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Objectives: This study aimed to develop a valid social contact survey instrument and to verify its feasibility for use among Korean 

adults.

Methods: The Delphi technique was used to develop an instrument to assess social contacts, which was then applied in a cross-sec-

tional pilot study. A panel of 15 medical professionals reviewed the feasibility and validity of each item. The minimum content validity 

ratio was 0.49. Thirty participants used the developed measure to record contacts during a 24-hour period.

Results: After a systematic review, the survey instrument (parts I and II) was developed. Part I assessed social contact patterns over a 

24-hour period, and part II assessed perceptions of contacts in daily life and preventive behaviors (hand hygiene and coughing eti-

quette). High validity and feasibility were found. In the pilot study, the 30 participants had a combined total of 198 contacts (mean, 

6.6 daily contacts per person). The participants’ age (p=0.012), occupation (p<0.001), household size (p<0.001), education (p<0.001), 

personal income (p=0.003), and household income (p<0.001) were significantly associated with the number of contacts. Contacts at 

home, of long duration, and of daily frequency were relatively likely to be physical. Assortative mixing was observed between individ-

uals in their 20s and 50s. Contact type differed by location, duration, and frequency (p<0.001).

Conclusions: The developed social contact survey instrument demonstrated high validity and feasibility, suggesting that it is viable 

for implementation.
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INTRODUCTION

Contact between people plays an instrumental role in the 
direct spread of infectious diseases. Human contact patterns 
are fundamental to our understanding of the dynamics of in-
fectious disease spread [1]. Put simply, an infectious disease 
that spreads from person to person cannot persist unless an 
infected person meets a susceptible one [1,2]. In terms of 
pathogens, this means that an infection that is readily spread 
through daily social contact does not have to last long, since 
an infectious person is almost certain to meet a susceptible in-
dividual within 1 day or 2 days [1]. It is not possible for each 
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member of the population to have the same chance of meeting 
everyone else; instead, individuals are likely to have varying 
patterns of contact with one another. To gain a better under-
standing of the epidemiology of infectious diseases, we need 
to study these contact patterns, as they are important deter-
minants of the spread of infectious disease. Moreover, the abil-
ity to predict infectious disease spread and the impact of in-
terventions such as vaccinations depends on whether close 
contacts among individuals can be quantified. Understanding 
the nature of human contact patterns is crucial for predicting 
the impact of future pandemics and for devising effective con-
trol measures [2-4]. Presently, reporting systems in many coun-
tries measure the numbers and characteristics of contact pat-
terns in the population with the goal of controlling the spread 
of infection [4-8]. Moreover, mathematical modeling of infec-
tious diseases transmitted by respiratory or close-contact routes 
(e.g., pandemic influenza) is being increasingly used to predict 
epidemics and to determine the impact of possible interven-
tions [5].

In 2015, an outbreak of Middle East Respiratory Syndrome 
(MERS) occurred in Korea. From the first case on May 20, 2015 
to the official declaration of the cessation of MERS on Decem-
ber 23, 2015, a total of 186 cases were recorded; 38 deaths oc-
curred (a mortality rate of 20.4%), and a total of 16 693 exposed 
individuals were isolated [9]. This MERS outbreak, which was 
predominantly spread by person-to-person contact, was high-
ly costly to Korea. 

It is always possible that emerging infectious diseases such 
as MERS will reemerge in Korea due to its high population den-
sity, global business expansion, and the increased frequency 
of air travel. Therefore, social contact patterns should be as-
sessed when developing ways to effectively predict the trans-
mission patterns and spread of infections. Additionally, we must 
assess the population’s perceptions of contacts and infection 
transmission, as well as hand hygiene and coughing etiquette 
practices, when developing public education programs focused 
on prevention. For instance, hand hygiene and coughing eti-
quette are basic techniques that reduce the transmission of 
pathogens [10,11].

Few prior studies have investigated social contacts as it per-
tains to the dynamics of infectious disease spread, and no in-
strument that reflects Korean culture, daily life, and society has 
yet been developed.

The aims of this study were as follows. First, using the Delphi 
technique, we developed a social contact survey instrument 

that included assessments of perceptions of contacts in daily 
life, as well as hand hygiene practices and coughing etiquette. 
Second, we applied the newly developed instrument in a pilot 
study to assess its feasibility for assessing social contacts, per-
ception, and adherence.

METHODS

This utilized a 2-stage methodology: the development of a 
valid social contact survey instrument and the verification of 
its feasibility for use through a survey of Korean adults. There-
fore, this paper sequentially discusses the development of the 
instrument and the pilot study.

