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ABSTRACT

The food service industry is a major driver of global sustainable food consumption. By understanding food consumption
behavior, restaurant managers can forecast demands and reduce pre-consumer food waste. This study investigates the
relationship between influencing factors and the number of customers at restaurants and cafés. These factors are
weather-related factors, including rain and temperature, and school-related factors, including exams and the day of the week.
Based on these four factors, 24 possible combinations were created. Three representtive days were chosen for each weekday
combination. Besides, one representative day was chosen for each weekend combination. In total, 48 days were sampled
throughout the year. Customer data were collected from six restaurants and cafes on a Korean university campus. Conjoint
analysis was used to determine the relative importance of each variable to customer numbers. Following that, utility scores
were standardized and mapped to determine the best condition when the number of customers was at its peak. In addition,
each store’ s sales were compared using Pearson’ s Correlation Coefficient. The findings support that temperature and rain
influences are correlated with the number of customers. Furthermore, we discovered that temperature was far more significant
than rain in determining the number of customers. The paper discusses the implications of weather to forecast food and
beverage demand and predict meal choices.
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Behavior
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1. Introduction

The food service sector refers to the industry
that provides serviced supply of food and beverages
prepared and served away from home (Davis et al.,
2018). The global foodservice market accounts for
40% of the global food and agriculture industry
(IMARC, 2021). With the prevalence of out-of-home
dining, the food service sector is critical in driving
sustainable food consumption.

Globally, one-third of food produced is wasted
2011). The
significance of food waste is demonstrated in the
United Nations Sustainable Development Goal 12,

‘Responsible Consumption and Production,” which
aims to reduce global food waste and food loss
along the production and supply chain by half by
2030 (United Nations, 2016). Although food waste
may occur during any stage of the supply chain, in
industrialized countries, more than 40 percent of

or lost yearly (Gustavsson et al,

losses happen at retail and consumer levels (FAO,
2016). More specifically, a case study of 10
restaurants in London showed that 65 percent of
food waste in restaurants is from preparation, 30
percent comes back from the customer’ s plate,
and 5 percent is spoilage (Sustainable Restaurant
Association, 2010). Despite significant  economic,
social, and environmental impacts (Lins et al., 2021),
food waste in the food service industry remains an
unsolved wicked problem.

Reducing food waste occurring in the preparation
stage holds the most promise. Among the relevant
intervention strategies, a study has shown that
demand forecasting could help restaurants ensure
minimal food waste due to overstocking of food
materials and maximizing restaurants’ profits (Posch
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et al., 2022).
This research aims to have a clearer
understanding of what factors influence the

consumption of particular food. Through this, it is
expected that restaurants and cafes could predict
their sales and plan their stock and marketing
strategies accordingly.

2. Literature Review

2.1 Weather and consumer behaviors

The effect of weather on human behaviors has
been widely studied. The weather has been proven
to affect mood (Howarth and Hoffman, 1984),
productivity (Deryugina and Hsiang, 2014), and even
stock prices (Akhtari, 2011). Many studies have
found the importance of using weather to predict
and anticipate trends (Markowitz, 2011). The
weather has been shown to affect customer
spending (Deryugina and Hsiang, 2014) and has long
been recognized as a strategic element in demand
chain planning (Cawthorn, 1998). Many retail stores
use these insights to manage their logistics of retail
products (Starr-McCluer, 2000, Edwards, 2012). A
study has also investigated the association between
weather and daily shopping patterns (Parsons, 2001).
Similarly,  another conducted to
determine the influences of weather on sales based
targeting a family
company and an outdoor
company. Their results show that the impact of

research is

on real-world daily sales,
restaurant fashion
weather on store sales depends on their regional
and location characteristics when it rains (Chu et
al., 2013).
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2.2 Weather and food consumption

The effect of weather and the consumption
behavior of food has also been investigated. It has
been found that daily caloric intake is higher in fall
compared to spring, and people consume most
carbohydrates in spring and most fat in fall (Ma et
al., 2000). It is also suggested that the ecological
and evolutionary explanation of the increased food
intake in fall is to prepare for winter when food is
scared (De Castro, 199D). Ma and
colleagues conclude that the magnitude of change
in the seasonal diet variation is relatively small.

However,

Another research shows that the troops consumed
greater calories of food in the Arctic compared to
the desert, which cannot be explained by the
increase in metabolic rate alone (Johnson and Kark,
1947).

