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ABSTRACT
The study of Diophantine equations has attracted substantial attention from
mathematicians and researchers. A prominent form of the exponential equation a* +b” =z? where
a,b are positive integers and x,y,z are non-negative integers, or a,b,x,y,z are non- negative
integers satisfying certain additional constraints. More recently, research interest has shifted towards

the form of Diophantine equation, namely a* —b’ = z?under various conditions imposed on non-
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negative integers a,b,x,y and z, frequently with a and b are prime numbers. In this study, we
focus on the Diophantine equation 12¢ —p¥ =z? where p is a prime number and x,y,z are non-
negative integers with x +y <4. The investigation relies on concepts of number theory, prime
number, congruence and we have divided into three cases, x =0,y =0 and 0<x+y <4. The
results of this study show that in the case x =0 or y =0, the solution is (p,x,y,z) =(p,0,0,0) . For
the case 0<x+y <4, the equation has exactly 13 non-negative integers solutions (x,y,z,p) .
Furthermore, the study extends its consideration to cases where x is an even integer, revealing an

additional solution :(p,x,y,z) = (2,4,13,112) .
Keywords: Diophantine equation; non-negative integer; prime number
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ABSTRACT

This research article aimed to: 1) compare students’ English writing comprehension through
story imitation writing before and after the implementation of peer-assisted learning strategies, 2)
investigate students’ self-esteem before and after the implementation of peer-assisted learning
strategies and 3) examine students’ opinions toward the development of writing skills through story
imitation writing using peer-assisted learning strategies. The target group consisted of 106
undergraduate students from Rajamangala University of Technology Suvarnabhumi Suphanburi
who were enrolled in the course Communicative English Writing (Course Code: 603-22-01). The
research instruments included a pretest and posttest, writing skill development exercises, a self-
esteem assessment and a questionnaire on students’ opinions. The statistical methods were
difference, frequency, percentage, mean, and standard deviation.

The research findings revealed that students’ English writing comprehension through story
imitation writing improved after the implementation of peer-assisted learning strategies. A total of
67 students (63.20%) obtained higher posttest scores than pretest scores. Regarding self-esteem in
terms of self-concept before the implementation of peer-assisted learning strategies, 74 students
(69.90%) were at a moderate level. After the implementation, 77 students (72.70%) remained at a
moderate level. Overall, students’ self-esteem showed an increase. Students’ opinions toward the
development of writing skills through story imitation writing using peer-assisted learning strategies

were at a high level (X=4.35, S.0.=0.65).

Keywords: writing skill; story imitation writing; peer-assisted learning strategies;

self-esteem
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Y

Tunuesgeiududnuaeiugudidgdosnnideyrradnisiiunmalunuewd 10 9e aunsaimw
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q

aupiulddn wnAnnisueuiunmailunues iussduszneudAgiiduadunsiaundSeuviain

Yy a a

s ensunl uazdsau (uituguddgiite i Seuinanudedilummes fussgelalunisiaun
wazanansaUiusegmAugBulFesnamnzan

nanlagagy mawanTinuznaounusingudoeideanuiniw nsilnluswsioidles uas
w399918 Tnensileududunuusaznsasileu Ut liidnlalassasisnviuasinuiaudaluns
Feouldatu Sntanaidsusuiieuthoisutsanaiufiae iunisiiding o uazadseudulaly

gieuiifinnuaunsosisiu saufansiuaaslusueditiaasunsgilasazanunduansoan danali

nsSeuinudanguiannliegaseus

NIBULUIAANITIVY
faulsdase fandsny
dnAnwsEiuUTy s arudlalumsdeunndainguieisnedeudendounuy
wnivendemalulad | naismsiseu -maupudiunmAluALLDS
TIYUIAATITIUYT wuusleudieuiou | Ao simuniinmsifeuseiinadou
AUGANTIUYS Boadeunuy

2NN 1 NTBUMNANLUNNTIRY
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3. 38N
nsdneIdeadsd (Junmsieuuuimaass (Quasi-experimental Research) Tnglduuuununis
NARBILUY One-Group Pretest Posttest JueAseiifinsvaaeu 2 ﬂ%gﬂ Ao Pretest (T1) way Posttest
(T2) @iu Treatment unusedgydnwal X (T1 X T2) [9]
3.1 nguidanune Ae dnAnwisedudiy1ns uminerdemalulagdsivuenagissugd
Audanssaiy3 Afdaseuinnadounusanquiiienisdeans (sadnn 603-22-01) $1uan 106 Ay
3.2 130eiiafildluns3de fie 1) wuuneasuneuSeuLaEd Ao (Pretest-Posttest) 2) WUUEN
nsWaTinygnTdsufeiBnsdeudendounuy 3) wuunaasuianmaifuanAilunuies Rubin’s Self
Esteem Scale hag 4) WUUADUNNALAALAY
3.3 Msa¥auazANNMLATaD
3.3.1 LUUVARDUNDUISULAZLUUNAADUNALLI8Y (Pretest-Posttest)
38R donifemamdnguivaneauiumsdeudmutnAnuniisuSeusazWam
VinvensleuanmlideSoude Great Writing: Foundations [10] $1u7u 1 584

3.3.2 WUUEINASHRIUITINYE NS U8 N 1STEULS DA ULUY

1)

v
v v A =] '

WeAndon e uneuNI¥BINgullnizauiun1siauTinwen1slsulussau

N

e>°

IuAudmTUnAnYINMIsERISaUAe Great Writing: Foundations 41121 10 1394

Ya o o

2) {itedndenidemuneunmsngulasidssnneiuaulaararudesnisidouns
fimuinugnsdeuldsiuu 6 Fesiniiavun 10 Fes dosndifeldnarlumatou 6 dUnw dUan
ag 1 os ileliiusiorimunszeznaneunsasuUasniaFeu
3) fAseldidovuneunndinguiau 6 Besiindnunguidmnetoualfidon
Tneidssdrudomandelusnuagddifunuuinnmswaninumadeudeiimadouieadouwuy
soly
3.3.3 {ideluvuneaeuianisifiugailunuies Rubin’s Self Esteem Scale [11] ilenazoy
nsuesuanAlususiouLazrdasldnaitnsSeunuuiilioutieiiiou
3.3.4 uuudeunumNLAMTLATReMsRaLInwE MaTsuienadeusendeunuulag
nslénaTsnsisunuuiiieutieiiou
1) a¥uuvasumuaELAaLaznguifldTnnsAnu il fidemasoungu
2) tuvvasunululsiiTeamngy $1uru 3 vitu nsvaeuANLaenndoILdIIHANS
ATIVFBUNIANLINMIAIANNADAAGBITENI T A A LA UTqUsEAN IlemAladBnuAnLiuves
Q’Ls?fmsumﬁﬁsialﬁam Tneldadnaunsadaidem (tem-Objective Congruence Index: 10C) [12] il
AU NABINTIUTTIA WAL ATU ANy Tl AN TR UszasAven1sdnyl iy 0.95 wlanadn
wuuasuaululgle
3) uAluwarusulgswuuasunumadalausuuzvesiiTenmai 3 viu

4) IpviuvuaeuauauAniuaTuaLY 0l
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3.4 nafiusiusindeya

3.4.1 TwmTeunts neunsiiudeyaideeduiesearifenveslasinisidelageiuie

o

mgUsvad Fmsiiudeya nislesgideya lneBuduinnisdisulasinisideazlifinansenule 9 s
son1sseukayn1sETInTIlY Yowardoyadiusasgniiuiluaudu nailld fe dnfnwdudidhswnu
WRewazdugenlmhdnulunuiieldimseidoyasold

