
facilities, or 4) educational and social 

welfare facilities
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practiced by citizens and that government’s public health 
measures could potentially contribute to such behavioral 
changes. The coefficient of proximity to contacting locations 

(D) was statistically significant, meaning that citizens avoided 
locations proximate to the routes where confirmed patients 
had contact history. This implies that the disclosure of the 

Figure 1 Process of matching buildings with bus stops.

Figure 2 Plots of fitted values and residuals.
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patients’ contact history was effective in preventing citizens 
from gathering in risky areas. However, considering the 
p-value associated with the estimate of R that was marginally 
less than the 0.05 level, the number of patients’ contacting 
locations might not be a critical factor for the decline in the 
number of bus passengers. Additionally, the inconsistent 
results on this parameter were found with different observa-
tion periods. Drawing from these results, we note that pas-
sengers took precautions considering how risky bus stops 
might possibly be based on their proximity to the locations 
where confirmed patients had contact history rather than on 
how many such contacting locations were near bus stops.

Our linear mixed-effects model is essentially a random 
intercepts model, where all responses in a location char-
acteristic category are additionally shifted by the fixed 
intercept specific to the location category. The variance 
of the random intercept term (L) in Table 4 indicates how 
the intercept varied depending on location characteristics. 
The total effect of individual location characteristics com-
bining both fixed and random effects is presented in Table 
5. The intercepts for religious facilities and educational 
and social welfare facilities were shifted downward by 
10.7% and 2.8%, respectively. These results mean that 

bus stops where these facilities were concentrated had 
greater decreases in passenger flow than the average 
decline rate of passenger flow (−21.7%). The decreased 
number of passengers in religious facilities is understood 
as the active voluntary involvement of religious institu-
tions in government social distancing campaigns that 
appeal to reducing gatherings. The South Korean govern-
ment particularly emphasized the importance of the parti-
cipation of religious institutions in social distancing due to 
the mass infections related to a religious cult that 
accounted for more than 40% of total cases (5212 cases). 
The other result on educational and social welfare facilities 
implies that the closure of such facilities effectively halted 
personal interactions. On the other hand, the intercept for 
factories and logistics warehouses was shifted upward by 
0.138, which was 14.8% greater than the average decline 
rate. The increased number of passengers indicates that the 
need for delivery services grew in the period. This may 
imply that many citizens voluntarily stayed at home in line 
with their government’s social distancing measures. This 
created a demand for delivery services. However, there 
was no substantial change in residential and commercial 
areas (0.3%).

Discussion
COVID-19 is an infectious disease transmitted through 
direct contact.13,14 Public health measures for reducing 
the number of physical interactions among people, are 
essential in controlling the further spread of the disease. 
Social distancing measures along with personal protective 
equipment should be emphasized once countries start or 
decide to lift restrictions for the sake of their respective 
economy even though they are struggling to flatten the 
pandemic curve.15 This is because such measures can at 
least delay the rapid spread and allow the healthcare sys-
tem to save time and resources intended for expanding 
capacity in testing and medical treatment. In this challen-
ging period, South Korea provides evidence that the pan-
demic can be contained with less aggressive restrictions.16 

Our analysis empirically shows that many South Korean 
nationals were engaging in social distancing, and that their 
engagement could potentially be prompted by social dis-
tancing measures set by their respective government.

Figure 3 illustrates the trends in the average daily 
number of passengers per month from October 2018 to 
March 2019 and from October 2019 to March 2020. The 
daily number of passengers per month was similar in the 
first three months from October to December; the average 

Table 3 Estimated Fixed Effect

Parameter Estimate (exp) S.E. p-value

Intercept (ß0) −0.245 (0.783) 0.055 0.000

D 0.010 (1.010) 0.004 0.006

R 0.006 (1.006) 0.003 0.046

Note: exp denotes the estimated value of exp (Estimate).

Table 4 Estimated Random Effects

Groups Variance S.E

Random intercept (L) 0.011 0.107

Residual 0.036 0.190

Table 5 Estimated Effects of Location Characteristics

Location Characteristics Intercept (exp)

Residential and commercial area 0.003 (1.003)

Factories and logistics warehouses 0.138 (1.148)

Religious facilities −0.113 (0.893)

Educational and social welfare facilities −0.028 (0.972)

Note: exp denotes the estimated value of exp (estimate).
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change in those months between 2018 and 2019 was only 
0.15%. However, the number of passengers started to 
decrease from January 2020 when the South Korean 

government raised the alert level to the second highest 
level as the first confirmed case of COVID-19 was 
reported on January 20, 2020. The number of passengers 

Figure 3 Average daily Seoul bus passengers in October 2018 –March 2019 and October 2019–March 2020 .