Additionally, research shows that weather affects
the sales of certain food items such as soft drinks,
hot chocolate, or strawberries. Supermarkets such
as TESCO have researched for more than 15 years
to use the weather forecast to predict what kind of
food to stock (Cohen, 2011). The results show that
by the time of the first weekend of winter, as it
turns bitterly cold, hot chocolates are flying off the
shelves, whereas, on the first hot weekend, we can
see strawberry sales increase by 20 percent. The
report also mentions that ‘there is a 4.5 percent
weather impact on food sales, and 6 percent for
clothing, which can make a difference to profit and
loss.” Besides, research has shown the significant
impact of seasonal factors, which consist of
temperature and week-in-year factors, on the sales
of soft drinks in the UK (Ramanathan and

Muyldermans, 2010).
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Nonetheless, studies that prove the correlation
between weather conditions and food consumption
behavior
characteristics of each restaurant and café make it
challenging to make predictions based on previous
studies, especially regarding drinks and fast food.
The effect of weather on sales of particular food
items can not directly predict food sales with many
variations. Therefore, we selected the university
campus as a case study to explore the association
between weather and school factors, and meal

are scarce. Moreover, the complex

choices. The hypothesis is that weather and school
factors influence meal choice.

3. Method

3.1 Preliminary study

While weather conditions consist of several
including
humidity, cloud cover, wind, and air pressure, the
temperature is the most determinant of weather, as
all other elements depend on it. Based on the
literature review, the rain factor also greatly
temperature.  To
determine whether other factors may affect the
number of customers other than weather, we
conducted preliminary observations on a Korean
university campus, which was selected as a case

elements, temperature, — precipitation,

influences  behavior  besides

study. We observed stores were more crowded on
weekdays, while on weekends, certain places were
occupied by some visitors to some extent.
Moreover, exams may have influenced students’
eating habits because of a busier schedule or

stress. Therefore, we added two more factors:
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‘the day of a week’ (weekday or weekend) and Tab. 3—1 Data sampling

‘exam’ (exam period or no-exam period). Thus,

Factors Dates

Hot  6/11 6/12 6/18

Rain Warm 4/13  4/16  4/20
dependent variable is the number of customers. Cold 1211 1216 414
Exam Hot 610 615 619

Warm  4/21  4/22  4/23
Cold 12/8 12/12 12/17

the independent variables are temperature, rain,
exam, and the day of a week, whereas the

No
3.2 Study design Rain

Weekday Ht 91 93 91
To limit the scope of the study, only the number Ran ~ Warm 42 429 5/12
. . . No Cold 11/28 12/3 33
of customers during the semester was investigated. Exam Hot 528 64 831
To create different combinations, we specified four Rli?n Warm 54 513 5/22
factors with corresponding levels. The first factor is Cod 122 12/ 310
. , - Hot  6/13
the ‘temperature’ of the weather, consisting of Ran  Warm  6/14
three levels: hot (=35 ° C), warm (~20° C), and Exam Cold  4/19
cold (~0° O). The temperature levels were specified No \XI/{Ot 4‘7172
based on the highest temperature of the day. The Rain Cg(rjn 19/7
second factor is ‘rain,” consisting of two levels: Weekend Hot  9/6
a day with rain and day without rain. The rainy Rain -~ Warm  5/3
. No Cold  11/30
days were selected based on the highest Exam ot 531
precipitation level. The third factor is ‘exam,’ Rli?n Warm  4/4
consisting of two levels: exam period and no exam Cold _ 3/7
period. The exam period was defined as two weeks,
starting from the Saturday before the official exam Tab. 3=2 Restaurants and cafes
week until the Friday of the official exam week. Stores  Types of Food & Drink  Operating Hours
Lastly, the fourth factor is ‘the day of a week,’ Mo ~ Sun
ot . S1 Donuts & Drinks
consisting of two levels: weekday and weekend. 7AM~11PM
Based on these four factors, 24 different cases S Smoothies & Coffee M:lr\l/[ ~1 1?3111\5[1
were created. From the weather report, three TAM-
representative  days were randomly selected for 3 Burgers,drFirnlEs & Soft g’f& izi‘ﬁ
. S ~
each case. However, only one representative day P
was selected for weekend cases since there were 54 Instant Noodles OPM-APM
much less available data that fit into the defined . . Mon ~ FRI
conditions on weekends compared to weekdays. % Drinks & Sandwiches 8:30AM~8PM
Also, the official Korean holidays were avoided , . Mon ~ FRI
. Burritos, Sandwiches &
since there were much fewer students on campus. S6 Juices 11AM~7PM
Therefore, the number of selected days in total (Break ZPM-APM)
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was 48 days, including 36 weekdays and 12
weekends <Table 3-1>. For two stores, S4 and S5,
the day of a week’ factor was eliminated since
they do not operate during the weekend. Thus,
there were only 12 combinations in total for these
two stores. For store S6, they did not operate
during the weekend as well, and because they
recently opened, there were no cold days since the
opening. The ‘cold” level was eliminated from
the temperature factor; therefore, there were only
8 combinations for store S6.

