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Improved Waiting Time Estimation Algorithm for Outpatient’s Arrival Planning

suN5 m3adlal uag U8 AuRAsIIIUNG?

12 gng i naluladfnavia AugANeAEns urineaukula

Thanakorn Throngjai' and Nasi Tantitharanukul?
Email: ! thanakorn.ttdn@gmail.com, “nasi@mju.ac.th
2 Department of Digital Technology Innovation, Faculty of Science,

Maejo University

Abstract

When a pandemic occurs, many people come to the hospital at the same time.
This caused congestion and infections in the outpatient department. In the research of
Tantitharanukul et al., (2018), the waiting time estimation (WTE) algorithm was proposed.
It is based on queuing theory to estimate the waiting time for the outpatients to plan their
arrival. It can help to decrease the congestion of outpatients waiting in a queue at the
outpatient department.

However, the WTE algorithm does not perform well under some constraints, such
as when the patient arrival rate is greater than or equal to the service rate. Thus, in this
work, we improved the WTE algorithm. The result shows that the improved algorithm can
estimate the waiting time closer to the actual waiting time than the WTE algorithm in
3,945 cases from 5,491 cases, this is 71.84% that the improved algorithm can overcome
the WTE algorithm. The summation of the errors of the proposed algorithm is 536,454
minutes less than the WTE algorithm.

Keywords: Outpatient Department, Queueing, Waiting Time Estimation
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nmaNadIeiy Tuauifeues Tantitharanukul et al., (2018) H33elalauedane3iiy
WTE (Waiting Time Estimation Algorithm) Lﬁaﬂizmmmmmiafiau%lﬁwmmwélﬁaﬁﬂw
Wumnandsuundvasuen  natlag Tnedanediy WTE feguuiiugiuvemguiunines 3

o

WhsuuimsanunsalddeyanaiussananisaenaiiiionanudFuusmslugimissegia

@32

sorlel syl eldnaegiununitieuentiosas Freanninunedavesitiels egnslshnny
danesfiudenandildansaviaulidluuisdedidald wu nsdiidnsinisuivesivieien
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i
Va v =X A

adinenansidusiu daluIdeddiunfniavsulswseansninvesdanesiiu WTE Tiavu lae
Idauesnisnisusuuenenandbiluauided
2. mgUuszasd

UFuusauseaninmdanasiiu WTE (Tantitharanukul et al., 2018) ten15uszananis

T28ELIA130VBENABINMATITUNMTUINISVOILTINEIUS o ukungUeuen

3. NEYNNEITaILaTNIIATIANBNET
3.1. 93AUTZNIUVBILIADE
A a & a o & PR Aa o |
waABEUIAY (Queue) WudsiaunsanuiulanlUluiiinuszd1iu Wy n1ssensy
iednszRulusuazandaduiu lngszuuunines (Queueing System) Auinduilodidnu
Usnisiunesesumstiusmsualugisiantugiiusnisiianunsalvusnisialuiui Javili

\AinN1570T09gNATAYY FaszuuunineeUsenauluimeasrusenaudifgmieg Asnmdg 1

Queueing System |

=3 — BN B —

i § ] i
AN 1 29AUIENDUVDILDIABY

1. gnAVFINFUUINT (Customers): ABRIIAINABINTSIUNFUUTNNT

2. wiine/giusnTg (Servers): WugliusnisiugnAn/dunsuuinis
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3. wn3rARy (Queue): WBANANYINT & IAbUINISUAvMEU U lTuTN1sdaldanuise

Tusmagduntvadle ginandsieseglunmeeeiiiesesuuinig wazidlognAlasunisusnis

Y

w@5adu gnanaglasuaniug “lasunisuinisuds” nieudusenluainszuuunines

3.2. MSAATIEALOIADY

o [ L4

3.2.1.8e1ukardyanyal

n

= IuugnAeglussuy

p = ANUMUILULYBITEUY

L = 3nnunifsvegnalusyuy

Ly = dnnuadevesgnaiselunniney

= szeznanaiengnAldluszuy

W, = svpznaadeignanlilunniney

N

= Innwevglruinisluszuy

@andu 1 nsdifivesusnsveaden)

Uy = onsnsiiuinisiaeladsvesssuulloluszuudl

anA1eg n Ay
Y Y

P, = anuiazduiiszuuliiing

B, = enwihanuiiesligndn n ausglussuy

Py = enaniesduiilifigndneglusyuy

Ap = Sasmadnuiadevesgnan wWislusyuudl

anA1eg n AU
Y Y

A = 9TIMISINSUUSANS &l RAMIUSAIT &l LA kavian

q

wila@alinsintunuuguuaziinisnszanadwuutg

%89 (Poisson)

3.2.2. MSYNIUYDITEUULIBLNNAN1IEAIH
\WesruuumIneefiiindusreznilaaziinganneasiiunefaulliednsnisuves
anATbuTEUY A, wardnsnsiiusmsiugnAluseuy w, dAmeilunnel n e n=101.2,..

wausnlignsvesdniia (Little’s Formula) e uwinasingg luumeseld Usznausag

()
+ C'(l——ci“)

-1

i [

! d ! — 1
e auhazlufiasliifignegluszuu Py = [ X520 =

)

n=0 n

_ o)

e uluALTRsanAmsolulAey L, = ———P,
v 4  ci(1-p)
1 A
© AN URUILUUVDITZUY p=2-,p<1
= % L
® 5zuzLIANRAEYRINAT UL IABY w, =