Figure 4 Growth rates of the average daily Seoul bus passengers in the study period.
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in 2020 was 5.89% lower than that in 2019. The gap 
between the two passenger datasets continued to widen 
as the number of passengers in 2020 continued to plunge 
in the following months when the government strongly 
imposed social distancing measures and raised the alert 
level to the highest: −9.46% in February and −29.24% in 
March. Figure 4 depicts the growth rates of average daily 
number of bus passengers over the study period in com-
parison to the previous year. Note that bus passenger flow 
declined across all regions of Seoul. The average reduction 
rate was 21.7%.

Our analysis revealed that the closure of educational 
and social welfare facilities and the disclosure of con-
firmed patients’ contacting locations led to significant 
decreases in bus passenger flow. The former result on 
facility closure indicates that government interventions 
were effective in compelling social distancing. On the 
other hand, the latter result on information disclosure 
implies that the measure effectively encouraged voluntary 
civic engagement in social distancing. Given that the 
South Korean government strongly campaigned for social 
distancing in mass gathering facilities, the result of the 
decreased passenger flow in religious facilities demon-
strates that such voluntary behavioral changes were 
induced by government relentless efforts. With the flat-
tened infection curve, these results highlight that social 
distancing measures have effectively reduced the spread 
of the pandemic by preventing physical contacts. Thus, it 
is recommended that governments should keep encoura-
ging social distancing practices among citizens for the 
control of the pandemic through public health measures 
and public participation campaigns.

Furthermore, our result regarding the increased flow in 
factory and warehouse areas may be attributable to the 
voluntary participation of citizens to stay at home that 
required reliance on delivery services. This finding shows 
that pandemic-induced changes in consumption patterns 
lead economic activity to be concentrated in particular 
areas, thus making the areas vulnerable to the pandemic. 
Recognizing this potential pandemic risk from active 
social distancing practices, policy makers are advised to 
impose stringent public health measures on business facil-
ities (eg, warehouse, face mask factories) that benefit from 
the pandemic in order to minimize inevitable mass gather-
ing resulting from vibrant business activity.

These social distancing measures in South Korea might 
not be applicable to other countries. In particular, the 
disclosure of confirmed patients’ contact history is very 

controversial and could generate personal privacy issues. 
To institute this measure, it is critical to fairly evaluate the 
social benefits of disclosing personal information while 
protecting personal privacy and to construct a strict 
approval process for the use of personal information. 
Most of all, a concrete consensus on this issue should be 
established within a country before adopting such 
measure.

Our study is not free from limitations. First, we indir-
ectly measured the disclosure of patients’ contact history 
with two proxies: the minimum distance between bus 
stops and patients’ contacting locations, and the number 
of contacting locations near bus stops. These parameters 
may fail to capture the effect of distancing measures when 
there is a substantial delay in information disclosure that 
could create discrepancies between information disclo-
sure dates and actual contact. Moreover, the location 
characteristics of bus stops are exposed to measurement 
error as it is specified with the main intended use of 
nearby buildings. It is particularly difficult to specify the 
primary location characteristics of bus stops in downtown 
areas where buildings with various intended uses are 
mixed. To obtain more accurate results, it is necessary 
to remove this confounding factor. Finally, it would be 
worthwhile to investigate the effect of moderating vari-
ables (eg, main passenger groups’ ages, population den-
sity) on the relationship between the pandemic and social 
distancing.17

In conclusion, public health measures have a strong 
potential in reducing physical interactions, the number of 
new infections, and the mortality rate. While some social 
distancing interventions, including facility closures, can 
prevent mass gathering by restricting individual behaviors, 
other measures such as the disclosure of contacting loca-
tions and public campaigns can effectively prompt indivi-
duals to reduce physical interactions with other people. 
Our findings suggest that public health actions that lead 
to voluntary social distancing can be a viable option to 
delay the spread of the virus under the new normalcy that 
people should return to normal life amid the COVID-19 
crisis and in the absence of medical treatments and 
vaccines.
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