3.4.2 UABUNISANTIUNIS

M19199 1 UNunTsiseus SennsiauinyensWeumeisnslsuseadsuiuy

duansiii unuMsdanaiFeus ERERTY
1-5 Fansissuntsaeunudniluinnsilsunmudinguitenisiedans (sWain 603-22-01)
6 “agevindnwinowsoudisuuunageureudeu (Pretest) |uuutdniifilemungunmwmdinguilmnzdunsideulussdusududmsu

dndnwiiisumswauinuenisilouainmisded o Great Writing: Foundations 9112y 11393 9andulidndnwigunazvitanuidile

o & . o | A ave = a o a1 v w v oow oo d v o o o
—mLuamuwmummamquﬁaaLmJ 1‘ViuﬂMﬂH’WLG\Mﬂ’WﬁWTJﬂ’quDUU Lmumwwmamﬁawﬁammaﬂumwﬂﬁnglumuauu U 10 A1

7 lduvunnaeugauArlunuies Rubin’s Self-Esteern Scale nageuinnisiiunualuauewesindnuneuseunasdeunislinaisnisSeunuuy

A
LNBUTILNDU

8 gaunanmABEuUTu e deiviun

9-14 AanmsiFeulaglduuiiinnsimuvinuzmsdeuifidenandellen lnedsuluduSeuszneulutaluaieu GumaiFeuily
v aa = -

-dpianssunisiseunsasunismsdeutarUsuduneunslinaisnsssunuuiiioutieiieulivazauiumsaeudouvesindne laedl | dUain 9-14

wIRRIaINFuneuYes Miller, Barbetta & Heron, 1994 Uax Fulk & King, 2001 (§nefidlu [13)) tielimnzaudunsasunisifouvesindnw | eswingide

il FRIpHARTILIY
1. fuilneusu Fussmeandesliindnymu NEBUNAN
2. fusug -Sugindnwiiiiasuuureunansmasnniuindniifiessuuasunansniaton MAGEUTeY
3, fureunmadeu DtndAnwusaggguuneunwidingulidila dn@nw

4. Tuilnnsdeu -seulinsvihuuuiinnsdeudieBnsdeusendeuiuulaglyflnnislddmuny nsiiud nsandt mawdeud msuiugd | seyeea

Jselon Judu edouudidedimmumnemilouniendeiufuatiu 91w 6 5o saufunslinadsmsiseunuuiiioutieiiiou

15 “anadugrsanuiiaginurlunndeunvidinguuaniou (Posttest) wansiindeulpelduuunaaeugaierivuuunnasuteuiou
Aesginamsimuinisilisunenisilieuiisunasiwesnsuuunewseu (Pretest) uaz

ndaTeu (Posttest) TMByAAD

16 Jduvuneaeugaueilusuies Rubin’s Self-Esteem Scale [11] iitehlunagouansiiiugueilusuesvesindnymduisunasudanmslingis
malFsuLuuiiiouteiiou

AduvuaeuommudniusefiiimstannwnsdeudeiBnsdouseadouwuulaemslidnalimassuwuuieutiioundinisiou]

17 deulanmAssunufinIng1deivun

3.5 M3nTeidoya

1) feyauuunaaeunouiouLaznduseu (Pretest-Posttest) lWuuuunaaeuyaiediu Ingld
inawsin1snoude meugnld 1 Azuuu aeufaled 0 Aziuy AaszsideyalaomaAwaneiinud waz
GRERIGE

2) FoyanuunaaauAmAluAues Rubin’s Self-Esteem Scale 91U 3 fau

el 1 FemuiAensudnuluiimi (Self Concept) S1uru 30 Fa
detoanuidnuagmauin dwau 13 4o fneu “ld” 16 2 Azuuu uazdmey

“lily” 16 1 azuuu wasidleteruiidnvaynaay S1uau 17 4o dweu “lv7 16 1 Azuuu wazdiney
“ldly” 1 2 Azuuy

noufl 2 wuunageuANiAniunATlunue (Self-Esteem Scales) $1u3n 10 Fo
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dledennuiidnwasmeuin S1uau 5 9o dweu “n” wie “v” 19 2 Azuu wavd
nau “A” oo “9” 18 1 azuuy wazfledenuiidnvarnnay s 5 90 dmeu “n” wie “v” 1§ 1
AYLUY LAZOIROU “A” %30 “9” 19 2 Azluu
moudl 3 nMsUszfiudnuluvimd (Self Concept Rating) $1uau 22 9
dletomnuiddnwarmiauin s1uau 19 90 d1mou 1 avld 1 Avuuy, dmeu 2 azld
2 AzuuY, SneU 3 9gld 3 AUy, 1maU 4 Ayl 4 Avuuu wazdneu 5 agld 5 avuuy waviilodoniy
Tenwaugy9au 319U 3 98 0meu 1 agle 5 Azluy, 01meU 2 agld 4 Avluy, 61neu 3 axle 3 AvuuL,
§moU 4 9ld 2 Az kardnaU 5 Ela 1 Azkuu TATIEdeanINInTIENUTEINMAY 5 SR Uay
wananusE R UATLLLLRAY el
421500 wanefs Tinasisziunniign
3.41-420 vnede  dnaeisyaUiin
2.61-3.40 e dnaueiseaudiunans
1.81-2.60 wuede  dnausiseiutioy
1.00-1.80 vwnefle Shnausiszdutiosiian
3) JoyamnuAniudifidensimuinuemsdeusneiBnsdeuseadounuulaenslénads
nsFeunuuiieudieuiiou Anseddayaniuuasiduyszanman 5 sedu ntdumaedsuay
Adudeauuinnsgiu [14]

3.6 a3UnalATINTIY

4. NAN13ITY
' P v v v o o Yy  aa = - a
#d9un 1 %agamum’mLﬂj’ﬂﬂumiwEJ‘um‘maani]‘wmmﬁmiwamimLaﬂuLLU‘U‘an

UNANWINDUKATNAINIT IINAITNITEILULUUNDUY BN

AN5199 2 HANTITIATITINTDLANAR VDAL LUUNAABUNBULALNAINTLINAIDNITISBULUUL N UYL DU

Y

318115 FUUAY Yovay

ATLUUNAFDUNDULSBUTDUN AT LULUNAGO UNSUSBU 67 63.20

ALLUUNAFBUN DU ULVINTUALLUUNARDUNE 50U 17 16.04
ATLUUNIAGBUNDUSIUNINNIIAZLULUNARDUNA LTI 22 20.76
Eiet 106 100

91AN597 2 wudn YnAneildaviuunadeunswisutosnindaseu s1uau 67 au Seuay
63.20 599891178 LAAZLUUNAZDUABUSIUNINAIIVEUSEU I1UIU 22 AU Soay 20.76 wavlangiuy
NAFOUNAUIIUIYINAURDULS U 91U 17 AU Spay 16.04 ua1ny

HaNSANYTI MsTudeadunuuniunsSouuuieuafioutieauninusnsiSoy
11BN Y ANAIUN18 LLazLﬁ'mmmﬂﬁﬂ,um{L%ﬂmwé’mqw’mmsﬁauimﬂé\’uLLUULLaxms

A o
kantUagunNuLNau
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ag3lsfiony dnAnwundininanziuunLAuroanasaINAULA NENAURUEIY 1399300 uaz

seuzalunIsHNEY F9PINSHRIUITINEENSTBUABIeFuN1SEnBE19RaLdBakarAans ULy aU iU

a

HiSeunsazaAY

daufl 2 dayadrunmsuasiugaaluauesvasiinfnwneunasnaainsldnaisnisieuuuy

iNaUIBLNDU
foudl 1 YoauiganudnuluiAd (Self Concept)