Development of a Social Contact Survey  
Instrument Using the Delphi Technique
Derivation of the questionnaire items

A systematic review of the literature was conducted to ex-
tract relevant questionnaire items. The keywords were con-
structed as follows: (1) population (general population, 
healthcare workers, patients, visitors, providers, and students); 
(2) exposure (social, hand, face, mouth, environment, direct, 
indirect, and behavioral; through contact or touch); (3) com-
parison (hand hygiene and handwashing); and (4) outcome 
(infection, prevalence, transmission rate, and type, frequency, 
and mode of transmission). Studies were identified from the 
archives of PubMed, the Cochrane Library, Scopus, and Korea- 
Med. Only papers published in English or Korean between 2000 
and 2017 were reviewed. The inclusion criteria were that the 
studies should be original and peer-reviewed, contain qualita-
tive, quantitative, or mixed-research, and be related to the 
topic of contact. The instrument was developed by referring to 
the 12 studies that were finally chosen.

The selected studies were reviewed, and variables affecting 
contact in people’s daily lives were identified. The social con-
tact survey instrument similarly comprised 2 parts: part I con-
tained a contact diary for assessing social contacts within a 24-
hour period (5 a.m. to 5 a.m. the next day), as contact diaries 
have been frequently used to record social contacts [1-8], while 
part II contained a questionnaire that assessed perceptions of 
contacts in daily life and practices of hand hygiene and cough-
ing etiquette. Part I included 5 sections to be filled out by the 
participant: (I-1) number of family members; (I-2) place of resi-
dence; (I-3) information about family members; (I-4) informa-
tion about the people with whom the participant had been in 
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contact in the last 24 hours as well as the type, duration, loca-
tion, and frequency of contacts; and (I-5) a request that the 
participant check the previous 4 entries for accuracy [5,6]. Part 
I-4 consisted of items that collected data about physical (e.g., 
skin-to-skin) contact, which is associated with the probable 
spread of infectious diseases, and non-physical contact, de-
fined as face-to-face conversations consisting of 2 or 3 phrases 
with the interlocutors within 2-3 m of one another.

Part II consisted of the following components: perceptions 
of the possibility of transmission of infectious diseases due to 
contact with others (II-1) and contact with the environment 
(II-2), rated on a 10-point scale (1, definitely no; 10, definitely 
yes); (II-3) perceptions of the preventive effects of personal hy-
giene (hand hygiene, coughing etiquette, and vaccination) us-
ing 4 subcategories on a 7-point scale (1, no effect; 7, very ef-
fective) [12,13]; (II-4) perceptions of the necessity of hand hy-
giene, with 10 subcategories measured using responses of ei-
ther yes (1) or no (0); (II-5) adherence to hand hygiene and 
coughing etiquette, with 11 subcategories rated on a 7-point 
scale [12,13]; (II-7) perceptions of susceptibility to infectious 
disease measured on a 10-point scale (1, no/very unhealthy; 
10, very much/very healthy) [14], and (II-8) perceptions of sub-
jective health status measured on a 10-point scale (1, no/very 
unhealthy; and 10, very much/very healthy) [14]. Altogether, 
part II comprised 29 questions.

Delphi method
Two rounds of the Delphi technique were conducted to en-

sure the content validity and feasibility of this survey instru-
ment. We decided to use panels of 15, as in Lawshe [15] and 
Lee [16] reports. Fifteen infection control experts who agreed 
to participate were recruited as panel members. The Delphi 
technique was carried out from December 1, 2017 to Decem-
ber 30, 2017. The average, median, and mode obtained from 
the first round were presented and sent via e-mail along with 
the results from the second round to ensure opportunities for 
correction. 

Measures and analysis
The content validity of the questionnaire was analyzed via 

the content validity ratio (CVR), and the minimum CVR value 
across the 15 experts in this study was set as 0.49, as proposed 
by Lawshe [15]. The Delphi technique panel responded on a 
5-point Likert scale (1, strongly disagree; 2, disagree; 3, neutral; 
4, agree; and 5, strongly agree). Items were classified as nega-

tive (corresponding to a rating of 1-2), neutral (corresponding 
to a rating of 3), or positive (corresponding to a rating of 4-5). 
If an item was given a score of 4 or 5, the item was considered 
acceptable. The mean, standard deviation (SD), CVR, and feasi-
bility score in each round were calculated using MS Excel (Mi-
crosoft, Redmond, WA, USA) and SPSS version 24 (IBM Corp., 
Armonk, NY, USA).

Pilot Study
Research design

This study used a cross-sectional design and applied a sur-
vey instrument that was developed via the Delphi technique.

