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Abstract

The purpose of this study was to analyze the trend of the number of births in Gwangju
and the number of outpatients in Pediatric Dentistry at Chonnam National University
Dental Hospital over the past 10 years (2010 - 2019) and predict the next year using
time series analysis. The number of births showed an unstable downward trend with
monthly variations, with the highest in January and the lowest in December. The
average number of births in 2020 was predicted to be 682 (595 to 782, 95% CI), and
the actual number of births was an average of 610. The number of outpatients was
relatively stable, showing a month-to-month variation, with highest in August and the
lowest in June. The average number of patients in 2020 was predicted to be 603 (505 to
701, 95% CI), and the average number of actual visits was 587. Despite the decrease in
the number of births, the number of outpatients was expected to increase somewhat.
Due to the special situation of COVID-19, the actual number of births and patients
was to be slightly lower than the predicted values, but it was that they were within
the predicted confidence interval. Time series analysis can be used as a basic tool
to prepare for the low fertility era in the field of pediatric dentistry. [J Korean Acad
Pediatr Dent 2022;49(3):274-284]

Keywords
Time series analysis, Autoregressive error model, Low fertility, ARIMA model

MEZ

o4 190] Wi Ao 47} B 69 W 1960dc] elutehe Q1 27} oA 4
4 I9ISIT] 2 o3 20461 221 ool A P, 5 B, o} 15} 2 Hop
& %202 19804riol ol2e] o4 190] WA $ 02 ofAeli
olnlshe A ES) A gl 2902 ZhaEgict. 1990'—3EH %r oJg9l7]
Ak AR g4 HASIL 20000 Fubo] ElojHof HE4t £AIZ ol

> o
AL
Mo o
s
23
<

Corresponding author: Namki Choi

Department of Pediatric Dentistry, School of Dentistry, Chonnam National University, 33 Yongbong-ro, Buk-gu,
Gwangju, 61186, Republic of Korea

Tel: +82-62-530-5660 / Fax: +82-62-530-5669 / E-mail: nkchoi@jnu.ac kr



Trend Analysis and Prediction of the Number of Births and the Number of Outpatients using Time Series Analysis

ﬂ
J
fifo
do
=
o
od
|o
HU
r ]
4
o
=)
o
rE
o,
ol
30
&
=
)

of
b1
o
)
iQ
rlo
>
N
N,
R
e

Mo J
r2 1o ok
)

ol
)

ox
2
N
0,
-+
1o
oy
B>
HU
=
o
1o
l_r
offt
1
iz
I
ol
ox
M

o
-

oo
H

[

1o

o ©
2

1o
SRV
z > £

i)
[>
M
o
o
o|N
N
_TJ'LT
k1
TSI S i )
e)

mloorel
o mx
fu o
oz
2 o
2
W'E
E
ox o
2y o >
[e)

- 2
> Hu
oL
o
N [
s 3
rL B
T
m L2
B3
B o
)
o nC

HJLN'
p

o
o
ol
P~
o
E‘
_\:_l
1o
rlol
N
M
H
e
)
b
ol
ot
P~
o
Pl

LI

2L
M
1o
o
A
H
H
fol
_>|4_
1o,
rO
1>
rE
ot
oln
i)
M
rlo
re
41
illy
o
2
o

K
3

o 0
ST
o

to rt Kl
R w2
oo Ho
o 3 &
ol 3R ox e
£ OE o
()
ofo
ox
el
olN
ol
rit

N
)
ku

T
=

lo
Hu
ok
T
2

ne HJIH.I
1o
oflt
o
_}l_‘
i=)
o
)
H 1A
m

AlA

e o
e =
M
oglt
o
-4
)Y
ol
)
a
4
= 2
L ro o
:oul_".
29
A
o
ol
Fr
ol
i3
ie)
u
>,
2

2

>

2

ne o
>
ol
kl
>
o
E=)
i
ro
w

712 A=t Q). W
T2 2HYs}o], A]?:]]OE:‘ A8 7} QEA A A|A QI
A& motsh= 17golH, & M= Al
A 227} vk A A o) 2t BAko] obA s}t HEke

}oq omg}/\]ah:} Aﬂ 7>1H b }% ofg] 7k2] 2y Ald &

Mo

=
5
ox
2
>
)
e
r° “

)

<

o
=
slol 29 3E FeIsich, S0l okt 41D £
2 WEstol PAshe B4H80] of Aokxnt i) £0 7
2~ 0
N

=

o] AA7t= Mgthstae] AYwy-8-24 993 (Institutional
Review Board, IRB)2] 495 E35t & AP JATHIRB
No: CNUDH-EXP-2021-008).

1. AR A

o] AP EAY AT YH ol EaF ZAFZHE 20104

19 1¥95E 20204 129 31L7HA 9] gF3HA] 240t 4

12
3}

4442785 3o =2 slch 5 71 ot Addista %
el Lotx| ol S #2) 75,2752 tiAFo 2 St

2. 17 e

AAE A8 E AlZgtsto] Hlole7L 710l 9l E4E T

o]

Z|

m
se

se

otatgict. dlolele] WE Fo] YA ke Aol ol
B W3 Y F 2a9se Bajo] A AAdR BE

FAck FAlt AR S 2te AAIG Azl 480k HiE
Q1 47kA] Byl 27138 2t B3 (Autoregressive error
odel), Winters A2 24> H&H(Winters’ multiplicative
asonal model), £H#A ARIMA 2§ (Multiplicative
asonal ARIMA model), E3l%#ol 23t ARIMA 222§
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STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6
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. . . oCcc (2020 based on
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Fig. 1. Time series modeling procedure.
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Fig. 2. The time series graph of the number of births. (A) The original time series graph, (B) Graph after log transformation.