M19199 3 Han1FaTzideyaveind@nwineuuazraaseulaglinaTBuuuiioudigiioudnuunn iy

nsueIdRuluYiFY
donau fowdeu fiowseu naTeu naATeu
RFwudnauly) @Eaudnaulaly) Fraudneuly) (Faugnaulaily)
1. uridsitlsidunn 20 86 28 78
2. fmLﬁuﬂulﬂlﬁa%mmﬁag}ﬁﬁw 15 91 11 95
3. duagldsuanuduniaue a1 65 54 52
4. dudnluluiuenaaiaue 12 94 6 100
5. Sufuauililald 68 38 92 14
6. duduauSoud 25 81 44 62
7. fudunuaain 24 82 38 68
8. duliironariiseserlsiae 28 78 31 75
9. Fuduinewia 34 72 50 56
10. duiSouerlsudfdumun 32 76 a8 58
11. fuidupunihni 30 76 48 58
12. guiiwihaudulaaue 62 44 90 16
13. dufigusnelid 20 86 38 68
14, Fulumuudauss 61 45 83 22
15. Fudufilumsiduuaznisiim 20 86 36 70
16. Fusedliiida 19 87 28 78
17. fudupurerianisa 50 56 51 55
18. FunnanNaIUeY 9 20 86 28 78
19. duarirjuladiofinuEFensu 21 85 20 86
20. Fuduaminnla 36 70 @ 63
21. audnidendulunisiaunusii 4 32 74 46 70
22. Fuluaugaineilldsudonliaun 33 73 16 90
23. fudunlafsduiioutulas 8 98 7 99
24. Fuiliileusn 54 53 75 31
25. Sudunuiigndu 13 93 16 9%
26. Fuluauitianugu 67 39 88 18
27, Suuauitbifianuge 7 99 10 96
28. unelaluanmiiosaiil 57 49 80 26
29. suesnniiueeaduilalldidumeud 11 95 14 92
30. duduausnize 79 36 91 15
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M19199 4 waasuteyavestinAnwineularndussulagldnalsuuuiieudieiieuduunaiy

MsuORNTUTIAY
szauAzwuusnulusiail (Self Concept) FUIUAY Souay FuuAY Souay
(Nowsew) (aaiseu)
msuesdnluiadsyiusi (35-45 Azuuu) 13 12.20 14 13.20
nsuesdmulusimissAuUIunans (46-54 Azuuw) 74 69.90 77 72.70
mssesdmilutimiseiugs (55-60 AzuuL) 19 17.90 15 14.10
FU 106 100 106 100

PNAINTT 4 WU AZLULTINSLUnmuNSUesSauluTRieuS ey WethazwuuvesinAnwun
Jaesannazuuuiy 60 azuuw dnAnwidiuiu 74 au Seuaz 69.90 Insuesdauluviel eglussdiv
Urunans drunduienin@nuidiuiu 77 au Segay 72.70 dinsuesdnuluvial agluszduliunais
wtlouiu

wiSmuluieivestinAnudnlugSoglussiuuunansisneusasviaiou winuuualindun
sruanusulanasnisuaninuAnminaInfanssusausuiiow aghalseny seuluimidudnvasnig
Snnniideddnauarldsusvsnasnvansiode Seddlidvuntasdneulusserdu el msiSeunuy
iiouteifieuhiniumadsudesdsuluutisaiaussenadainuagduaiunisseniuuasiiiun e

Tupueestindnw
naudl 2 danduieatuanuianiiuamalunues

M19199 5 KanseTzvideyavesindnwineussularnaasulagldnaisnisiSeunuuitouyigivey

FuunmuanuEniunualunues

donnu Wudag Wudag wiudae wiudae laiwtudiag laivfudag laivfudag laiwudiag
agaila g ataia agnabe
n n [ [ A A 9 9
(fouBaw) (nde5ew) (louBaw) (Mda3ew) (fouBaw) (nduSeu) (fowSew) (Mde3aw)

1. SubumusiguuenviniloutuBu 36 37 54 62 9 6 7 1
2. $uduauinuasiFfidnasegs 18 16 60 69 24 20 4 1
3. fufdndduherlshiduSaae 13 6 22 29 63 52 8 19
4. Fuflenuanunsavinidaing 1 147 27 27 58 61 15 15 6 3
Wiy
5. dufianumagiilaluauestios 14 9 18 32 54 42 20 23
e
6. Sufndsnuaslumaiin 39 32 55 68 7 4 5 2
7. Tnevhluudrduiinnunelely 37 38 48 61 13 7 8 0
[Zel0N]
8. dunfehduanunsatduiiofield 19 34 64 59 19 13 8 0
wnndil
9. vurilsuiAnimueaduauly 9 3 12 15 31 50 54 38
Usslowd
10. viediudehdulsiflorlsiae 16 4 21 24 aa 43 25 5
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M19197 6 HaasUlayavesindnuineussukasaaseulaglinaisn1siseuluuouIsLieuTHUNATY

anusdnuesiiunmAlunules

szAuRmAluALLe (Self-Esteem Scale) Fruauay (fousou) Sounz F1uduau daSew) ounz
AnulunuoasEius (12-14 Azuu) 14 13.20 6 5.70
AnuAlUAUIBITEAUUIUNGN (15-17 AZUUL) 43 40.60 39 36.80
AuATluALLeIsEAUge (18 [ ) 49 46.20 61 57.50
3 106 100 106 100

91N 6 1UIn AzuULTIS LA TTuRuenouS oY L euArLLLYeS
UnAnwundaseaninazuuuiu 20 axuuu Und@nw191uiu 49 Au Seuaz 46.20 fn1susaiiunmAity
mus agluszaugs dwndaseutdn@nwidsiuau 61 au fosaz 57.50 dnsussiiunualunues oglu
s¥iuge Tnenmsan naagUdoyavesindnwmdsnsisouslaglinaisnmeieunuuiiouioiiiou Ins
woutunmalunuedussiugaty

amsideTin Madsuuuieutiifiousufunmadeudeadsunuutisainusssniaiidu
fins anmuina uazfiumnuiulslumsSeunwdainguriiunsuanivdsuiuiiiou winsiiuauely
AULDIDIUNALSIALANINANLANATE ISy ARA UiRnssuTiuUfuius Sssdaaduianinis

Mudninendeuinuarnseensuaaalunues Juduiugiuddyveinisiseuslussaugaudng
mauf 3 n1sUszliudaulusiFy (Self Concept Rating)

M990 7 wansIeseideyavetindnuineukasraaseulaglinaisuuuiioutieiieuduunai

AsUsELuenUluTiF

donnu x S.D. seauMsUszdiu (Houdew) x S.D. szAuNsUszIi (MdeSew)

1. Sududioutunn 4 au 4.16 1.00 n 4.06 1.20 an
2. duflaugy 4.16 0.74 an 4.20 114 an
3. fuflanungan 3.94 0.86 an 3.98 1.06 wn
4. duduaunan 3.33 0.98 Y1unans 3.69 1.05 wn
5. dufueudedng 4.21 0.81 wniian 4.32 0.96 wniian
6. Auth 9 lvoudu 3.30 0.90 runan 333 0.98 Urunana
7. Sudueuilileld 4.18 081 wn 4.41 093 wniian
8. dudunuf 3.99 0.92 1N 3.88 1.00 n
9. dumeagiilalushidu 4.19 0.83 N 4.02 0.94 1N
10. dulumuivand 3.06 1.03 Yrunans 3.03 117 U1unans
11. fuldanusudiedunnauase 392 0.73 N 385 1.02 1N
12. duluausisusala 4.20 0.77 1 4.12 0.93 1N
13. fuduruilaudn 3.70 0.82 1N 3.75 0.88 N
14, uduiifSnvesauinly 373 2.06 an 372 0.86 an
15. duupusoulsu 3.72 0.82 1N 3.81 0.85 un
16. Sudupudsom 376 1.10 an 3.86 117 an
17. suduauitlifons 3.23 1.05 Yrunans 3.09 1.05 Urunans
18. sudunugnm 3.73 0.85 wn 3.81 0.80 wn
19. Suduaudeons 261 0.99 Yrunane 2.63 1.08 Jrunane
20. fulupuazenn 4.13 0.79 1N 4.02 0.88 {n
21. fuduauiiselovisiofiu 3.53 0.81 an 3.70 092 an
22. fuuauiirundyey 4.57 0.68 wnfian 4.47 081 wniian