Participants and data collection
The participants were 30 adults over 20 years of age who 

were recruited locally using snowball sampling, mainly from  
2 universities and a church. The participants indicated that they 
fully understood the purposes of the study, and recruitment 
was both voluntary and anonymous. Prior to participation, writ-
ten informed consent was obtained from each participant. Par-
ticipants were also informed that they could withdraw their 
consent at any time during the study. Participants were edu-
cated and trained on the use of a contact diary, and they were 
carefully instructed to prospectively collect information about 
their contacts during a 24-hour period (5 a.m. to 5 a.m. the next 
day) on a randomly selected day according to their convenience. 
Physical contact was defined as skin-to-skin contact, such as a 
handshake or a hug, and non-physical contact constituted con-
versations of more than 2 words or 3 words within 1-2 m of 
another individual. To facilitate the reproducibility and the ac-
curacy of the data, the question “Is there anything missing in 
the contact record recorded above?” was included as the last 
question of the contact diary. It took each participant approxi-
mately 20 minutes to complete the questionnaire. The data were 
collected between January 14, 2018 and February 12, 2018.

Data analysis
Data analysis was conducted using SPSS version 24 (IBM Corp.). 

In detail, (1) descriptive statistics were utilized; (2) a scatter di-
agram was used to visualize the relationship between partici-
pant age and contact age; (3) contact patterns by participant 
age were analyzed in terms of the frequency, percentage, chi-
square test, and Fisher exact test; (4) contact patterns were 
analyzed according to the general characteristics of partici-
pants using the t-test, Welch test, and Games-Howell test, and 
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contact patterns were analyzed according to contact type, con-
tact location, contact duration, and contact frequency using 
the chi-square test, Fisher exact test, and bar charts; and (5) 
perceptions of contacts in daily life and practices of hand hy-
giene and coughing etiquette were analyzed using the mean, 
SD, and analysis of variance. The score for each question was 
considered to be acceptable if the mean was 5 or higher on a 
7-point Likert scale, 6 or higher on a 0-point to 9-point Likert 
scale, or 7 or higher on a 1-point to 10-point Likert scale in or-
der to only count responses higher than neutral as acceptable. 
For item II-7, the perception of susceptibility to infectious dis-
ease was considered to be acceptable if the mean score was 4 
or lower [17,18]. The Cronbach alpha was calculated as a mea-
sure of reliability.

Ethics Statement
The Delphi survey was exempted from review by the Institu-

tional Review Board (IRB) of Konkuk University Medical Center 
(KUH1280109), and the pilot study was approved by the IRB of 
Sunchon National University (1040173-201712-HR-033-02).

RESULTS

Development of a Social Contact Survey  
Instrument Using the Delphi Technique

Fifteen expert panel members participated in the application 
of the Delphi technique. Their mean age was 42.1 years (SD, 4.4; 
3 men and 12 women). All experts were actively employed at 
infection control departments, and the average length of their 
careers as infection control practitioners was 17.3 years (SD, 4.7).

Table 1. Results of the Delphi survey for the social contact survey instrument (n=15) 

Question item
First round Second round

Mean±SD CVR Mean±SD CVR

I. Contact diary instrument
   I-1. How many family members (or cohabitees) live with you? Validity 4.7±0.5 1.00 4.9±0.3 1.00

Feasibility 4.9±0.3 1.00 5.0±0.0 1.00
   I-2.  Where do you live? Validity 4.7±0.5 1.00 4.9±0.3 1.00

Feasibility 4.8±0.4 1.00 4.9±0.4 1.00
   I-3.  Please fill in information about your family members (or your cohabitees) Validity 4.5±1.1 0.87 4.8±0.6 0.87

Feasibility 4.5±0.6 0.87 4.7±0.5 1.00
   I-4.  Please record the details of each contact that occurred between 5 a.m.  

 and 5 a.m. the next day
Validity 4.4±1.1 0.73 4.9±0.4 1.00
Feasibility 3.6±1.1 0.47 3.9±0.7 0.47

   I-5.  Are all of your contacts recorded in the above contact diary? Validity 4.1±1.1 0.60 4.2±0.6 0.87
Feasibility 3.9±1.1 0.60 4.1±0.6 0.73

II. Perceptions and adherence
   II-1.  Do you think infectious disease transmission can occur through contact  

 with other people in your daily life?
Validity 4.6±0.8 0.87 4.7±0.8 0.87

   II-2.  Do you think that infectious disease transmission can occur through  
 contact with the environment in everyday life?

Feasibility 4.8±0.4 1.00 4.9±0.4 1.00
Validity 4.6±0.8 0.87 4.7±0.8 0.87

   II-3.  How effectively do you think personal hygiene practices (hand hygiene,  
 coughing etiquette, and vaccination) help in preventing the transmission  
 of infectious diseases?