F1 W, wgnihlldiieyszanansededn WegnAndiunlussuy o antiug

gnmazdessewuiladaglasunisuinig
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3.3. MIATINBNATT

lusu3T803 Komashie et al. (2015) ladin1simuguwuunisuseilivaudianela
vosthouazninaulaglivguiuanos Inednunarudiiussninanudfionelavesiiiae 3
seiuaufianelassiatudonarliuinislugaueilndidesturdorindunarlunsliuinng
934 Inefnanseasslndidesiuvdeniiunaiifasaald

Tantitharanukul et al. (2018) litaues2uUN15UT2UIUNITIAITBAINTUNITI
uHuNTINFeveaiae A usungtisuen iieanmnuuedavesiifioinsidifunisinuiuazan
ﬂ']iLLWi'mzmstuaqL%@IiﬂﬁLﬁmmﬂmmuaé’mawgﬂ’w %Qizwﬁmdns?’f’qagjuué’aﬂa%ﬁmma
U551N0N151287150 T HAILIINNOURAIABY ANWANNTNARBINUINTTUVAINTIUTZINMANT

nanselalndifgaiunaisessunnnidanesiussuiiunaeguuiuguresrLafeianis

4. F5AAUNIT
5.1 38A AU
5.1.1 Tunudeyanisiiniuuinisvesidiguaziianeilasaasianishiuinisves
v ) P a v P v A ~ ~ )
wungUguen danmi 2 tnesuanngUlsandsunungtisuen s a9l 1 iieamzidounazdn
nyaslsnlugan 2 wadinselugen 3 andudnyssuseifuazsvasidunainistelugedl 4
a Y o Y wa o S = v & a ~ A
LaEse & 9991 5 uadsulenatsn1stnuseiRluge 6 ntuIuTmuwInNg Tugen 7 Fulle
2 & S v v | Y] A = ) a A P Y A )
@SaduINgetnaUisenagnasludaunundurselusesuen s 9av 8 esardmtisensu
gnlugail 9 Wektlelasugnagaugansyuiunsniavun

TngnuidellagyssanaunsiasenausgUieidnun a 9a9 1 audsneunuwnglugai 7

= ~n
7]

— A . — r
_’\ﬂqﬂ mp QL _,i&g--b_% & & & g.-) %!
History taking / w @J Il oIl o Ib o ab o3l w

Waiting patients
&P Physical examination  wyiting pati Doc:

‘3-

si?,

Discharge
(go to Pharmacy or other processes)

Ci Itation / Treatment

g -

[2] s ¢
Registration @Ji_;/, i_;ll ~.27".
1 Pharmacy
n
1 el

New patients

A 2 TassafanstauimslusnungUleuen

Discharge
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51.2  vhenuazemteyailasunaziuiinteyaidndgiuteya Inetayaiiugiunlyd

Uszneudie seawiansedss wiudilsieglusniresuasdiuiugiisieglussuy WWusu

ganasnui 1: MIUTTUIUNITIZELLIA158 (Waiting Time Estimation : WTE)

INPUT: interval, number of arrived patients, number of served patients.
OUTPUT: The average time a patient spends waiting in the queue.

1: WHILE running = true DO

2 IF interval is not the first interval THEN

3 IF interval is changed to a new interval THEN

4: Calculate A = number of arrived from the last interval.
5: Calculate 4 = number of served from the last interval / 60.
6: IF u =0 THEN

7 (@ = the last y that it is more than 0.
8: END IF

9: Update A and u .

10: END IF

11: Calculate P,

12: Calculate L.

13: Calculate W .

14: RETURN Estimated waiting time, W .

15: ELSE

16: p = p from the training dataset.

17: A = A from the training dataset.

18: Calculate P,

19: Calculate L.

20: Calculate W

21: RETURN Estimated waiting time, W .

22: ENDIF

23: END WHILE

51.3  Awsgiwasyiuleussansnmuesdanasiiy WTE 94 Tantitharanukul et al.

(2018) 91ndanesfiuil 1: WTE aziiuinidanesiiugneenuuulimuwinninuiisduiiaglad

anAegluszuu (Py) wazinuiundevesgnanseluunines (L,) emssezianaieiignanld
Tuuaimee (W) lager W, azgniilguiednuiugnaiegluunineeiavuaiieussinung
sruzlIa1sevesUienouniaznuunmg laednsinsidlduinisuagdninisliuinisaegn

Awndninng 1 alus wazldiludoyadssiulunisussnansnanselutlusiall dsnmd 3
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Calculate : Calculate : Calculate : Calculate :
Py, Lg, Wq Py, Lg Wq Py, Lg Wg Py, Lg, Wg

Hour : 1 Hour: 2 Hour: 3 Hour : 4 Hour : 5
~_ ~_ ~_ - ~_

New arrival rate New arrival rate New arrival rate New arrival rate
New service rate New service rate New service rate New service rate

AW 3 SnwrNISAUIAYRIDanas TN luLmAars1897Lua

Ya v A

NFANBINUN 1: WTE i]1dgduwuaniiazusulssdunauisaindanainudainailv
Yaa X & | 1
A11150U52UNUNNSAN50 bR DTN wUTY 2 du sl
1. WAgUTUARUAS IUNISANUIUMI “DRSINTITIAUIANS” TINHIUNITANUIUAIDAT
mﬂﬁu‘%miﬁuf\]ﬂ%’ﬁi”m’mﬁlﬁ%’w%mﬂuﬂiwL’Jmﬂ'awﬁ’]mLﬁué'mwmﬂﬁu‘%mﬂmmLam
falU #9010 4 1aeRnsaunaLAazyd NN AINUAAD 1 921u9 HuAad LN 2 azldonsinis