3.3 Data collection

Two types of data were collected. One is the
independent variables, including ‘weather’ factors
and ‘school’ factors. The other is dependent
variable, which is the number of customers.

Independent Variables: the weather data from
accuweather.com during one year were collected.
Each day, information regarding the highest

S1

Importance
Importance

Exam Rain Temp Week

S4

Importance
Importance

Exam Rain Temp E:;a
m

Fig. 4-1 Importance Summaries

Exam
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temperature, and the precipitation level was
extracted. The information was collected from the
university academic calendar, whether the day was
in the exam or the no-exam period.

Dependent Variables: Based on the selected
dates, we asked the restaurants and cafes to
provide us with the numbers of customers, which
were estimated by the receipts. Six restaurants and
cafés inside the campus agreed to participate in
the study. The type of food they serve and the
operating hours of each restaurant and café can be
seen in <Table 3-2>.

Once all data was collected, the conjoint analysis
for each restaurant and cafées was performed using
IBM SPSS Statistics.

4. Results

Based on the conjoint analysis, each variable’s
relative importance on customers’ numbers is
examined. The importance summary of each factor

S2 S3

Importance

Rain Temp Week Exam Rain Temp

Importance

Temp Exam Rain Temp
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for each restaurant and café is as follows <Fig.
4-1.

S1 sales were highly influenced by the day of a
week factor, followed by temperature, rain, and
exam factors. S2's sales were almost equally
influenced by the day of a week and temperature
factors, followed by exam factors, and very little
influenced by rain. S3's sales were similarly
influenced by the exam and the temperature
factors, followed by the day of a week factors, and
very little influenced by rain. S4’s sales were
nearly equally influenced by exam and temperature
factors and very little influenced by rain. S5's sales
were mainly influenced by temperature and little
influenced by exam and rain factors. Lastly, S6's
sales were highly influenced by the rain factor,
followed equally by the exam and temperature
factors.

The correlation of four factors and the number
of customers is significant at 0.03 level for S4 and
0.00 level for the other five analyses. Overall, four

out of six stores scored over 35 percent on the
importance of temperature factor, one out of Six
stores scored over 45 percent, and two out of Six
stores scored from 10~20 percent on the
importance of rain factor.

The utility score showed the best condition in
which the number of customers is the highest. We
standardized the utility score and mapped them into
x-y coordinates: one with 'weather-related” factors
<Fig. 4-2> and the other with school-related factors
<Fig. 4-3>. For Sl, customers increased on warm
days, days without rain, and weekdays. For S2,
customers increased significantly on hot days,
increased fairly on rainy days and during the exam
period, and increased greatly on weekdays. For S3,
customers increased on days without rain and
during hot and warm temperatures, increased on
weekends, and increased greatly during the exam
period. For $4, customers increased slightly when it
rains, increased greatly on cold days, and increased
greatly during the exam period. For S5, customers

Tab. 4—1. Pearson’s correlation coefficient of five stores

S1 S2 S3 4 S5
Pearson Correlation 1 750%* -0.038 -0.228 -0.096
S1 Sig. (2-tailed) 0 0.816 0.158 0.554
N 40 40 40 40 40
Pearson Correlation T50%* 1 .323* -0.248 0.149
S2 Sig. (2-tailed) 0 0.042 0.123 0.357
N 40 40 40 40 40
Pearson Correlation -0.038 .323* 1 .314* .362*
S3 Sig. (2-tailed) 0.816 0.042 0.049 0.022
N 40 40 40 40 40
Pearson Correlation -0.228 -0.248 .314* 1 -0.248
S4 Sig. (2-tailed) 0.158 0.123 0.049 0.123
N 40 40 40 40 40
Pearson Correlation -0.096 0.149 .362* -0.248 1
S5 Sig. (2-tailed) 0.544 0.357 0.022 0.123
N 40 40 40 40 40

*. Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed)
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increased greatly on hot days, increased slightly on
rainy days, and increased slightly during the exam
period. Lastly, for S6, customers increased greatly
with rain, and fairly with hot temperatures and
during the exam period.