Feasibility 4.8±0.4 1.00 4.8±0.4 1.00
Validity 5.0±0.0 1.00 5.0±0.0 1.00
Feasibility 4.8±0.4 1.00 4.9±0.3 1.00

   II-4.  Please indicate whether the following situations require hand hygiene  
 to prevent the spread of infections by contact.

Validity 4.9±0.3 1.00 4.9±0.3 1.00
Feasibility 4.9±0.4 1.00 4.9±0.4 1.00

   II-5.  How often do you usually adhere to hand hygiene and coughing  
 etiquette in the following situations?

Validity 4.9±0.3 1.00 5.0±0.0 1.00
Feasibility 4.7±0.6 0.87 4.9±0.4 1.00

   II-6.  Please place a check-mark (y) in the box below if you have had  
 experience with personal hygiene tips (regarding hand hygiene,  
 coughing etiquette, or vaccination) through media and promotional 
 materials in the past year.

Validity 4.5±0.5 1.00 4.9±0.3 1.00
Feasibility 4.7±0.5 1.00 4.7±0.5 1.00

   II-7.  Do you think you are vulnerable to infectious diseases? Validity 4.4±0.5 1.00 4.3±0.5 1.00
Feasibility 4.5±0.5 1.00 4.6±0.5 1.00

   II-8.  How do you feel about your health over the last year? Validity 4.4±0.5 1.00 4.3±0.5 1.00
Feasibility 4.5±0.8 0.87 4.5±0.8 0.87

SD, standard deviation; CVR, content validity ratio.
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Results of the first round
The CVR scores for all items but 1 were above the minimum 

value (0.49) during the first round (Table 1). The item with a 
low CVR (0.47) for feasibility was I-4: “Please record the details 
of each contact you have had from 5 a.m. to 5 a.m. the next 
day” (Table 1). Based on opinions derived during the first 
round, the following refinements were made. For the contact 
types covered in I-4, there was a request for additional exam-
ples of non-physical contact; thus, we included several exam-
ples of both non-physical and physical contact. Further re-
quests for other item revisions (I-4, I-5, II-11, and II-12) were 
also addressed.

Results of the second round
A content validity assessment after the second round dem-

onstrated that the CVR scores for all items were 0.49 or greater. 
The CVR for the feasibility of I-4 (0.47) was the same as in the 
first round, but the CVR for validity and the mean of the Likert 
scale increased to 1.00 and 4.90, respectively (Table 1). The 
other questionnaire items showed that the CVR for both valid-
ity and feasibility, as well as the mean of the Likert scale, in-
creased compared to the first round, including the revised 
items (I-4, I-5, II-11, and II-12).

Pilot Study
General characteristics of the participants

Participants in their 20s accounted for 43.3% of all partici-
pants (mean age, 41.0 years); 63.3% of participants were fe-
male, 44.8% were high school graduates, 36.7% were universi-
ty students, and 48.3% had personal monthly incomes under 
2 million Korean won (KRW).

Contact differences by participants’ characteristics 
Over a 24-hour period, the 30 participants recorded a total 

of 198 contacts, with a mean of 6.6 contacts per participant 
per day (range, 0-18).

The participants’ age (p=0.012), occupation (p<0.001), 
household size (p<0.001), education (p<0.001), personal in-
come (p=0.003), and household income (p<0.001) were sig-
nificantly associated with the number of contacts according to 
the Welch test. The numbers of contacts were highest among 
those over 60 years of age (11.1±7.5), in households with  
3 members (11.2±5.4), with college-level educations (11.9±

4.2), with a personal income between 2 million KRW and 4 
million KRW (9.4±4.9), and with a household income of more 

Table 2. Differences in contacts according to participants’ 
characteristics 

Characteris-
tics

Participants 
(n=30)

Contacts 
(n=198) Games-

Howell t/F p-
value

n (%) Mean±SD

Sex1

   Male 11 (36.7) 9.1±4.6 - 3.032 0.083

   Female 19 (63.3) 10.2±5.1

Age (y)