Wiusnisandalued 1 Falawviriv 6 ausedalus wieldlunisawinmen W, wall

Served = 6 Served = 10 Served = 11 Served =7

Hour : 1 Hour: 2 Hour: 3 Hour : 4 Hour: 5

service rate = 6 service rate = 10 service rate = 11 service rate = 7

AN 4 LEAASISNNITAIWIUDATINISIAUSNSLUDANIAUN 1: WTE

WAINN1IATIvERUTYaNsIuIMslagazBuanyudl dvanediaiainin1sliusnig
=Y ! Aoy ! Y a ' Y a o S & Y a
i@3adunaunsouiafaeld W ludalued 1 aenuinisliusnisms 6 asadu gliuinisens

Tusnsiasadunielu 20 uinsnvesnsaunailasludaddinandy 1 Falug fanInd 5

Served Served

Served  Served Served  Served
I 60 minutes |

I— 20 minutes I 20 minutes : 20 minutes 4'

d’ U 1 Y a a dl a é’ 1
A9 5 fegnsnslrusnisasisnaindulalulnagnsouian
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nnsddananaziuiliuinisidnsawlunisuinsninnii 6 ausodalus
{AdeTaRnizAsugUuuunsiuasnsnsliEnslyl Tnedwnanaiedsvesszznan
mslusnisiiAnduasauny fanmi 6 Ansliusnisiinvuuiuiosainivenedediuinng
dlothszezianaidlunsiiumsumanadvazldsnsinisiusnis (8+5+5+4+41048)/6 = 6

Y17RDAU 1139 10 AURDTILLY ANSIINPUALADMNTINITIAUSNNSLINES 6 AURDTLIY

Served

5 minutes
Served Served Served
r—— |—| L
4 minutes 4 minutes 8 minutes
Served Served
5 minutes 10 minutes
| 20 minutes |

AN 6 FIBE19NSIAUINITASINNNATULA lULFAaENTDULIAN

2. MSI9@UNTANDaNaSAUN 1: WTE luausamuiusseznalsabsag1aunfou
WIBIU1INTBINNANAMAFIEAST MUN1SUTEUIANAVDIDANDINUNITATUIUMTIUIULRABUDS
anAnfiseluuniney (Ly) Wag AMUrUILILYeITEUU (p) dullaudidgyeg1auinson1smian

NN5UTZUIUNITTLELLIATD LAeT

A
p—a,p<1 e Lq—mpo
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(Improved Waiting Time Estimation : IWTE)

INPUT: interval, number of arrived patients, number of served patients.
OUTPUT: The average time a patient spends waiting in the queue.

1: WHILE running = true DO

2: IF interval is not the first interval THEN

3: IF interval is changed to a new interval THEN

4: Calculate A = number of arrived from the last interval.
5: Calculate i = actual service time from the last interval / number of served.
6: IF t =0 OR u <= A THEN

7: it = u from the training dataset.
8: A=A from the training dataset.
O: END IF

10: Update A and p .

11: END IF

12: Calculate P,

13: Calculate L.

14: Calculate W,

15: RETURN Estimated waiting time, W,

16: ELSE

17: it = i from the training dataset.

18: A = A from the training dataset.

19: Calculate P,

20: Calculate L.

21: Calculate W.

22: RETURN Estimated waiting time, W,

23: ENDIF

24: END WHILE



sarsuilamalulagaisaumanasuinnssy YA 9 adui 1 unsiau - dquisu 2566

10

5.2 YULUALAENGUUTEYING
AAdelaiusiunudeyanisdnsunisuinmsvesdiieanuaungUisuenvadlsangiuia
1 uiie (iilamede) luwndwmindodu Jsemedlne 24 Fluadunat 3 Weu (hangiau fa
fugiou w.a. 2560) lnsdeyaldeunsngiauliifiefouduazairsuuudians uazdoyaiiou

Aamaukaziugeuldiiianisvedausanasiy

5. Wan1sAN®E"

nsUssilunaansilaandane3iy WTE wagdanaiiy IWTE aglddoyanmsitnuuing
TuurungUlguen Yaasieu dunau fa Augieu we. 2560 lngnaansanunsauanslassil

a Y N3 a a a v Y o A

e 7 i RunansssesianseasangUiglilunisse Wdudvdewansszeziaan
a v 1) ac o Y a
AUTLUIUNITTLELLIAITONILANDITIUT 1: WTE Lasldudanuanaseaziiannussunainisg
JEELIANTRMILTANEINNN 2: IWTE Usenaumeriinsun1susnisninsunmddnuam 5,491 Ay

= a <, a
P95 8LNIATOUNUIGLUUUN

Waiting
time

4000

3000

Minutes

2000

1000

1 + + + y + + +
Week: 1 Week: 2 Week: 3 Week: 4 Week: 5 Week: 6 Week: 7 Week: 8 Week: 9

X-Axis is 1-5491 patients in August - September, 2017

== ‘Actual time WTE = |WTE

AN 7 NSUTEUIUNNTTLELIATOVDINIADIDANDS NN UN UL E LIRSS



Mmsarsutlimaluladansaumanazuinnssy U 9 aduil 1 unsiay - fquisu 2566

PNUuITEleUSEUTEUNANITUTEINUNTIANTEVRIBANDSTINN 1 Wag 2 fuTeeslIan
59939 ynNad1svesdanesiulada1desnitavladn danesiuarunsauseuiunisaaisela