In addition, we conducted a correlation analysis
of the number of customers among five out of six
restaurants and cafés during the 36 weekdays. S6
was elimnated because the data contained a
different set of dates from the other five stores.
The result showed that SI sales and S2 sales were
highly correlated at 0.01 level <Table 4-1>.

5. Discussion

We could see that S1 and S2 sold better on
weekdays, while S3 sold better on weekends. The
reason could be that S1 and S2 stores are
surrounded by several big departments, where
students go to laboratories or attend classes. Also,
during the weekend, S3 is the perfect option for
students who wake up late, and whose schedules
may not match the cafeteria’s regular operating

100
@ 's6, 28, 88

S5, 93,23
$4,72, 12

COLD WARM S3, 84, -12 HOT

-100 -50 0 50 R, 100

$2,87,-10
-50 S1, 44,29

-100
NO RAIN

Fig, 4-2 Utlity score
weather-related factors

mapping  between

hours. Thus, they tend to have meals at S3 instead.
In all stores, sales increased during the exam
period. This could be because people need more
energy during the exam or do not go to eat or
drink outside the campus. Most stores, excluding S4,
sold better during hot days. Perhaps, because they
primarily serve cold drinks. It could also be because
people tend to move less during winter, leading to
fewer sales. As expected, people tended to consume
noodle soups more during cold weather. In addition,
rainy days might have prevented people from going
outside the building, making the sales for Sl,
located on the far side of the campus, slightly
decrease. However, in most stores, sales increased
on rainy days. Perhaps, it was more difficult to go
outside campus. Another reason could be that rain
makes people depressed and eat more. Lastly,
students visited S3 equally, whether it rained or
not. This could be due to the location that is in
proximity to students” dormitories.

From the correlation analysis <Table 4-1>, S1
and S2 are the most correlated pairs. We
hypothesized that their sales are highly correlated

EXAM

100
S4, 100, 72

2 ©
S S2, 56, 49
50 © S6. 100, 28

S1593,23 ®
o8

85, 100,23

WEEKEND WEEKDAY

-100 -50 0 50 100

-100
NO EXAM

Hg 4-3 Utlity score mapping between
school-related factors
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due to their similar characteristics; both are located
inside the department’s building, surrounded by
several big departments. Other highly correlated
pairs are S3 and S4. We can see that they sell
similar types of food, which is fast food. If we
examine the importance summary of both stores,
they have a similar tendency- greatly influenced by
exam and temperature factors. The result suggests
that besides the effect of weather, the location of
the stores can also be influential and worth
investigating further.

The results showed a significant effect of
temperature and rain on the number of customers
and revealed the possible implications of using
weather to predict sales, making the study worth
further investigation. For example, S4 can forecast
that there will be more customers on cold rainy
days, so they can prepare more staff members in
advance to sell even more. Also, <Fig. 4-2> shows
the less saturated area, such as on cold days,
which opens a significant  opportunity — for
restaurants and cafés to serve products or services
in this weather condition. For potential implications,
restaurant managers can use these results to
predict the number of customers to reduce food
waste by preparing food ingredients more or less.
Also, they can manage to assign more part-time
staff on days with predicted higher volume and
vice versa, allowing them to better utilize
resources. In addition, managers can plan marketing
and advertising campaign to boost the sales of
specific products that people may crave more
during certain weather conditions.

6. Conclusion

To summarize, this paper investigates the
relationship between weather & school-related
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factors and the number of customers based on the
data collected from six restaurants inside a Korean
university campus. The conjoint analysis shows that
the effect of weather on the number of customers
is significant in all six stores. Among the two
weather factors, temperature shows much greater
importance in the number of customers than rain.
Based on our analysis, the types of food and
location of the stores could be the influential
characteristics behind weather sensitivity.

In Korea, there is a popular saying that the
perfect food for rainy days is a fried pancake and
rice wine. However, there is a scarcity of scientific
evidence to support this concept. Although we did
not specifically investigate a desire for a specific
food item, this study provided additional insights
into possible weather-related food cravings.