   20-29a 13 (43.3) 10.3±4.7 c>b 4.561 0.012

   30-59b 10 (33.3) 8.4±2.9

   ≥60c 7 (23.3) 11.1±7.5

Occupation2

   Nonea 5 (16.7) 2.2±0.6 b,c,d>a 28.257 <0.001

   Studentb 11 (36.7) 7.1±2.4 c>b,e,f

   Officerc 5 (16.7) 13.5±3.6 f>b,e

   Sales/serviced 1 (3.3) 10.0±0.0

   Health care 
providere

1 (3.3) 3.0±0.0

   Otherf 7 (23.3) 10.9±5.6

Household size2

   1a 4 (13.3) 5.9±2.5 c,d>a 6.806 <0.001

   2b 11 (36.7) 8.4±4.7 c>b

   3c 8 (26.7) 11.2±5.4

   4d 6 (20.0) 11.0±4.7

   5e 1 (3.3) 0.0±0.0

Education2

   Secondarya 2 (6.9) 2.6±0.5 c,d>b>a 25.735 <0.001

   High schoolb 13 (44.8) 6.8±2.7

   Collegec 8 (27.6) 11.9±4.2

   Graduated 6 (20.7) 11.5±5.5

Personal income (104 KRW)2

   <200a 14 (48.3) 9.0±5.0 b,c>d 4.766 0.003

   200-300b 6 (20.7) 9.4±4.9

   300-400c 4 (13.8) 9.4±2.0

   ≥400d 5 (17.2) 2.3±5.5

Household income (104 KRW)2

   <200a 3 (10.7) 6.3±3.0 f>a,b,c,d,e 20.729 <0.001

   200-300b 4 (14.3) 3.6±1.2 d>b

   300-400c 4 (14.3) 11.9±5.1 c,f>a,d

   400-500d 4 (14.3) 8.5±2.2 f>e>b

   500-1000e 11 (39.3) 9.6±3.8 c>a,b

   ≥1000f 2 (7.1) 15.9±5.4

SD, standard deviation; KRW, Korean won.  
1t-test.
2Welch test, Games-Howell post hoc test (both the Welch and Games-How-
ell tests were performed because the assumption of normality was satisfied, 
but the homoscedasticity was not satisfactory).
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Analysis of contacts by participants’ age
The most contacts were reported by those aged 51-55 

(18.4%), followed by those aged 26-30 (16.3%). Among other 

Table 3. Characteristics of contacts according to participants’ age (participants, n=30; contacts, n=198)

Characteristics
Participants’ age (y) Pearson χ2 

(p-value)Total1 20-29 30-59 ≥60

Age (y) ≤20 16 (8.2) 6 (37.5) 10 (62.5) 0 (0.0) 76.462 (<0.001)

21-25 23 (11.7) 18 (73.8) 4 (17.4) 1 (4.3)

26-30 32 (16.3) 23 (71.9) 5 (15.6) 4 (12.5)

31-35 16 (8.2) 9 (56.3) 4 (25.0) 3 (18.8)

36-40 4 (2.0) 2 (50.0) 2 (50.0) 0 (0.0)

41-45 15 (7.7) 5 (33.3) 8 (53.3) 2 (13.3)

46-50 21 (10.7) 3 (14.3) 14 (66.7) 4 (19.0)

51-55 36 (18.4) 25 (69.4) 8 (22.2) 3 (8.3)

56-60 15 (7.7) 6 (40.0) 2 (13.3) 7 (46.7)

61-65 8 (4.1) 1 (12.5) 3 (37.5) 4 (50.0)

≥66 10 (5.1) 0 (0.0) 6 (60.0) 4 (40.0)

Sex Male 75 (39.1) 29 (38.7) 30 (40.0) 16 (21.3) 4.244 (0.120)

Female 117 (60.9) 63 (53.8) 36 (30.8) 18 (15.4)

Group to which contact belongs Family 54 (27.6) 21 (38.9) 24 (44.4) 9 (16.7) 14.318 (0.126)2

Dormitory 2 (1.0) 1 (50.0) 1 (50.0) 0 (0.0)

School 10 (5.1) 4 (40.0) 6 (60.0) 0 (0.0)

Work 70 (35.7) 40 (57.1) 15 (21.4) 15 (21.4)

Other3 60 (30.6) 31 (51.7) 19 (31.7) 10 (16.7)

Type of contact Physical 59 (29.8) 21 (35.6) 31 (52.5) 7 (11.9) 13.963 (0.001)

Non-physical 139 (70.2) 77 (55.4) 35 (25.2) 27 (19.4)

Duration of contact <5 min 37 (18.8) 17 (45.9) 12 (32.4) 8 (21.6) 11.936 (0.154)

5-14 min 17 (8.6) 6 (35.3) 8 (47.1) 3 (8.6)

15-59 min 36 (18.3) 19 (52.8) 12 (33.3) 5 (13.9)

1-4 hr 52 (26.4) 35 (67.3) 11 (21.2) 6 (11.5)

>4 hr 55 (27.9) 21 (38.2) 23 (41.8) 11 (20.0)

Location of contact Home 61 (31.1) 23 (37.7) 28 (45.9) 10 (16.4) 16.751 (0.016)2

Work 62 (31.6) 38 (61.3) 12 (19.4) 12 (19.4)

School 6 (3.1) 4 (66.7) 0 (0.0) 2 (33.3)

Transportation 3 (1.5) 2 (66.7) 0 (0.0) 1 (33.3)