TnALA9sEe2Ia1599590INAIN NAGNSINV9NUA 5,491 N5l 1ad1 danasyiud 2 J5e8arns

UszanaunsialnaLAgeiuansaasIuINNIeaNas NN 1 kandlasanisen 1

M19197 1 wanstoyan1sUTeuiisuNadngn1sUsERNuN15danesiug 1 uasdanesiui 2

AsEMAnIINANTUSELNAINISLIEN S1uAss Sovay
Sanesfiud 1 aunsaUszananisnansolalndifsnin 1,444 26.30
Sanesiiudl 2 aunsauszananisanselalngisani 3,945 71.84
Sane3fiudl 1 wazsane3fiudl 2 Uszunansnasslawindu 102 1.86
Sanesiiudl 1 Ussnansianselénsaiussesinansoass 15 0.27
Sane3fiudl 2 Uszunansnanselansaiuszeiatsoass 24 0.49

TUAIUYDINAN1ITEMI 9T 8EIANTONUTEUIUNIT IR AINDBNDTNUNUTLELLIA1TD34

Y d' q" =3 2 [ a [ a = Ql'
AN01500AALAFINITINN 2 BIaziUlaI1 ANAURANAIAANNAISUTEUIUNITVDIDANDITNUN 2
Yo8N11AIAINURANAIAIINNITUTLUIUNITIANITNN 1 1Tusg19u1n wazALad8La15e?
U521UNNS I ANNDANDINULANIAIAIT N 3 TIANLRALIAITDINNUIZUIUNITINNDANDINUN 2

TnalAeenuALRANANTRITININNINTANDIAUN 1

a v a a v & o ax o o a= o
M99 2 LLﬁ@QGU@%aﬂrﬁLﬂichUL‘V]EJ‘UN@aWﬁﬂ']TUﬁ%lI']mﬂ’]ﬁ@aﬂ@ﬁmlﬁﬂ 1 LLaganasnun 2

USELNNVDIHAFS Va1 (W)
NAIUVDINARITENINIATITODT AL IANUTLUIUNITINNDANDTAUT 1 1,033,312
NASINVDINAR1NTEIINGIANTBITIALLIANUTLUIUNITIINDANDI NN 2 496,858

a v ! = a v ) a= o Y] a= o
A1919N 3 LLa@QGU@%aﬁ']LﬂaEJGUENLjaqiamﬂigﬂqi]Jﬂq{L@ﬁnﬂ@aﬂ@ﬁcl/]lﬁ/] 1 Lagaanasnum 2

Aade a1se (W) Aaae ()
Adunansedia 177,831 32.382
ANRABANTONUSENNAINNT SanasTuT 1 1,212,199 220.761 (i SD = 358.64)
ﬂ'ﬁLaﬁ&mmsammﬁxmmmi Sane3Tiud 2 719,073 130.954 (17‘i SD =130.59)




sarsudldwmaluladaisawnmwazuinnssy U7 9 adud 1 unsiay - Jquisu 2566

12

6. djUunauazanusiena
95197 11w 5,491 nsdl nsdifisane3find 1 Usvsnansnanselddnin 1,444 pdq
Aoy 26 Woddud varisanesiiud 2 anunsaUseanaimsnaseldnnings 3,945 ads Ay
72 Wesidud iuldindanesiiud 2 aunsaUszuiunisszesatselalndifesiuauesa
wnndane3iiudl 1 Tushsduiinnnisdosas 72 de 26 uazdane3iiud 2 FiawnsaUssuna
MIIANsERTNERTUSEBLIA15093 s uILINANITane3Tiudl 1 Bnene
uenanidledineiteyatarnadnainaised 2 swuin 9nguaeiianun 5,491 ey
SanesTiudl 2 UssananisszesnaiseRanaintiosnitsanesiiudl 1 8 536,454 und
MnwanIsnaesazUldindanedfiy IWTE fifmunduiivssansamiinindanasfiu WTE
Tun1sUsEINaNTssEzasafiodTuU NI INIINISLImE o wunFUganvadlsmeIUa
Lﬁaamﬂlumzmumm&aLwi;’jﬂwﬁwmﬁﬂ a UHUNEYUIEEeNAULATUNITUTNIINITATIA
fulnsunndasiivanenssuiunisgesvatenssurunsmelutiv %amaﬁmisammﬁﬂamﬁﬂﬁu
Tuwmagnszulunsy e é’Qﬁu;ﬁf\TﬁNﬁ%’aLauaLLuzLdej:‘ﬁ'auiamammmﬁwmmaammi
Usznainsanseliuiugrddulnetiennssuiunstossne matunins s issesiaanse
Tnouazidoauazldsamlunisussunanisnaise lun wsinvesnssuiumsnanusldlusuian
wanNHenadEIsamuLImINsTnUsEans nnuessanesiudaeiaaue weaunsadla
Useansnmuessanesiuldvainanedfuiniy %wzLﬂu%’azﬂaﬁﬁﬁﬁhaiumiﬁmﬁu%ﬁw
danosiulUlelimnsaunuaula

a a

7. naRnIsuUsLNIA

2
o a v Y] 1 v v

ATeidSaslddIdeveveununisatvayuanmiieddeuinnssuAdiadanies
AEINEIANERS U INeNdewld saudalsaneuIakazi I ntNRTnetadlun1sAIEUNITIAY

o A Ao a5
Poyareldlunsidey un o Nl

8. LaN&1591994
Komashie, A. Mousavi, P. J. Clarkson, and T. Young. (2015). An Integrated Model of Patient
and Staff Satisfaction Using Queuing Theory. IEEE Journal of Translational Engineering

in Health and Medicine. 3: 1-10.



Mmsarsutlimaluladansaumanazuinnssy U 9 aduil 1 unsiay - fquisu 2566

Tantitharanukul, N., & Throngjai, T. (2018, February). Waiting time estimation system for
outpatient's arrival planning. In 2018 International Conference on Digital Arts, Media
and Technology (ICDAMT). (pp. 207-212). |EEE.