Table 1. The parameter estimation and residual analysis of the number of births

Autoregressive Winters’ multiplicative Multiplicative seasonal Decomposition ARIMA
error model seasonal model ARIMA model model-MA (1)
SSE 183919.43 252300.10 235556.58 194892.78
Portmanteau Test Fit the model Fit the model Fit the model Fit the model

SSE = Sum of squared error.
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Table 2. The results of autoregressive error model of the num- Table 3. Comparison of predicted and actual value of the num-
ber of births ber of births in 2020
Variable Coefficient pvalue Predicted value 95% Cl Actual value
(Constant) -0.005 <0.0001 January 786.79 (714.88 - 865.93) 694
January 7.302 <0.0001 February 682.86 (60994 - 76450) 610
February 7144 <0.0001 Malich T734.47 (651.97 - 827.41) 662
March 7297 <0.0001 April 698.94 (614.87-794.51) 613
porl - 0.0001 May 674.15 (588.65 - 772.08) 603
<
ri ' ' 2 June 644.51 (550.89-741.92) 583
May 1138 <0.0001 R'=1.000 July 67524 (583.98-780.77) 607
f D2
June 1.094 <0.0001  AdjR'=0.999 August 677.27 (583.46 - 786.18) 603
July 7.142 <0.0001 September 701.49 (602.36 - 816.93) 638
August 7.146 <0.0001 October 695.78 (595.79 - 812.54) 601
September 7.183 <0.0001 November 636.85 (544.02 - 745.51) 540
October 7.176 <0.0001 December 583.42 (497.30 - 684.45) 564
December 7.005 <0.0001
Birth
1500
1400
1300
1200
1100
1000
900
800
700
600 \
500
400 T T T LI | L T T LI T T T T L | LI T T T T T T T T T T T T T T T T T T T T T T T T T T
2010 011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Date

PLOT eee Bjth #"# zhat - [ci95 W49 yci%s

In (birth) = -0.005%¢ + 7.30%1,, + 7.14%1,, + 7.23*%[, + T.18*], + 7.14*I ; + 7.09*[,

+ T4+ TA5% g + 7181, + TA8*] o+ 7.09%],,, + 7.01%],, + e,

Fig. 3. The graph of the number of births forecasting for 12 months and final expected model.
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Fig. 4. The original time series graph of the number of outpatients.

Table 4. The parameter estimation and residual analysis of the number of outpatients

T % T T T = T T *T T T [T & 1 1 -©= 7

2015 2016 2017 2018 2019

2020

Autoregressive Winters’ multiplicative Multiplicative seasonal Decomposition ARIMA
error model seasonal model ARIMA model model
SSE 189114.98 295263.95 - -
Portmanteau Test Fit the model Fit the model Not fit the model Not fit the model

SSE = Sum of squared error.
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Table 5. The results of autoregressive error model of the num-

ber of outpatients

Visit
900

800
700
600

500 \

400

SN SO S S S S S S N S S S P S S S N B S S S S S S S S S S S R S S S S S S S S S S S S — —

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Date

PLOT eee Vit APR zhat &=k 095 W& (%5

Visit, = 0.549%¢ + 666.5*I,, + 573.2%I,, + 483.1*I,, + 486.7%I,, + 507.4*I 5 + 468.9%I,
+578.5%1,, + T07.5%I,, + 489.5%1,, + 496 3*1,,, + 481.0%],, + 484.8%],, + ¢,

Fig. 5. The graph of the number of births forecasting for 12 months and final expected model.

ber of outpatients in 2020

Table 6. Comparison of predicted and actual value of the num-

Variable Coefficient p value Predicted value 95% Cl Actual value
(Constant) -0.549 0.009 January 745.07 (654.70 - 835.45) 684
January 666.506 <0.0001 February 664.34 (573.96-754.72) 594
February 573.192 <0.0001 March 543.13 (452.79 - 633.48) 588
March 483.131 <0.0001 April 549.44 (456.16 - 642.72) 611
April 486.652 <0.0001 May 578.78 (481.55-676.02) 613
May 507.353 <0.0001 R*=0.995 June 530.75 (433.50-628.01) 595
June 468.928 <0.0001 Adj.R’=0.984 July 646.94 (545.82 - 748.06) 500
July 578.520 <0.0001 August 778.27 (676.03 - 880.51) 584
August 707.498 <0.0001 September 546.03 (443.20 - 648.83) 642
September 489.506 <0.0001 October 564.17 (460.35-667.99) 566
October 496.349 <0.0001 November 550.09 (446.29 - 653.89) 510
November 481.006 <0.0001 December 546.16 (442.06 - 650.26) 562
December 484.848 <0.0001 Mean 603.59 (505.53 - 701.66) 587
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