Other4 64 (32.7) 30 (46.9) 25 (39.1) 9 (14.1)

Frequency of contact Daily 84 (42.9) 42 (50.0) 32 (38.1) 10 (11.9) 27.402 (0.001)

1-2 times/wk 62 (31.6) 38 (61.3) 11 (17.7) 13 (21.0)

1-2 times/mo 18 (9.2) 9 (50.0) 8 (44.4) 1 (5.6)

<1 time/mo 17 (8.7) 3 (17.6) 12 (70.6) 2 (11.8)

Never met before 15 (7.7) 6 (40.0) 3 (20.0) 6 (40.0)

Day of contact Weekday 99 (50.0) 62 (62.6) 19 (19.2) 18 (18.2) 19.935 (<0.001)

Weekend 99 (50.0) 36 (36.4)  47 (47.5) 16 (16.2)

Values are presented as number (%).
1There is a place where the contact information is missing.
2Fisher exact test. 
3Includes members of groups not previously listed (e.g., neighbor, cashier, physician, etc.).
4Includes locations not belonging to the previously listed categories (e.g., leisure, shopping, clinic, etc.).

than 10 million KRW (15.9±5.4) according to the Games-How-
ell post hoc test (Table 2). 
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categories, the highest contact frequencies were as follows: 
female contacts (60.9%); employed individuals (35.7%); non-
physical contact (70.2%); more than 4 hours of contact dura-
tion (27.9%), followed by 1-4 hours of contact duration (26.4%); 
contact at “other” locations (32.7%), followed by at the work-
place (31.6%) and then at home (31.1%); daily contacts (42.9%); 
and weekend contacts (50.0%) (Table 3).

The distributions of contacts in terms of age (p<0.001), type 
(p=0.001), location (p=0.016), frequency (p=0.001), and days 
of occurrence (p<0.001) differed according to the participants’ 
age groups. Participants who were 20-29 years of age had a 
large number of non-physical contacts; the 30-59-year-old 
participants had a large number of physical contacts; the 20- 
29-year-old participants had a large number of contacts at 

work; and the 30-59-year-old participants as well as those 60 
or older had a large number of contacts at home. The partici-
pants and their contacts showed assortative mixing of partici-
pants in their 20s with people in their 20s and 50s (Supple-
mental Material 1).

Contact patterns: type, location, duration, frequency, and 
relationships

Contact type differed by location, duration, and frequency 
(p<0.001). Physical contact was most frequent at home (55.7%), 
followed by other locations (21.9%) and the workplace (17.7%) 
(Figure 1A). Physical contact was most frequent at a duration 
of over 4 hours (61.8%), followed by 1-4 hours (32.7%) and 15-
59 minutes (19.4%), respectively (Figure 1B). Physical contact 

Figure 1. The proportion of contacts that involved physical contact by duration, location, and frequency of contact. Graphs 
show data by location (A), duration (B), and frequency of contacts (C); the correlation between location and duration of contact (D), 
between location and frequency of contact (E), between frequency and duration of contact (F) are shown. All correlations were 
highly significant (p<0.001, χ2-test) (A, χ2=30.832; B, χ2=53.427; C, χ2=30.431; D, χ2=48.953; E, χ2=61.719; F, χ2=66.031).
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was most commonly reported to occur 1 time or 2 times per 
month (50.0%), followed by daily (45.2%) (Figure 1C). Contact 
duration differed by location (p<0.001); contact duration great-
er than 4 hours was most frequent at home (32.8%), followed 
by work (41.9%) and school (33.3%), respectively (Figure 1D). 
Contact frequency also showed a significant relationship with 
location (p<0.001); nearly 75% of contacts occurred on a daily 
basis at home, followed by at the workplace (38.7%) and in 
transportation (33.3%), respectively (Figure 1E). Contact dura-
tion also showed a statistically significant relationship with 
frequency (p<0.001); the greater the frequency, the longer 
the duration of contact (Figure 1F). 

Analysis of perceptions and adherence
The reliability (Cronbach alpha) of the 11 items dealing with 

adherence to hand hygiene and coughing etiquette was 0.828, 
and the reliability (Cronbach alpha) of the 29 total items was 
0.797. Perceptions of the preventive effects of infectious dis-
ease through the use of coughing etiquette (II-3) and health 
status (II-8) had scores that were lower than acceptable. Ad-
herence (II-5) to hand hygiene after sneezing, coughing, or 
blowing one’s nose and coughing etiquette by wearing a mask 
when having a cold or respiratory symptoms also had lower 
than acceptable scores. Some noteworthy trends in the scores 
of each question according to age group were as follows. The 
perception of the possibility of infectious disease transmission 
by contact (II-2) with the environment had the highest score 

Table 4. Analysis of scores on items dealing with participants’ perceptions and adherence (n=30)

Question1 Total
Participants’ age (y) p-value 

(ANOVA)20-29 30-59 ≥60

B-1.  Do you think that infectious disease transmission can occur through contact with other  
 people in your daily life? (1-10)

8.4±2.3 8.2±1.5 8.8±2.8 8.4±3.0 0.811

B-2.  Do you think that infectious disease transmission can occur through contact with the  
 environment in everyday life? (1-10)

8.0±2.5 7.8±1.7 9.4±1.0 6.3±3.9 0.029

B-3.  How effective do you 
think personal hygiene 
practices are in the 
prevention of the  
transmission of infec-
tious diseases?