World Health Organization. (2021). Advice for the public: Coronavirus disease (COVID-
19). Retrieved 5 October 2021 from https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/advice-for-public

World Health Organization. (2022). Coronavirus disease (COVID-19): How is it
transmitted. Retrieved 10 January 2022 from https://www.who.int/news-

room/questions-and-answers/item/coronavirus-disease-covid-19-how-is-it-transmitted



sarsudldwmaluladaisawnmwazuinnssy U7 9 adud 1 unsiay - Jquisu 2566

Received: 20 #.A. 2565 Revised: 8 n.8. 2565 Accepted: 24 w.g. 2565
s fdiadRviAln1viauig i umalulagnisseuiuuuiaiouass inadauass

amdneainsiiaufneunainisieaiisudeTausseu
ludaninnssunsaAsaysen
The Development of digital video media on tourism through virtual learning
reality technology to enhance the image of a field trip to cultural tourism sites
in Phra Nakhon Si Ayutthaya Province
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Phongsakorn Rungkamjud, Nattaphon Rampai, Sutithep Siripipattanakul
Technology and Communication Education Program, Faculty of Education

Kasetsart University

Abstract

The objectives of this quasi-experimental research are: (1) to develop digital
video tourism media through virtual learning technology to promote the appropriate
and effective image of cultural tourism in Phra Nakhon Si Ayutthaya, Thailand Province
according. (2) to study the image of the learner towards the cultural tourism: (3) to
study the learning achievement and pre-study of the learners with digital video tourism
media via virtual learning technology. (4) to study the satisfaction of learners towards
digital video tourism media via virtual learning technology with the development of
digital video tourism media through virtual learning technology in 360-degree virtual
tour (Virtual Tour) which is an alternative way to develop digital video media to be
consistent with technology and current situation in order to promote knowledge and
attitude for students to become more interested in learning.

The target group for this research will be selected by a cluster sampling of 30
learners. The tools used in the research are: (1) an activity plan of digital video learning:
(2) a digital video tourism media: (3) pre-test and post-test: (4) an achievement test:

(5) a visual assessment of cultural tourism site trips: and (6) a student satisfaction

14
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questionnaire. The data is analyzed by using statistics such as percentage, mean and
standard deviation.

The results of the research are summarized as follows: (1) digital video media

overall quality score is at a very good level X 4.67 and the media efficiency is
81.77/84.00: (2) learners who studied with digital video media have higher academic
achievement score than pre-study test at .05 statistical level: (3) the effectiveness

index is 0.70 which shown that the learners increased more knowledge: (4) the

student’s satisfaction with the digital video media is high, the total mean X 4.67 and
has 0.54 with a standard deviation (S.D.) 0.54

Keywords: Digital video, Tourism image, Virtual Reality, Virtual Tour,
360-degree video
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Development of Graphic Design Skills using Metaverse Presentation for

Secondary School Students
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Abstract

The objectives of this experimental research were to: 1) compare the graphic
design skills scores of students using metaverse presentation with criteria of 75% and
2) study the students’ satisfaction with the graphic design skill development activities
using the metaverse presentation. The sample group used in this research were 30
Mathayomsuksa 3 students at Pratuchai School, Phranakhon Si Ayutthaya Province by
using a simple random sampling method. The research instruments consisted of 1)
student development project, 2) activity plan, 3) graphic design skills assessment form,
and 4) satisfaction questionnaire. The statistics used in the data analysis were mean,
standard deviation, and t-test.

The results showed that 1) students’ graphic design skills using metaverse
presentation were 75% higher than the criteria at .05 level, and 2) students’ overall
satisfaction with the graphic design skill development activities using metaverse

presentation were at a high level, with a mean of 4.49 and a standard deviation of 0.59.

Keywords: Graphic Design Skills, Metaverse, Student Development Program
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The Time Reduction in the Borrowing-Returning Process of Project Books with

Google Applications

WsAs Avent 1903 Yumdng! 03 Fuhiun? waginss a19ises’

tanuivienssuladafnduasinalulaguuds angdmnssueaniuasinalulaganamnssy

s

UWNNYIRYNIWEUG

]

2 @3 IAINTTUABN LMD IUAL SEUUBNLUIR Anlgdmnssumansuasinalulaganavngsy

UINGRENIWAUS

Pornsiri Khumla®, Warakorn Pansap', Phoori Chantima? and Kamthorn Sarawan?

! Department of Logistics Engineering and Transportation Technology, Faculty of

Engineering and Industrial Technology, Kalasin University

% Department of Computer and Automation Engineering, Faculty of Engineering and

Industrial Technology, Kalasin University

Abstract

This research aimed to study the process of borrowing and returning project books
and provide guidelines for improving them. This study was conducted at Kalasin
University's logistics engineering and transportation technology department, which is part
of the engineering and industrial technology faculty. An information technology system
consisting of a Google form, a Google sheet, an Apps script, and Google Data Studio is

proposed to improve the procedure and reduction time. The usage of information
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technology systems combined with the visual control concept can significantly reduce
time. Techniques from work studies are utilized to analyze issues. As a result of the work
improvement, the new process steps were reduced from 6 steps to 4 steps. Operating
time was reduced from 221.24 seconds to 135.85 seconds or 85.39 seconds; the reduction
in operation time is 38.60%. It can be concluded that the process of borrowing and

returning project books can be improved with the new system.