There are some limitations of this study that are
beyond our control. Daily menu variations, new
menu launches, special occasions such as Christmas,
or promotion deals may affect sales. Organized
events using catering services may increase sales
abruptly and do not represent the whole
population’s behaviors. Moreover, when the number
of customers reaches its peak, the waiting time
may affect potential customers’ choices. Thus, there
could be a ceiling effect. These are influences that
are difficult to avoid.

However, some limitations could be improved in
future studies. Firstly, regarding the weather
conditions, we only included the highest
temperature and the day’'s precipitation for the
simplicity of the analysis. However, other weather
conditions may have had more significant influences
on the number of customers, such as the perceived
temperature, humidity level, amount of sunshine, or
wind intensity. Secondly, we could have included
restaurants and cafés with similar characteristics for
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comparison. Moreover, it would be better if we
could have exhaustively surveyed every other
on-campus restaurant and cafés. Lastly, for a more
comprehensive study, we could collect the number
of sales of each particular type of food item
instead of collecting an overall number of
customers. For example, at a donut store, we can
collect whether a customer consumes donuts or
drinks, hot drinks or cold drinks, coffee, or
non-coffee drinks

Acknowledgement

We wish to thank various people for their
contribution to this research; restaurant store
managers for providing data that are fundamental
to this work; Professor Hyeon-Jeong Suk for her
constructive  suggestions during the planning and
development of this research; and Hoyong Kang for
his assistance with the survey data collection and
make this research run smoothly.

Reference

[1] Akhtari, M. (2011). Reassessment of the weather
effect: Stock prices and wall street weather.
Undergraduate Economic Review, 7(1), 19.

[2] Cawthorn, C. (1998). Weather as a strategic
element in demand chain planning. The Journal
of Business Forecasting, 17(3), 18.

[3] Chu, K., Kim, S. and Choi, C. (2013). A Study on
the Impact of Weather on Sales and Optimal
Budget Allocation of Weather Marketing. Journal
of the Korean Operations Research and
Management Science Society, 38(1), 153-181.
doi:10.7737/JKORMS.2013.38.1.153.

[4] Cohen, T. (2011). Supermarkets use weather

90

predictions to decide what to stock. TheDailyMail.
Available online:
http://www.dailymail.co.uk/news/article-2026439/
Supermarkets-use-weather-predictions-decide-s
tock.html

[5] Davis, B., Lockwood, A., Alcott, P., & Pantelidis,
I. S. (2018). Food and beverage management.
Routledge. doi:10.4324/9781315563374

[6] De Castro, J. M. (1991). Seasonal rhythms of
human nutrient intake and meal pattern.
Physiology & behavior, 50(D), 243-248.
doi:10.1016/0031-9384(91)90527-u.

[7] Deryugina, T. and Hsiang, S. M. (2014). Does the
Environment Still Matter? Daily Temperature and
Income in the United States (No. w20750). National
Bureau of
doi:10.3386/w20750.

[8] Edwards, C. (2012). The future is in there...
somewhere [supply chain systems]. Engineering &

7(12), T4-T7.

Economic Research.

Technology,
doi:10.1049/et.2012.1220.

[9] FAO (2016). Key facts on food loss and waste you
should know!

[10] Gustavsson, J., Cederberg, C., & Sonesson, U.
(2011). Global Food Losses and Food Waste.

[11] Howarth, E. and Hoffman, M. S. (1984). A
multidimensional approach to the relationship
between mood and weather. British Journal of
Psychology, 75(D), 15-23.
doi:10.1111/§.2044-8295.1984.tb02785.x.

[12] IMARC. (2021). Food Service Market: Global
Industry Trends, Share, Size, Growth, Opportunity
and Forecast, 2022-2027. Available online:
https://www.imarcgroup.com/food-service-market

[13] Johnson, R. E. and Kark, R. M. (1947). Environment
and Food Intake in Man. Science, 105(2728), 378~



uo} A} ek

=)
i
5‘%
o
ok
o
_|.:l
[>
=

Alctnl FlH|o| AledT

379. doi:10.1126/science. 105.2728.378.