Hand hygiene 6.2±1.2 5.9±1.5 6.1±1.0 6.9±0.4 0.185

Avoidance of touching the eyes, nose, or mouth 5.9±0.9 5.7±1.0 5.7±0.8 6.7±0.8 0.038

Coughing etiquette 4.9±1.9 5.3±1.4 4.9±1.5 4.1±3.0 0.440

Wearing a mask when one has a cold or respiratory symptoms 5.6±1.4 5.3±1.6 5.8±1.1 6.0±1.2 0.507

Vaccination 6.0±1.1 6.0±0.9 5.8±0.9 6.3±1.5 0.660

B-4.  Please indicate whether  
 the following situations  
 require hand hygiene  
 to prevent the spread of  
 disease by contact.

After using the toilet; before and after food intake; before and 
after cooking, before and after taking care of the ill; after  
changing a diaper or cleaning children using the toilet; after 
contact with wounds; after sneezing, coughing or blowing one’s 
nose; after contacting waste or trash; after contacting animals, 
feed, or animal waste (0-9)

8.8±0.5 8.7±0.8 8.9±0.3 9.0±0.0 0.428

B-5.  How often do you  
 usually perform hand  
 hygiene and cough  
 etiquette in the  
 following situations?

After using the toilet 6.6±0.6 6.7±0.6 6.7±0.5 6.4±0.8 0.619

Before and after food intake 6.0±0.9 5.4±0.8 6.1±0.9 6.9±0.4 0.001

Before and after cooking 6.4±1.3 6.2±1.7 6.4±1.0 6.9±0.4 0.579

Before and after taking care of the ill 5.9±1.6 5.6±1.5 5.4±2.0 7.0±0.0 0.090

After changing a diaper or cleaning children using the toilet 6.0±1.9 5.3±2.1 6.2±1.9 7.0±0.0 0.170

After contact with wounds 5.7±1.6 5.1±1.5 6.0±1.8 6.4±1.1 0.152

After sneezing, coughing, or blowing one’s nose 4.6±1.7 3.9±1.5 4.5±2.0 5.9±1.2 0.053

After contacting waste or trash 6.3±1.2 6.3±0.9 5.8±1.8 6.9±0.4 0.221

After contacting animals, feed, animal waste, etc. 6.2±1.5 6.2±1.5 5.9±1.9 6.9±0.4 0.423

Coughing etiquette: covering the face and nose with a tissue and 
using a kerchief or clothing sleeve when coughing or sneezing

6.0±0.8 5.9±0.8 6.2±0.8 6.0±0.8 0.582

Wearing a mask when one has a cold or respiratory symptoms 4.5±2.0 4.8±1.8 3.8±2.2 4.9±2.0 0.433

B-7. Do you think you are vulnerable to infectious diseases? (1-10) 4.9±2.8 4.5±2.6 4.0±2.5 7.0±2.8 0.072

B-8. How do you feel about your health over the past year? (1-10) 6.9±2.6 6.9±2.1 7.6±2.6 5.9±3.2 0.404

Values are presented as mean±standard deviation. 
ANOVA, analysis of variance.
1Unless otherwise indicated, items have a range of 1-7.



Hyang Soon Oh, et al.

114

(p=0.029) in the 30-59-year age group (9.4 points). Perceptions 
of the preventive effects (II-3) of not touching one’s eyes, nose, 
or mouth by hand (p=0.038), as well as hand hygiene and 
cough etiquette adherence (II-5) before and after eating (p=  
0.001), were highest in those over 60 (Table 4). 

DISCUSSION

The Delphi technique showed that the social contact sur-
vey instrument developed in this study was valid and feasi-
ble. During the first Delphi survey, the CVR scores for all 
questionnaire items revealed high levels of validity and feasi-
bility, and the panel members concurred and strongly agreed 
with all but 1 questionnaire item. After the questionnaire was 
improved based on the expert panel’s opinions prior to the 
second Delphi survey, the CVR validity and feasibility scores 
improved, further indicating the suitability of this study in-
strument. During the first and second rounds, only item A-4 
(“Please record the details of each contact you have had from 
5 a.m. to 5 a.m. the next day”) had a low CVR for feasibility; 
however, its CVR for validity was high. Moreover, the CVR for 
the validity of item A-4 improved from 0.73 to 1.00 during 
the second round, supporting the questionnaire’s validity. As 
a result, the social contact survey instrument developed in 
this study was found to be highly appropriate for use in re-
search.