Keywords: On-line Borrowing-Returning System, Google Applications, Work Studly,

Visual Control
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nsutsnszurumMsvhaueesnifuduseusuges udunaluuiaziudes Tasfunailuns

71197%U 10 59U NTUANUIUMIAILRALVDILIAINITYINGIU

Fommilunasnuidedaldimdnmsfnnausasmsfinunatluussgndldity
N15USUUTINTEUIUNITANS WU N15UTUUTIUSEANTAINNTEUIUNSHEAANEIY (WSAS A
wavANY, 2564) N15USVUTIUTEANS ANz UIUNIINANIIEA (Y TuNul wagiysnay
NINGAIUY Y, 2563) MIauIUTEENTAmNTTUIUAITHARNIBNLIEElTIUEAEINNTTY
L%ﬁﬂﬁﬁﬁﬁ]gﬂ (Fnsnqual dusran, 2557) MsUfulgasEdvBammansnsndn uaznsAnwan

a a < aa o 1
iﬂGﬁi']lﬂllﬂﬁ%‘U'JUﬂﬁima@ﬂQUﬂi@NaﬂJLaiﬁ] (W3AT AR hazALUE, 2564)

3.1.3 N13AIUANAIENITUBTY

MsAIUANAEATIDTIU (Visual Control) ilute3asilefitrelunisifiunana
(Productivity) wagldd@mnsudsuuiinseuiun1syinaulagn1sdoma nnIsAIUALALENIT
umLﬁum%"gami?{amimumiuaqLﬁuiugﬂt,wwm q wu Ty dydnuel waud wiewmune
sUn iledeansliiyanaiiAnitosiunuiudilaistoyaiidesnisdeatstuazdaiau vl
anunsaufuRnunazaniivanuldegigniearsanis lunate 9 nuideldnisaivaudienis
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49



sarsudldwmaluladaisawnmwazuinnssy U7 9 adud 1 unsiay - Jquisu 2566

50

ausIATuUNT wazauUa anensei, 2565) warnsiuUsEANSAINN1TIANISAREUAT (algaTTe

AUTIATUNS WATANEY, 2563)

3.1.4 wiAlulad Google Applications

piiakeundedu vise Jagtuusengiialmiausludelniin Google Workspace
(Akcil et al,, 2021) \JugalUsunsuUIZIIANALUUAATIA d1saLANUTZANS ANATYITLLES
nsausuiy gldnudesihnsadasaundniverdlduinisvesgiia Jagduidlvuiniswuy

W3 wazhuut1sEAIUINS FuegiugUiuuiasuiunavenisldau ddluyalusunsudsznauly

Y Y

a A

Arglusunsunvimiiwansneaiuly wu gifialas (Orive) dmsuiiutaya uiadn (Sheets)

Y Y

dusunumaedunadeya nianesy (Forms) dmsuuuunesunsenteya uwasdalliuayansus

a o ¥ 1

(Apps Script) (Ferreira, 2014) Mvinu7iUszuranan1sinauliunazlusinsuaInnsavineu

'
a a a

UszausawiuldegaivszAnsamfiuanndu uasdiiudinisednaluladveaniiaun
UszgndliilorinuszanSaimnisviianu wu nsusegndldgiiadvlunisuimsauussana
(tendnwal awny uazamz, 2564) ALl U TANUAuUYsTIAiieg sedlediiuadi
Uuinuldedns azain sim57 wazdusednsain gusmisaiuisansiaaeunisidn-ane
sudsgnandieltlunsdndulaliegraiud wazannsAnuduaiivesdsedanudiaiunsa
Uszynaldmalulagdvasniia (Petrovie et al, 2020; 35aWa JUNTaYA, 2564) Lﬁ@ﬂ%’uﬂqq

AszUINIUMSINUleegnafiuseansaw

3.2 A niung
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v vYa

MAFTelavimMfnwnariesgissuunuuiiovnsfinnlym uaziiaue
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3.2.2 NMT98ALUUTEUUNULAL
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Tulnd Worksheet azUsznaunas 3 I laun Ivmdnld@e Booklists vinminiiiudoyaia

v o v v [
a a 6 o (% IS a (Y (%

USeyayrilnusiavun Uayasnuvestniusznaunisyeliod wagduiuaunidvianun sIum9

g 7]

A o

FIUIUNITTN ITUIUNITAY LAZINUIUEUALAFDN L INNNNTUTLUIINAVDILAREIIENNS hazdl
8n 2 @ Neglu Worksheet inenduildiiusedeauuyarinusninisdu-Au fe 4n 57e075
g1 wag In 7187713AY Leeiilerldvinnstu-Au irukuulesy Jeyadelsesszgniiuluinsiens
™ = = o W PN v & o a . a sU o o o A
g3 wardnsien1sAumuaInU tnenluasduy du va9tn Booklists a¢iHeaNtuua1LIUTBLI 4
= P A o o a ! M o ¢ A = . a
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& A dl' = [ 6 A a0 1 o = dl' ‘:l'
wUUBsUAY Anudauly Ao MNARANUAUARNAIUINNTT 0 AYINN15AIS18NT1STDLS a9l UkanS
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ANTFIYNITYU LARIRINAINN 7
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n

/1 dew formiu S8
var proIteml =[];
var datal = wsData.getDataRange().getValues();
var iteml = forml.getItemById(1129713286);

for (var i = 1; i < datal.length; i++) {

if(data1[i][5] = '@') {
proIteml.push(datal[i][8]);

}

niasdaya

}

iteml.asMultipleChoiceItem().setChoiceValues(proIteml);

' ' AT 8 Dashboard uansadfnisBu-Au
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M1519% 1 WisuiiguavestunsunstuiauUsygriinusieunaznaaUSuuse (miigiund)