[14] Lins, M., Puppin Zandonadi, R., Raposo, A., &
Ginani, V. C. (2021). Food Waste on Food service:
An Overview through the Perspective of
Sustainable Dimensions. Foods, 10(6), 1175.
doi:10.3390/foods10061175

[15] Ma, Y. et al. (2006). Seasonal variation in food
intake, physical activity, and body weight in a
predominantly overweight population. European
journal of clinical nutrition, 60(4), 519-528.
doi:10.1038/sj.ejcn. 1602346.

[16] Markowitz, E. (2011). Outsmarting Mother Nature,
inc.com. Available online:
https://www.inc.com/articles/201103/outsmarting
-mother-nature-and-targeting-consumers.html

[17] Parsons, A. G. (2001). The Association between
Daily Weather and Daily Shopping Patterns.
Australasian Marketing Journal, 9(2), 78-84.
doi:10.1016/S1441-3582(01)70177-2.

91

[18] Posch, K. et al. (2022). A Bayesian approach for
predicting food and beverage sales in staff
canteens and restaurants. International Journal of
Forecasting, 38D, 321-338.
doi:10.1016/j.ijforecast.2021.06.001

Ramanathan, U. and Muyldermans, L. (2010).
Identifying demand factors for promotional

[19]

planning and forecasting: A case of a soft drink

company in the UK. International Journal of

Production ~ Economics,  128(2),  538-545.
doi:10.1016/j.ijpe.2010.07.007.

[20] Starr-McCluer, M. (2000). The effects of weather
on retail sales. doi:10.2139/ssrn.221728

[21] Sustainable Restaurant Association (2010). Too

Good to Waste: Restaurant Food Waste Survey

Report.

United

Development

[22] (2016).
Programme,
Goals.  Available

https://sdgs.un.org/goals/goal12

United Nations
Sustainable
online

Nations

Development



M|AGT H123 M4z, 2022.12

Thamjamrassri, Punyotai (punyotai@gmail.com)

Punyotai Thamjamrassri 1s currently a Ph.D. student at the graduate school of

Design at Dongseo University. She received her Master's degree in Industrial

Design from KAIST in 2017. Her current research interests include Empathy,

Generative Design Research, UX research methods, and Service Design Tools.

Lee, Yong-Ki (ykl77@gdsu.dongseo.ac.kr)

Yong-Ki lLee is currently an Assistant Professor of Design at Dongseo
University. He received his Ph.D. in Industrial Design from KAIST in 2017. He is a

director of Service Design for Good lab (SD4G). His current research interests

include UX Design, Service Design, Social Innovation, and Sustainable Development.

92



Sulo} A} Aete] B SHECHEE AmA U Algk} SlElo] Al

A} 22 A A Bhet A%~ ) AR
7] A AT

29}
AR e AETFERE Al AE ARlel F8 dEEelnt dianldles oo, A%
eSS F2E dSstal 48 AGEDSANA 524 BHE %%_‘ T Atk & A7 A9 Tl 4%
aelzh 14 & ko] WAE ZARITE o3 8915 vl Ve THY UMl BHE 8T AY
z&te] 73 28 249k 2 3y

I 8PS UEYgE 240}22‘:} ZF FE 23l disidE A 89S oiEYE
ek € | T F 48Yo] HEOE FEHJIG 1A Ase = I tigt Aol = 6749
233 7oA FHEUT oA Foll ik 7 Wl AiE FREE AAsE] 98 741 E 4
(Conjoint Analysis)o] AFE-EIth o]o] &8 7k (Utility Score)S EZ3lele] 14 471 Ao =S o
HA ] AEE = HH«ﬂ (Mapping) 3tATE T3 F]oj& g3t AlsPearson’ s Correlation Coeff1qent)%
AMgEt] ZF HE o] viEs vnsith B AT Ak 259} vl FEke] 1A ¢ AT A
A ST =3 A 5 A5k dl lojA 57t HiET EA B FRsith= Zlo] AHI:
B =5 ASE F8E dSsta A AdEs dSsh] sl ENE ARESkE A9 AARHYl tisl
=olatitt.

7 ads ERE St B QRlEolth o] Y 7 2Rl 7]
'Llf_ [e]
3

A G 0] PE G A Y BH, 2 A5 T PE

AUt Jrtriehd, BxRQlIsk BhA R punyotai @gmail.com (A1 AF)
T EAYsty guttskd, gl w4 ykl77@gdsu.dongseo.ac.kr (AR A})
& AFes FAUEn 4‘474] BK21 Au]2=tzlR] 7]kke] ALs|gAl wS-AFee o3 A L= AH5U.

93