kiet] 3.78 0.92 an 3.79 0.98 an
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91015797 7 nuan seaunsusziliusmuluiaivesin@nw neus oy Tannudnvasnisay
Sudueuddon egluszduinn (X=3.76, 5.0.=1.10) derudnuairymeuin suduaufedns oglusedu
maﬁqm (X=04.21, 5.0.=0.81) lnan1ns7x NsUsziliuspuluiddvasdnfnwinewsey dseaunisuseiiiu
ogfluszduann (X=3.78, 5.0.20.92) daunduFou Feaudnuaznisau Suduauiden egluseduinn
(X=3.86, 5.D.=1.17) T8AIUANWULNIIUIN ii’ul,ﬂuﬂuﬁmmﬂﬁzyag agﬂus:ﬁ’umnﬁlqm (X=4.47,
$.0.=0.81) lngamsiu n1susziugnuluvimdvesdn@nwindauseu dszaunisuseidiu agluseduun
(X=3.79, 5.0.=0.98) dwlngjszAunsusziindeyavasin@nwduunaunisuseiivenuluvinlnouuas
wdudeuliunnsinadu SseiunisUsefiuiudsundaddumeiindu fe suduaundn seiunisusydiu
AewFou agluszdudiunans uasndaiou sgluseduun wazduduauililald sedunisusziii
rouSou egluszduann uazvdaSeu sglusydunniig

nansAnw Ui AnedesmluirineuwazndaSoulndifissiu wanailaesusinsreudnemed
whunedny Wy Anunduazanuunlindda 9eAty SsaveuinnisiSounuuiileutisiiiourisiasuning
shlauaennAnssandedsnsliuisaiu egndlsfinn mawdsuuladpemudslidae esndnuluiad
Jusnwazmadninefiseddnauasszaunisairofiadunsiau suiweseifonsazviounnly

PYLYN

daufl 3 doyaduanuAnmuidiseniswaineenslsudieinslisuEaadsunuulaenisly

NA39N15L38ULUULN DU IBLNOU

A151971 8 Han1sIesIziteyaduAMUAnTUTTReN TR Y M TewIEnsduseadeuwuy

Tenstenaisn1sSsukuUia Ut Lo

donu x S.D. szfuANUAALiu

1. dnfnwdadndemitinnafeudendsuwuy famudaeu ilade mmnvauiussduiu 4.36 0.66 un
2. thnwAnhuutiinmadeussnsdsudeadouuy Huhduiulnosumnuuuiniheluguiniontu 433 0.56 @
WA
3. indAnwAndszernanillilunidfinnsdeudeadsunuy Sanumnzay 4.28 0.68 un
a. dndnwidaldzumnuinnmsindeusienmsideudeadeuuilaomslénaitnisBeuuuiioutioifiou 439 0.70 a@n
5. indAnwmelatunaiinszuaumsFeunisaou TasmsldnaFmadsunuuioutiodiou 4.48 0.66 un
6. wuiinmsauinugnisdeuseimadsudeadsuuy fulitndnuannsoiemmuildsululiluiiassdiiu 4.25 0.67 @
7. visnlgianiinugnadeudeiinadeudendsuwuuudatindnyAnimsiinduinusnadeudeiiniadeu 4.41 0.64 un
Feudouuuusiely

s 4.35 0.65 n

31NA517 8 WU vaan1siseuslaslduuuinnisiuinyensideudieignisleus e
BeULUUlAENTS NI NSB g ULUUNBUTgWBY UndAnwnelanunaisnssulunisiseunsaaulanenis

Tdnaisnisiseunuuiieutieiiiou agluszauuin (X=4.48, S.0.=0.66) lAun1W3I SEAUANMLAALALYET

o =2

infinw egluseduun (X=4.35, 5.0.=0.65)
HaNSANWIAEYiawd1 dnAnwilvimuainauazauianelagsianisdnnisiseu; Wewinfanssy

o
o

Fruraudaau I9sunuun v nstneusgadussuu wazn1suanUasuiuiiou BIuanaNUNAFLLaY
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ABSTRACT

The objective of this research was to develop a "Personnel Performance Monitoring
System" for Chaopraya University to facilitate the systematic and standardized storage of personnel
profiles and workload data, supporting real-time performance monitoring. The system was
developed to address issues regarding fragmented data storage, excessive paperwork, and the lack
of summarized data for executive decision-making. The research methodology employed Agile
Software Development, gathering requirements from staff, department heads, and executives to
analyze and design the system based on Management Information System (MIS) and Human
Resource Information System (HRIS) principles. The developed system is a web application
consisting of four main modules: 1) Personnel Module for recording and updating workload; 2)
Department Head Module for verifying and approving data; 3) Executive Module for data analysis
via a Dashboard; and 4) Administrator Module for managing data structure and user permissions.
Additionally, the system integrates data from various units, such as exam proctoring schedules,
assigned teaching subjects, and current student information, to support the missions of both
academic and support staff. System testing results indicated that the system functions accurately
and stably in terms of data recording, processing, reporting, and Dashboard visualization.
Meanwhile, the user satisfaction evaluation involving 25 participants revealed a “High” level of
satisfaction (Mean = 4.46), with the aspect of usefulness receiving the highest score (4.60). This
reflects that the system meets the actual needs of the university and effectively supports
manpower planning, performance monitoring, and human resource management. In conclusion,
the developed system is suitable for practical implementation at Chaopraya University and holds
potential for future expansion to integrate with other information systems, such as academic

systems, HRIS, and personnel evaluation systems.

Keywords: Management Information System; Performance Monitoring; Human Resource

Management
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3. /N5

mﬁ%’aﬂ%ﬁﬁﬁ]umﬁ%’aL%nﬂisqmﬁ (Applied Research) iiWaiuszuufinnunisa e
voayAa g wningdedmszen Tnsftumeunsiiiiunuiiaseuagunisfinmuszring maifumuy
foya MIRALNTFUUAMLLLIMS Agile wagnsiinT1zying fall
3.1 Uszynsuaznguniagng

Usspnsitllumsfinwadedl Ao yaainsvesminendoidiwazen Ussnaudae nguiuinms
9191560591 wamd i fiansaduayy siudnuisdulssana 100 ey Taediduldmunngusosng
dwsumsussiiuussansnmuasanufinelafifideszuy Sy 25 au di3Bnndennausegnauuy
131239 (Purposive Sampling) AMNU52Y1NTAINGTD Imaﬁ’mLé‘an'«mﬂQ’ﬁﬁdamﬁ'm%’aqﬁ’umﬂﬁﬁa’mszw
Tnenss liun fuimsisuinreusunsumsauyana (097 anuf wazddrnsmsddndaadsinms)
paonIuyAmnsaeUTROuATvihAdaihsenunssnuduuszi
3.2 Ao silanATMINAUITEUY

Ya v o

A3dadnlunisvaunszuuluzuuuuivueundindu (Web Application) #1u39asn15WemN

FONALISUUU Agile (Agile Software Development) Faitiupudavguuaznisasaunuduseu (Sprint)
dialianunsausulssseuumudalauanusvaldldatiaeliios Inslseavidunaall

1. mslnneiuazesnuuuszuy: Buanmsduniuvalidadniugliteyandndiuiu 7 au
1lD57UTIMAINFBINTT (Requirements) wazTyvainnisvieudia thlugnisesnuuy
an1Ungnssuszuulu Client-Server aaniuugutoyaiieduius (Relational Database)
Tngldndnns Normalization iieanautdou wavesnuuuduinsofld (U/UX) iy
Audglunisldon

2. 3eadlefllunswamn:

° Ejaé"l%'\i'm (Client Side): Walu1n 38 HTML, CSS (Tailwind Framework) hay
JavaScript
o fdadsWiaes (Server Side): Uszarananiea1w1 PHP 7.4.33 uazld Web

Server Apache

e msdansgrudaya: Iiszuudansgiudeua MariaDB/MySQL
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® A3R9NaNAIUA: Visual Studio Code UUsEUUUURNIS Windows 11