DAY

Tumauuazaa (feuuiuus) Tumpuuazina (Misiulse)
fdu | dumeumstiu | doydnwal | a0 Tuppumsty | dydnwal | e
\de lnde
1 AUMIUS Qe O 60.38 | AUMUSYE NG O 32.13
Tnusuagvduiay waznBuLaL
2 Wuanduanluds 6.55 | NTONLUUNDINNIT Q 45.66
Weasede If‘> BURIUTEUY
3 Jeude ady Q 60.07
wazdedes
73413870 TEUIUNITEN NOUUTUUFI 127.00 | 5244387032 UUNI5EN 9183 77.79
Usuugy

a ~ =~ & a ' a a 61 v W I a ~
MA1919N 2 LU?E’JUW]'EJUL’Ja']GUENSUUWEJUﬂqiﬂuLamﬂimquJﬂUWUﬁﬂQULLagﬁaﬂﬂi‘UUEQ (13UYIUN)

Tumauuaziam (fouuiuuse) TumaunaziIm (MAsUFuUge)
fdu | Yumounsiu | dudnwal | a0 Juneumsay | dadnwal |
\ndy \de
1 Wnilsdely |:> 29.59 | thwisdeludaiiud |:> 35.89
Fonfuituang Funennana
2 Wuanduansly 541 | N3ONLUUNBIUNIT 2217
filfivassede |f‘> AUEUTEUY Q
3 Weanauaradiie O 59.24
ALY
TUIANTLVINMMTAN NOUUSUYFS | 94.24 | 594I8INT5UIUNITAY YA 58.06
Usuusa
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A1319% 3 WIguieunaneuySuussiunaediuds

NILUIUNIT LANBUUTUUN | namdwiuue | wanisi3euiisuanas
(Auni) (Auni)

Funsunszuaunsty | 127.00 77.79 49.21 il | 38.75%

JupounszuIunIsAy | 94.24 58.06 36.18 JUW | 38.39%

33U 221.24 135.85 85.39 TNl | 38.60%

4.2 HANTIATIINTEUIUNTHAENTUSUUTS

AINNITEINALALIUIANVDINTLUIUNTDULALAUNUIAD L ULA ALV UNDUITUANUNSN

[
Y ¥ v U

nM3ANEI9UL (Work Study) Tusuddeilldudnnisduinailnensauuuisnisdugn Tnenisduiin

a v

NANVBILAAEATEUIUNTT T

o

N153Ua19WIN 10 s0U NIl 10 Al ANty
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Ao o ) ) A & A P a a P =
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Tumnsneii 1
Tudiurensyuiunsiunisdesuuuuiy (feudsuuse) wiseenilu 3 Juneu Ao N3
o | % [ c{' 5 a 3 [ & d' a d{' = 1 %
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aNade 29.59, 5.41 wag 59.24 Fuil mudnu Wisldsyuulunistu-Aumdusulsnaunse
3 = g.J/ a o v A [ @ Qll gj 2 dl a a
ANTUNBULNED 2 UMDY AB NNSUINTIER lUIRLAUNTUINIM1LLaY g a8 35.89 AU way

A15NTBNLUUNDSUNSAUNUSEUUTEIAMREE 22.17 AU AILEAILLANTIN 2
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a s
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933aNa JuNsayn, 2564; ondnwal aawnu uazans, 2564) ) MUssnaulumenatadiu laun

a ¢ a ¢ v A s A o ] Y o P | i
I Wesu uevanIud wazadnaadle wnuszendiieviusuiulunsiaunszuudy-Auay

(% '
¢ a Y v A

Usyarfinusuuvesulal 8nmadalszendldinaianiuaunisuesiulaenisfinnuig iauiiiui
wnUTeyanus wagldnsfnwauuas@nwinailunszuiunisdunasAunuuplUIsuisuiu
wuulvsl wudnanildlunsdunounisuiudsa 127.00 3unft narldlunsBamdsnsuiuuss
77.79 3unit anas 49.21 Jundt Andufesas 38.75 Wisuiflsusuiuduneunisfudeunns
UsuUsadl 3 duneu ndsnsusuused 2 Suseu anas 1 tumeu Andudesar 33.33 uasnaniild
TunsAuneunsUsudse 94.24 Funit anfildlunisiundsnisuiuuss 58.06 3unfl anas 36.18

il Aadufevay 38.39 Wisuilsudiwiuduneunisaunaun1susuusell 3 Juneu nding

o i
U IS v (%

USUUsadl 2 Tumau anas 1 Tunau Antdusasay 33.33 WasIuTaTURBUANSEULAYTURDUNIS

9

(%

Auanaudsulsindy 221.24 Junil namdausulgavindu 135.85 Juil Anduanaias
Fovaz 38.60 an1ndl 9 aziiuliinnsuszgndldszuvasaumasiniunIsinIsAIuANA Y
MsNeuaNTaUTuURINIEUIuNMsEL-AusensanduneulunszuuNIsHAZaAIA lWIEUY

asle

6. LBNE15919D9

NS5 @139350 WazAnz. (2564). MInaUIsEUUdmsUaaUfiRmusaulal nsaldne

aonUuaaNAn¥1va9sy. 1sanTIvINsUunndy, 11(30), 16-31.



Mmsarsutlimaluladansaumanazuinnssy U 9 aduil 1 unsiay - fquisu 2566

LAUITT NFIA UALDIIANT LAeNA. (2563). nsalUsuNsuNsIAn1sgudeyadmiutuiin
dayan1sgantngesneaTasnaniamasiazaunsal: nsalAnwuienlugnanssy

diannsaiind. 1158715391 INTLIRUNAINSTUASWLE, 30(3), 432-442.

dnsngual Fuszal. (2557). MNaUIUsEENSATWAITUIUNITHEAN1NLIE TSI
gasunssuded1dNI3U nIdiAneIUTEN wassuisu wanlvsdnin. 113ENTININg A

wialuladanaIvngsy uInedesvag a1una, 7(1), 14-25.

lFI3I08 AUTIATUNS wazAL. (2563). MINNUTEENSAINNNTIANITAGIRUA NiANEN

UTEN XXX 0. 215815398hazinIuT U Inendessigay, 15(54), 35-41.