A pilot study conducted with this instrument found many 
significant social contact patterns. The participants came into 
contact with an average of 6.6 persons during a 24-hour peri-
od. Previous studies have shown that there were 8.0 daily con-
tacts per person in France [8], 8.3 in Taiwan [19], 6.93 in Hong 
Kong [6], 10 in China [20], 15.3 in Japan [4], and 13.4 in 8 Euro-
pean countries [5]. A limitation of this present study is that it 
uses simple comparisons; however, it is still possible to apply 
this information to the number of contacts in Korea. 

Contact patterns in terms of type, duration, location, and 
frequency differed by the participants’ age. The 20-29-year age 
group had a large number of contacts that were non-physical, 
1-4 hours in duration, at work, and 1-2 times/wk. The 30-59-
year age group had a large number of contacts that were 
physical, longer than 4 hours, and at home. These results are 
consistent with those of previous studies [5,6]. Participants in 
their 20s had a high frequency of contact with their peers (as-
sortative mixing) and with those in their 50s, which is their pa-
rental generation. This result is consistent with findings of age-

assortative mixing of those 5-20 years of age in Hong Kong [6], 
and of persons 5-24 years of age in Europe [5]. Participants in 
their 20s could spread infectious diseases if an outbreak oc-
curs, and they should therefore be included in infection pre-
vention strategies.

Physical contact was relatively frequent at home, with a 
long duration of contact (>4 hours) and daily frequency, 
which is consistent with the results of previous studies [4-
6,8,16]. Infection transmission can occur in the home, so it is 
very important to meticulously practice the principles of per-
sonal hygiene (hand hygiene and coughing etiquette) at 
home first. There was a broad distribution of contact with a 
duration greater than 4 hours at home, work, and school. Daily 
contact frequency at home and 1-2 times/wk contact frequen-
cy at work was most common, and a contact duration greater 
than 4 hours was most common among contacts that oc-
curred with high frequency.

Patterns of contact varied according to the participants’ age, 
occupation, education, household size, personal income, and 
household income. Among those in their 20s, the higher the 
number of household members, education level, personal in-
come, or household income, the higher the number of con-
tacts (p<0.05). These results are consistent with those of pre-
vious studies [4-8,19].

Part II of our instrument showed a high level of reliability. 
Perceptions of the preventive effects of coughing etiquette  
(II-3), and hand hygiene adherence (II-5) after sneezing, cough-
ing, or blowing one’s nose, as well as coughing etiquette via 
wearing a mask when having a cold or respiratory symptoms, 
should be specifically addressed through public education. 
Education on the possibility of transmission of infectious dis-
eases by contact (II-2) with the environment; the preventive 
effects on infectious disease transmission (II-3) of not touch-
ing one’s eyes, nose, or mouth by hand; and hand hygiene 
and cough etiquette adherence (II-5) before and after eating 
should be specifically directed towards those 20-29 years of 
age. 

In summary, social contact patterns varied according to age 
group in terms of contact time, place, type, and frequency, and 
adults in their 20s exhibited an assortative mixing pattern. Con-
tacts at home, of long duration, and of daily frequency were 
relatively likely to be physical. The number of contacts varied 
according to participants’ age, occupation, household size, ed-
ucation, and income. These findings—the first such findings 
pertaining to Korea—are meaningfully consistent with those 
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of previous studies in other countries [4-8,18,19].
This study has limitations regarding the generalizability of 

its results because this is the first attempt to develop a research 
instrument of this nature [5] and to measure its applicability in 
a pilot study using a small number of participants (n=30). None-
theless, there were many significant findings. In order to iden-
tify more representative infection transmission patterns, it is 
necessary to promote research into social contacts on a nation-
wide scale.

The instrument developed in this study [21] can be used to 
quantify social contacts in Korea in a standardized way and to 
identify patterns according to population-level characteristics. 
Understanding the relationships between patterns of individ-
ual practices of hand hygiene and coughing etiquette can be 
used to develop guidelines for limiting the spread of infectious 
diseases. In this pilot study, many novel significant findings re-
garding social contact patterns in Korea were obtained. To es-
tablish a more generalized picture of social contact patterns 
and to develop an effective preventive strategy against infec-
tion transmission, a large-scale nationwide study should be 
carried out.
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