3. N3EUIUNIWAIL (Development Sprints): Wusnsmuoantiu 5 sou (Sprints) laun

v A

(1) syl R lduaznsianisdns (2) lugaduiinnszauns 4 anu (@eu, 338, U313

31013, 8UTY) (3) LN ATDYAIINMUILNU LYW TTUUANADULAZLHUNAUIAULEY (ID

¥
@ o

Plan) (4) unruosadmsuiuimsiitonanmanmsnuasidin uag (5) msusuuaszuy

(Refining) AMUKANSNAABULAZAUAAIULLY
3.3 mafusiusudoya

mafususmdeyauvadu 2 svo fie stegil 1 maiudeyaiiewmunszuy Wumssius

Foyaniszauaieainyaanssiuam 50 au tethumaaeunstuiinuazuszananalugiudeya MySQL
Tiuladsvuusesiulassaisdoyaidudould uas svoxil 2 msifudeyaussiduna dndunisudaan
Andasruutuiaiesitng (Server) vasuminedouavausumsldnuuds nelvinduietrmanodldnu
FFuazRRULUABUNLANNTIHELA

3.4 msieszidaya

Yo o

fAferhmalinnzideyalasldaiffiugi Tin mauanuasarud (Frequency) uagendonay
(Percentage) dmiutoyamluvesfpounuuasuniy warinsesissdueuiianslalngldriade (X))
nazd@ulBLuLINASEIU (5.0 MNUUUADUNNLINAT @ISR 5 5EAU (Likert Scale) Tnarvun
inausinTawananzuLwede foil

=

AzLULIRAY 4.51 - 5.00 vanefa Tfianelasnniign
ATLUURAY 351 - 4.50 vaneds feelaunn
ATLUURAY 251 - 3.50 vneds dfeelauiunans
ATLUWRdY 1.51 - 2.50 nuneds ifewelatios

AzLUURGY 1.00 - 1.50 nuedis ianelatosiign

4. Nan13IY

1537813 s siauIszuUAnaunsidunuvesyaaIng uninendeidmszen Ie
ANTuNITHRILININNTZUIUNTT Agile Software Development ﬁ]uléfiswﬁamyiiﬁuazmumwmaau
Usgansnm lnefinanisandunuuusesndu 2 duundn Taud nansiamnuareenuuussuy uagnanis
Usnidiuanufisnelavosglénu feil
4.1 mansWaRazeenuUUsEUY {deldimunssuuluguuuuiukeundiadu (Web Application) 7
seasumshnuRueseedumesiin lneszuugneenwuulimeuauesrnussanisveadldau 4 nqu
VAN ANUHANITIATIEIN Use Case Diagram Laun (1) yaains (2) fantnuieu (3) fuinis uay (4)

Hauaszuy lagiin1seanuuugiuteyaileduius (Relational Database) 1Usznausiy 3 dundn Ao
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Joyadiuyana Uayan15EaU (NUEBY I3 USNTININTT Mav) kazdeyaatiuauuainiisnudu liveli

msdnfivsazisenlifeyaiinnugniewmazanudidou

SrUUNTRUAuYsENa UMY 4 Tugavaniivihaudenlusiu del

1. Tugaymains (Personnel Module): ludunundndmiuyaainsiunistuiinuazsuinndoya
druiuazn15eau 7 91y Laln 9ude, KaawiYinis, UUINITININTG, Nufadinusssy,
15BUSHANILN, AumtaU3ns waznuiledany saufesesiunsdaiunuiannsieyana (ID
Plan) wazmsnsaaeudeyaiildiunoumane wu mssauasuuasedoindnuiluiivinw (f

A 2)

TEPS "“erc o U v
2 Dashboard
S dayaduypna n
1'.-‘_? Welcome Back

Goyamseou ANH NGUYEN
B nsowasu
E  wanusems
E vwusmsioms

wyaa (Quick Menu)
@& owAauswusssy - PR .

wndodducoa A dnlaogossais
EE  vwussu 7 ousu / duun
&  msdsochuniousins . L

® Joyamsnu S:UUNDUIDU £ s:uusmsdnusnun

24  mshouiodonu

& msauasu

p— & waowsems

B ouamu S vuusmsSoms

I Swvfillaasu

F uaa3

= umas

© ardundnu
A doyadndnuiionua

& mslimuinn

‘:4' o a £ v o
Al 2 wiheevesdnsnisldnuvesyaainsimily

2. lugavhmtividiga1u (Head of Department Module): éwifufinniuuagnsiaaeunsaniiiumu

va3yAansludsin Mg uainsngnIms U151 ousliAuEY ID Plan Uagiauning

NUANIEAD WU NMTTANTNANADY Y3BNTATIIARULLNETUTEAUAMAN 1Y Dashboard 7

<) '
LLﬁﬂQNﬁLﬂ‘u%ﬂJ’m‘mﬂ
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TEPS " uncorce

£} Dashboard

doyadsuynna

@ anuSnevmansuasnalulad unBnovers s
oo

mswnuRuaRY

TE Ps EMpLOYEE &

8 ewonua

1S siwdoorsdus=h

1= sidosmiius=

B ewssaasu

) uynansisaivayu

suiainyamnsse yana (D

< Welcome Back

aAau:3ngMmaasua:inalulad ukSnandgws:an

Department Staff ° Logs History ° System Administrator °

o csom
csom 72
@ Admin (Akki) System o930
)

o
O Chiranun Karr

scu
@ wnosad bus 047

Total
s
Qriwdssau uAd, 29273

29 3 N198VBIENTNNS TN UVBIINTN MU B

3. lugaduinis (Executive Module): a3 esfleativanunisindulaszaunagns lnessuuy

Uszananatoyanwuauazinauslugluuu Dashboard uagnsmadid (Analytical Charts) wans

o

AMNTIANGIAY A1989U haztonainAnyl eltlun1591MALUS RITTANITNINEINTUDS

Y

UNINYIRY

o AEu9EMSUG UKISNENAVITIWS:EN

L5k Welcome Back

HU2895M5UR WNINBFBIINSZEN

E Dashboard

Lv  vayadduynna

ms=uquasu

MSWAUEDU
amuss:uu

Fwouunun dustGou &,_
asulail

wiinou
foHua .'_ 22 . 2+
ms=oududuviu 1 1 1

4 s e
S18TDD1SEUS:

BN
swiIFHMNUS:5
anasuouwlnviusieuwun (Employees by Department) I chuHUvepadsw (Top Positions)

uHUWIUIYAaINSSIBYARA (ID
PLAN)

E 2191s8)aDu e

A9 4 nt1aevesENENTIdIuTeEUIINg

4. lupadauasyuy (Administrator Module): dwmsuusmsianisiassaiiadeyandn (Master Data)

¢
a s

MAUAFNTELTINY WaENITHIAVITEUY

U
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TEPS EnpLoree &

7 Admin (Akki) System
’

ﬁ Dashboard

Department List

B dayadouynna
. * N Dashboard / Department Module

EXTRA

New Department Department List
@ MSUDUHUIE0IU Department Name
sRNO. T DEPARTMENT DEPART. SHORT NAME ACTION
Departments [ ] 1 &unosmsud president VA
Department Short Name 2 awinusms administor £ W
R stafts [ ]
3 @unmsidumsaao finance £ W
B students REGISTER 4 P registration VAT

5 Aunus:AuqMWMSANYY IQACPU VAT

9 5 nthaevesEnENIslduTesEauaTUY

4.2 wan1suszfivanuienalavasdldau §Ideldvihnsfiunusudeyannnguiiegedldauszuy

23997 25 AU Usznaumelnanideiosas 68 wavinaveseeay 32 Ingduunaudnsnisdntganuls

Y a

Ju nauyaainsangivinisuazaneaiuayu ({ldnumll) S 20 au (Sovaz 80) uaz naukuiIms

U

waETNTMIEIY 91U 5 A (Feway 20)
HansUszuAuisneladunmunguildny asulanwsnedn 1 uagansied 2

M5 1 Haanuienelaves nquuaa U iR (n=20)

10U F1en1sUTEIiU X S.D. Nan1sUTEIiU

1 fAuUszaNSAINsZUU (System 4.50 0.60 7N
Efficiency)

11 | ssuvaansadiivdeyaniszauld 4.50 0.51 1N
ASUOIU

12 | mnugndfesestoyaiivszanana 4.50 0.51 1N
JREEEAT

13 | ssvutelidfisdeyalddiouas 4.55 0.60 wniian
599157

1.4 | enuafesiazanusansilung 4.45 0.76 11N
119U

1.5 | Amnugniesaensasukaay 4.50 0.61 11N
FIEAUF 9

2 fMuN150NKUU (System 4.42 0.66 1N
Design)
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21 | ANUEAILNULETAIUMNIZALVDS 4.50 0.61 )
sUwuUNINge

22 | eanudglunisldnumyuwagnish 4.25 0.72 )
e}

23 | WIAMENYILAZANTINING 4.50 0.69 1N
aeAUsENOUMN AL

24 | enudilunisuansdeyauunthae 4.45 0.60 )

25 | szuuneuauawiogUnIaivany 4.40 0.68 )

Usztnn (RESPONSIVE)

3 | dudsslevusianisviney 4.60 0.57 wniign

(SYSTEM USEFULNESS)

31 | ssuutheaananstuiiniae 4.55 0.51 wnitgn
CIZRRFRIRPEARD!