131950 ausIAduMs uazaila grenshl. (2565). N3UTUUTIUsEANSAIWNNTIANIARY
azluadudu nalAne USEN XYZ 9119, 115815398uasiRIu U Iendesvigias,

17(60), 1-8.

s

5ITUANG AELNA. (2564). NMTATUIUNIANIAININTFIUNTVINUVBIWINGU : NIRIANEN

2AENNTINLIWSH. NTaTIneaeladainduavdnnanawsu, 7(1), 14,

WIAT AMAT wazAny. (2564). N13UTUUTIUTENEAMATEUIUMSHAMANEIN NFRlANEN : 159

wrludwmdaniwdug. 1sansivinisimnssumans w.ou, 14(3), 1-9.

WIAS AIMA1 wazAuy. (2564). N1sANEHIANNINTILTUNTZUIUNITHENABUNSANENLESY Hae

nsTualagnse. 13a1539N5 weluladanavnssy, 6(2), 41-51.

Fwinssa Maaudyanau. (2562). msﬁnmmuqmmunssu. Top Publishing.

[y

e Junun wagdsnat nindanuyg. (2563). n13UTUUTIUTEENEAINNTEUIUNISHER
wnda: nsdiAnwlssuludmisayvsusinis. 915a15ImMeIN15INs

UUINYIYEAIUATUNS, 37(2), 58-83.

59



sarsudldwmaluladaisawnmwazuinnssy U7 9 adud 1 unsiay - Jquisu 2566

a a o ! o v v -
auiesi dunalalz LaraTIans inana. (2559). Mnaunlsunsun1sdnnisgiudeyaiivean
naNTEUAUNYaYavaATRINT NIRIANYT UTEMNAALATEIINTanTuTUTansIsY.

MFANTIVINTNTEIDUNAINTLUATNNLB, 26(1), 75-84.

anuivieanssuladannduavinalulaguuds. (2559). UsedRav1dvn. duauile 4 wouaiay

2564. 3710 http://le.eng.ksu.ac.th/

933ONa JuUNTayn. (2564). Google Forms LiNan15383#ae N3aiAnyYT AsAlulatannssy
ANER3 annInenaemalulagsvasnanaunn. 1nsasullimaluladansaumeuas

WIANTSN WWINeaeRdly, 7(2), 24-34.

a330Ma Juniayn. (2564). n15UszEnd Google sheet Wan1sIaNsEna1sdInsUdTineU
= = 4 a (Y = Y
AMURA AuzAlulagAnnTIuAEAT Wi Inerdemalulagsivaeaangamn. 1sansualy

WAlLlagETEUWMARAZWINNTTY WNINeaenila, 7(2), 12-23.

ONANWA ALY WAYANY. (2564). NISHRIUISSUURNAINNISIAYDININALNIT LY

wﬂszmmiﬂﬂgtﬁa%m. Mahidol R2R e-Journal, 8(2), 135-146.

Akcil, U., Uzunboylu, H., & Kinik, E. (2021). Integration of Technology to Learning-
Teaching Processes and Google Workspace Tools: A Literature Review.

Sustainability, 13(9), 5018.

Ferreira, J. (2014). Google Apps Script: Web Application Development Essentials. "
O'Reilly Media, Inc.".

Petrovi¢, N., Roblek, V., Radenkovi¢, M., & Nejkovic, V. (2020). Approach to Rapid
Development of Data-Driven Applications for Smart Cities using AppSheet and
Apps Script. AllIT 2020 International conference on Applied Internet and Information

Technologies.

60



Mmsarsutlimaluladansaumanazuinnssy U 9 aduil 1 unsiay - fquisu 2566

Received: 19 n.4. 2565 Revised: 19 u.a. 2566 Accepted: 23 1.A. 2566

n13eBNLUURIRULUUTTUUNMSUgNEnauAsIngluaIAsyn
Tngldinaluladdumesiinvesasnds
Prototype Design of Vegetable Gardening System for Condominiums by Using
Internet of Things Technology
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Anumas Sangsawang

Information System Major, Faculty of Business Administration

Abstract

This research aimed to 1) investicate the vegetable gardening system for
condominiums, 2) design a prototype of vegetable gardening system for condominiums by
using the Internet of Things Technology, and 3) evaluate the prototype design of vegetable
gardening system for condominiums by using the Internet of Things Technology. The sample
group consisted of 20 experts in information technology. The research instruments were a
prototype of vegetable gardening system for condominiums by using the Internet of Things
Technology and the evaluation form of prototype design. Statistics used in this research
were means and standard deviation. The results showed that the prototype of vegetable
gardening system for condominiums by using the Internet of Things Technology consisted of
two parts, that is, 1) hardware containing data reception and sensor of soil water content
and light intensity, and 2) web application and mobile application showing soil water
content and light intensity, as well as recording the data of soil water content and light
intensity to show historical data. The overall evaluation result of the prototype design of
vegetable gardening system for condominiums by using the Internet of Things Technology
was at a satisfying level (X= 4.01, S.D. = 0.05), which could be explained that the prototype

design was applicable to vegetable gardening for condominiums.

Keywords: prototype design, vegetable gardening system, Internet of Things Technology
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