32 | ssuutigldnisasavaeudeyaiy 4.65 0.59 Wniian
SN

33 | mufinelalngsauseszuui 4.60 0.60 wnitgn
i

PNUAMTIATIToNATUN1TIN 1 WU nquyAansiiamianelasenisidanusyuuly

amsweglusgiuinnianniian lnedlefinsanseazdeanuiussinuiilauazwuulszdugean Taun
' 4 v = < a 5 S

Anuasavesszuvlunsislinssuiumsnsiageudeyalinuilussuunng@u (X = 4.65)
sesaanmenNuitanelalunns Ao sE UMY (X = 4.60) Beman1sussiliudananasyieul
WiuhssuuitannIuausaneuaueInusieansvedlinuliesadivsyaninm

aedlsfinu nansuszdfiusnuniseenuwuuszuuldsuasuuuedetosiigniliofisuiusiudu
9(X = 4.42) Fadolulsunuiimstihluinsaieusuusasianndiusaussaudldanu (User

Interface) Tfianuvunzauduluauias

M5 2 Haauianelaves nquuIIsLasiInTt Mg (n=5)

a16u 19nsUTEIEUY X S.D. nan1sussLu
1| dudszBnsnnszuu (System 4.44 0.61 1N
Efficiency)
11| svuvamnsaiudeyanissaiule 4.20 0.84 110
ATUNIU
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1.2 | mugnsesesoyaiiusyiiana 4.60 0.55 WNTign
Tagseuu

1.3 | szuutgliidndedeyalddionay 4.60 0.55 WN71gn

<@

59957

1.4 | enuadeswazausinisilung 4.40 0.55 170
Y1971

1.5 mmgﬂéfawadﬂﬁa?ﬂwauaz 4.40 0.55 un

FIEAUA 9

2 | #un1seenuuu (System 4.40 0.44 ETh)

Design)

2.1 AUFIYINULALAINHLNAUITFUYDI 4.0 0 1N
sUwuUmnge

2.2 | anudglumsldanuyuaznisi 4.40 0.55 170
N9

2.3 | NENYILAZNITININ 4.60 0.55 wnitgn
DIAUSENOUMN T EY

24 | anusilunsuanadayauuviinge 4.40 0.55 110

25 | szuupevausiegunsaivany 4.60 0.55 mmﬁqm

Usztnn (RESPONSIVE)

3 | dudsylevinanisuineiu 4.40 0.52 170

(SYSTEM USEFULNESS)

3.1 | ssuutigaanain1sUuiinuay 4.20 0.45 110
IANITNITEIU

32 | szuutielinisnsavaeudeyaiu 4.60 0.55 wniian
SYUULNTY

33 | arufinelalagsiusessuud 4.40 0.55 170
WAy

3.4 | ssuvanansainlultusenaunis 4.40 0.55 170

dnauladausmslaasa

INNANITIATIToLAlUAT19N 2 WUTT NANEUSISasTIvivdlsulianuiisnelasie
nstdnuszuulunmsnegluszaunin WieRnsanseasiBeanuitvssinunlasunzuuulseidivgn
(X = 4.60) loun mnugndeutugrvesioyafivssunanalaeszuu anuazainsiasilunmadiisdoya

wagUszdninmuesszuuiiislinszuiunisnsiaaeudeyaiaudussuuuindliu Jawansusediy
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o v

fnanaenndesiuanafesnsyesuImsiilianud Ay iunnugndoaazausnivesasaume
wieliusznounsinaulaideuinis

uen9nil lufunseenuuuszuy wuissfudosnnumnsanvesuiadadnuauasns
Jansesdvszney Tudsemanunsnlunisnouaussegunsaliivainuans (Responsive Design) 165y
azuuuUsziivlusedug (X = 4.60) wuifeatu adidesnmaseniuunantassiuearuagmn

Wigusmsanusadnfauazasinaeutoyaliegsdmau 11057 uagldtedinduaniuiivazioan

5. pAuTeNauatalauauLLN1TIY

MAToEesmIaTEUUAMMN ST TLIYeAAINT Wil el TingUsvasd
Wiofaunszuvasaumalugiuuuivneundiady dmsuuimsiansdeyaniszauyaanslidy
wnsgiufieaiu lasidunsanarusidouresnsdaifivtoyauaratiuayumsinmunauuuideals 3
annsnagUnanside efmena waslideiaueuuy Iised
5.1 d@5Unan15338

ssvuiitaunduansauilatymnisiniutoyaiinssdanssareldosnadugusssu Tassaurm
Fogamszauniulilugiudeyanars  iiliueainsaunsatuiinuasdumadoyaldaznmnmas:  an
maznuenans waztgliivdmisnuausoeulfvasnsivaeudeyalaegalusdla dmsuduims
svuull Dashboard uwanwmadeyaddinseikuuGealnd Helidunmsuassnulazaussousves
yransTeyanaLasseieny  sadulssleririonsnamuiidiey  nansussfiuanuiiamelasnn
fnunuisianufisneleluszdu “an” (X = 4.60) Tnslameiuustlovidenisviauiildiuasuu
4R dvvioudnsruvanInsanaUaueInudBINsltnuaTliegiusEavEnm

5.2 anusena

v
v Al

HaN153TeTLAALI SzuLAnaunsiLiuuveIyAaINsTIBENIEAUNISUIISIANSToyaTes
uvingndelitiuszavinm aenndesiuuuAnszuumsaumaiiansuIns (MIS) fiiuarmigndeuas
\utlagtuvesdeyailoatiuayunisdndula [3] uazaonadesiululfAnszuvansaumaninensuyd
(HRIS) Aterfismnslussla anmnududeulunszurunsianusuenans uazatvayusssanAvialu

aoUugaudne (5], [9] n3thiauedeyaniu Dashboard Frelifudmsimsziianiunisalliegesnsa

o w v

= Y] ' a v o a . .
FAUUANAN YU AIAYVDINITNMFUNINY 188338 (Smart University) [7]

o

v

wanant waanuianelasuusglevidenisinnuiegluseduas Siaenndosiuaideves

a

Armstrong [6] flszyinszuuiinnunafindestisannszaudideunaratvayunsussfiunaiiyfsssu
FIMDINTLUIUNTHAIULU Agile ‘1'7iLTJmT,amaiﬁ;ﬂ%amﬁdauiaﬂumﬂﬁsﬁaLauaLLuz danaliszuuiinam
famguuazasatuanusiomnisldnuaianndiga [13], [14]

Snuszifiuddninuanmsfnude msusufvesynainiledouudsuriiuainnisiaue
1onans (Paper-based) 1 duszuudsia (Digitalization) LL‘ﬂmiLﬂﬁauLLﬂmg‘Uqumiv‘hmumaa%ﬂqmm
vihmelunsiioudmaluladlmiludiedudu winansidoazviouliiiiuin msfiszuugnesnuuuanlily

NuiglarannsEUgIgeu Peaiausedlanasiruafideuinded it inldyeainsananuiiuniy
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fon1siUdsulUag (Resistance to Change) Wagau5aUSUALINNUASYINIUUUSEUUENSEUINALABENS

@ '

105U Fennudnsalunisusuivesyaainsil dadutladesingiufiddyedndsdunistuinioussdns

lugdn13vi Digital Transformation 881388

5.3 Yaiduanuy

MnmsRRLLasadeusruy teideiauenusiionaiduasianndesen fil

1. msiluldauase msiaunszuuiduiausnlud®@ (Notifications) W1u Line Notify #iodiua
ieudadoudlofimsznudideseyiAniofeimuadssony uazmsieudedoyadiuszuuas
nawjdRnuilernuauysaivestoya

2. MINAIUIADYaN: ﬂ’JiWGLJUWLL@ﬂWﬁLﬂﬁﬁuuuqﬂﬂ‘ifﬁLﬂg@uﬁ (Mobile Application) WAy
azmnlunisldau uazidousedugiuteyanisuen 1y Google Scholar 38 Scopus Lilafs
ToyanacmAtelnesnluid sudamsiaunszuulssfiunensufoinuesuladfideuleaiu

F1uteyan1srUlagnse lieatuayuNITUSMIMNINYINTUYYEDENATUIAT
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ABSTRACT

The aims of this research were to 1) study the efficiency of the learming management by
skill practice packages combined with the think-pair-share technique on ratios, proportions, and
percentages for Mathayomsuksa 1 students with the criteria of 80/80; 2) compare the mathematics
learning achievement on ratios, proportions, and percentages among Mathayomsuksa 1 students
between before and after learning by skill practice packages combined with the think-pair-share
technique; and 3) compare the mathematics learning achievement on ratios, proportions, and
percentages among Mathayomsuksa 1 students after learning by skill practice packages combined
with the think-pair-share technique with the criteria of 80 percent. The sample of this research consisted
of 40 Mathayomsuksa 1 students at Phanomsarakham “Phanom Adun Witthaya” School during the
second semester of the academic year 2025, obtained by cluster random sampling. The research
instruments included skill practice packages, lesson plans, and a mathematics achievement test.
The statistics used in this research included percentages, means, standard deviations, and t-tests.

The results of the research revealed that: 1) The learing management by skill practice
packages combined with the think-pair-share technique on ratios, proportions, and percentages for
Mathayomsuksa 1 students had an efficiency of 84.13/85.50, which met the criteria of 80/80. 2) The
mathematics learning achievement on ratios, proportions, and percentages among Mathayomsuksa 1
students after learning by skill practice packages combined with the think-pair-share technique was
higher than before learning, with statistical significance at the .05 level. 3) The mathematics learmning
achievement on ratios, proportions, and percentages among Mathayomsuksa 1 students after learing
by skill practice packages combined with the think-pair-share technique was higher than the criteria
of 80 percent, with statistical significance at the .05 level.

Keywords: Skill Practice Package; Think-Pair-Share Technique; Ratios, Proportions, and Percentages
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ABSTRACT

Counselors in private higher education play an irreplaceable role in advancing the high-
quality development of higher education. Their professional ability directly impacts the quality of
students’ cultivation and the overall effectiveness of ideological and political education work. The
objectives of this research were to explore the current status of counselors' professional ability in
private universities in Guizhou Province. A mixed-method design, incorporating both quantitative
and qualitative research methodologies, was adopted in this study. The sample consisted of 278
counselors and 20 participants. The statistical methods used for data analysis include descriptive
statistics analysis. This study found that the overall professional ability of counselors was reported
at a high level. Communication and Expression and Theoretical Instruction received higher scores,
whereas Student Relationships, Psychological Well-being, and Daily Administrative Affairs scored

comparatively lower.

Keywords: Counselor; Professional Ability; Private Universities

1. Introduction
Enhancing the quality of higher education has become a strategic priority in China, with
ideological and political education increasingly being progressively integrated into higher education
reform. Counselors play a key role in implementing ideological and political education and guiding
students’ overall development in universities and colleges. Compared with public universities,
private universities lag behind in institutional development, management systems, recruitment
mechanisms, resource guarantee, and so on [1][2]. Existing researches have shown that counselors

in private universities often exhibited weaker professional ability, lower professional identity and
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higher turnover rates [3][4][5]. These can be attributed to heavy workloads, high-pressure work
environments, underdeveloped incentive and evaluation systems, and insufficient professional
training, which have constrained counselors’ professional growth and development [6][7][8]. In the
era of artificial intelligence, counselors were increasingly confronted with diverse academic,
psychological, and career development needs from students, which expanded work boundaries
and raised new demands for professional adaptability [9]. Therefore, counselors are required to
develop diverse professional ability to adapt to ongoing social and technological changes as well
as students’ evolving needs.

As mentioned above, although in-depth studies have made on counselors’ professional
ability from the perspectives of components, requirements and problems, those based on
quantitative data are still far from adequate. Therefore, this study employed an empirical approach
to examine the current situation of counselors’ professional ability in private universities. It aims
to propose strategies for private universities to strengthen the development of counselors'
professional abilities and to promote the specialization and professionalization of the counselor

team.

2. Literature Review

2.1 Theory Framework

This study was grounded in an Ecological Systems Theory [10] and Holland’s Theory of
Career Choice [11][12]. Ecological Systems Theory conceptualizes counselors’ professional ability
as influenced by interactions among university, faculty, and individual factors. Holland’s theory
highlights the importance of person-role congruence in sustaining professional identity and long-
term career commitment.
2.2 Concepts of Counselor

The counselor refers to student affairs administrators or educators in higher education
institutions in Western countries. With professional training in psychology, counseling, or related
fields, they assist students in managing personal, academic, and emotional challenges, aiming to
enhance student well-being and promote academic success [13][14][15][16][17]. In China,
counselors are positioned as the backbone of ideological and political education and the primary
implementers of student affairs, with the expectation that they act as life mentors and trusted
companions supporting students’ healthy growth [18][19][20][21].
2.3 Researches on The Professional Ability of Counselors

Existing researches conceptualize counselors’ professional ability as a multi-dimensional
component that integrates management competency, organizational capacity, psychological

counseling support, communication skills, and so on [22][23]. Subsequently, some studies further



51 |  Msasinemaniuasmalulad uns.assanil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 10 aliuil 2 (wquanAs 2569 - AsAy 2569)

emphasize cultural responsiveness and alignment with specific institutional settings and student
characteristics, as exemplified by university frameworks, such as UCLA’s College Counseling
Competency Model [24][25]. In China, scholars define counselors’ professional ability as the
integrated knowledge and skills required to fulfill educational, administrative, and student support
responsibilities  [5][21][26][27], commonly categorizing it into core, basic, specialized, and

developmental dimensions [6][28][29][30].

3. Research Methodology

This study adopted a mixed-methods approach. Quantitative analysis was conducted to
describe the current status. Qualitative interviews were used to further interpret the quantitative
findings and to propose guidelines for enhancing counselors’ professional ability.

The quantitative study focused on counselors employed in private universities in
Guizhou Province, with a total population of 998. According to Krejcie and Morgan [31], 278
counselors were selected to ensure representativeness. A total of 290 questionnaires were
distributed via the online survey platform Wenjuanxing, and 278 valid questionnaires were retained
after data screening, corresponding to a valid response rate of 95.8%. The questionnaire consisted
of 78 items was measured on a 5-point Likert scale (highest, high, moderate, low, lowest). The
questionnaire’s content validity was evaluated by three experts, with an Item Objective
Congruence (I0C) index ranging from 0.75 to 0.96, indicating satisfactory content validity. The KMO
values for all scales exceeded 0.8, indicating sufficient inter-item correlations. Bartlett’s test of
sphericity was statistically significant for all constructs (p < 0.001), confirming that the correlation
matrices were appropriate for factor analysis. The overall reliability of the instrument, as
determined by Cronbach’s Alpha Coefficient, was 0.89, indicating a good internal consistency.
Quantitative data were analyzed using statistical software, including descriptive statistics,
independent-samples t-tests, and one-way ANOVA for group comparisons.

Qualitative data were collected through semi-structured interviews with 20 participants
and analyzed using thematic analysis. Purposive sampling was used to recruit 20 participants closely
related to counselors’ work, including 5 vice presidents responsible for student affairs, 5 directors

of the student affairs office, 5 outstanding counselors, and 5 general counselors.

4. Results
This section revealed the results of the study on counselors’ professional ability in

private universities in Guizhou Province, as follows:



50 | MsaTInemaniuasmalulad uns.assanil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 10 aliuil 2 (wquanAs 2569 - AsAy 2569)

4.1 The Results of the Current Status of the Professional Ability of College Counselors in
Guizhou Province

The current status of counselors’ professional ability was examined using descriptive
statistical analysis. Mean values and standard deviations were calculated to assess the overall level
of professional ability and the distribution of its dimensions among counselors in private universities
in Guizhou Province.

Table 4.1 Descriptive Statistics of Professional Ability of Counselors (n = 278)

Dimension X S.D. Level
Basic Ability 3.62 0.76 High
Specialized Ability 371 0.80 High
Work Ability 3.71 0.78 High
Overall 3.70 0.91 High

Table 4.1 showed that the overall professional ability of counselors was at a high level
(x = 3.70, S.D. = 0.91). Professional ability was composed of basic ability, specialized ability and
work ability. At the dimensional level, basic ability (x = 3.62, S.D. = 0.76), specialized ability (x =

3.71, S.D. = 0.80), and work ability (x = 3.71, S.D. = 0.78) were all classified within the high range.
Among them, specialized ability and work ability recorded the highest mean, whereas basic ability
was comparatively lower.

Based on the dimensional analysis, item-level descriptive statistics were further examined
to provide a detailed understanding of the internal structure of counselors’ professional ability.
The results were presented in Table 4.2, Table 4.3. and Table 4.4.

Table 4.2 Descriptive Statistics of Counselors’ Basic Ability (n = 278)

Dimension X S.D. Level Rank
Student Relationships 3.52 0.94 High 5
Colleague Relationships 3.53 0.90 High 4
Communication and 3.79 0.94 High 1

Expression
Emotional Regulation 3.74 0.93 High 2
Psychological Well- 3.54 0.96 High 3
being

Table 4.2 presented the descriptive statistics of counselors’ basic ability. All five
dimensions were at a high level, with X ranging from 3.52 to 3.79. Communication and Expression
obtained the highest mean score (x= 3.79, S.D. = 0.94), highlighting counselors’ perceived strength

in communication related skills. Emotional Regulation followed (x = 3.74, S.D. = 0.93), reflecting a
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solid ability for emotional management. Psychological Well-being (x = 3.54, S.D. = 0.96) ranked

third and showed the greatest variability among the five dimensions. By comparison, Student

Relationships ()_c = 3.52, S.D. = 0.94) and Colleague Relationships ()_c = 353, S.D. = 0.90) received
relatively lower rate, suggesting that relational competencies were less developed than other
dimensions of professional ability. Overall, although counselors demonstrated strong basic abilities,
the results revealed differentiated strengths, with greater prominence in communication-related
competency than in relational and well-being domains.

Table 4.3 Descriptive Statistics of Counselors’ Specialized Ability of Counselors (n = 278)

Dimension X S.D. Level

Crisis Response 3.64 0.94 High
Career Planning 3.79 0.92 High
Employment Guidance 3.63 0.95 High
Theoretical Research 3.80 0.92 High

Table 4.3 showed that all four dimensions were at a high level, with x ranging from 3.63

to 3.80, indicating generally strong specialized competencies. Theoretical Research obtained the

highest mean score (x = 3.80, S.D. = 0.92), followed closely by Career Planning (x = 3.79, SD. =

0.92), suggesting relatively stronger performance in researching and career development related

domains. In contrast, Crisis Response ()_c = 3.64, S.D. = 0.94) and Employment Guidance ()_c = 3.63,
S.D. = 0.95) received comparatively lower rate, reflecting that ability related to immediate
intervention and employment services was comparatively less prominent within the whole
specialized ability.

Table 4.4 Descriptive Statistics of Counselors” Work Ability (n = 278)

Dimension X S.D. Level Rank
Ideological Guidance 3.71 0.94 High 3
Value Integration 3.65 0.90 High 5
Theoretical Instruction 3.82 0.90 High 1
Cadre Training and 3.82 0.92 High 1

Development of
Students
Academic Guidance 3.68 0.94 High 4
Daily Administrative 3.54 0.95 High 6
Affairs

Online Ideological and 3.73 0.92 High 2

Political Education
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As Table 4.4 illustrated, all seven dimensions were at a high level, with X ranging from
3.54 to 3.82. Theoretical Instruction (x = 3.82, S.D. = 0.90) and Cadre Training and Development of
Students (x = 3.82, S.D. = 0.92) obtained the highest scores, suggesting that counselors
demonstrated relatively strong performance in instructional and student development functions.
Online Ideological and Political Education ()-C = 373, S.D. = 0.92) ranked second, followed by
Ideological Guidance ()_c = 3.73, S.0. = 0.92). Daily Administrative Affairs ()_c = 354, SD. = 0.95)
recorded the lowest mean score, followed by Value Integration (x = 3.65, S.D. = 0.90), indicating
comparatively lower ratings in routine administrative and integrative coordination functions.
Group difference analyses were conducted to examine variations in counselors’

professional ability across demographic information, as shown in Table 4.5.

Table 4.5 Group Differences in Overall Professional Ability of Counselors (n = 278)

Significant
Dimension N X | SD. t/F p Pairwise
Differences
Gender Male 125 3.79 0.81
t=2.046 .042* Male > Female
Female 154 3.60 0.71
Education Bachelor 106 3.60 0.75
Master >
Master 153 3.80 0.76 F=4.873 .008**
Degree Bachelor, Doctor
Doctor 19 3.34 0.73
Student affairs-
related majors
(e.g, ideological
and political
69 3.57 0.71
education,
education, Science &
Major psychology, Engineering>
sociology) Humanities
Other humanities
and social | 168 3.64 0.78 | F=4.873 0.004**
sciences
Science and
41 4.04 0.66
engineering
Psychological
31 4.03 0.64
Professional counselor Psychological
e . Employment F=3.093 .016* counselor >
Qualificatio i
guidance 16 3.79 0.90 None
ns Obtained
counselor
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Global Career

Development 37 3.84 0.67
Facilitator
Other relevant
53 3.68 0.76
qualifications
None 141 3.56 0.77
< 1 year 19 3.31 0.97
Years of | 1-3 years 87 3.67 0.67
6-10 years > <1
Work 3-6 years 123 3.66 0.8 F=2.426 .048*
year
Experience 6-10 years 45 391 0.66
> 10 years 4 4.02 0.85
< 150 students 69 3.54 0.82
301-400
151 - 200
Number  of 98 3.63 0.74 students > <150
students
Students students, 151-
201 - 300 F=4.758 .003**
Managed 43 3.58 0.81 200 students,
students
201-300 students
301 - 400
68 3.97 0.63 groups
students
Division director 24 3.96 0.75 Overall
Deputy division significant, but no
‘ 52 3.52 0.79
Administrati | director stable pairwise
ve Rank Section chief 44 3.50 0.85 | F=2.666 .033* differences.
Deputy section Group effect
48 3.63 0.76 )
chief without robust
None 110 3.79 0.69 contrasts
Professor 14 4.20 0.67
Associate
" 25 3.65 0.65
. professor Professor,
Professional F0.299 002+
Title Lecturer 83 3.46 0.82 None > Lecturer
Assistant lecturer 81 3.70 0.81
None 75 3.83 0.62
Strongly satisfied 22 3.29 0.64
Satisfaction | Satisfied 63 3.48 0.76 Completely
i Average 77 3.76 0.73 dissatisfied >
With : F=4.224 | .002* B
Current Dissatisfied 81 377 | 0.77 strongly satisfied,
satisfied groups
Completely
Income 35 393 0.74
dissatisfied

Note: *p < .05; **p < .01; **p < .001.
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Female counselors accounted for 55%, while male counselors represented 45%. There

was a significant gender difference in overall professional ability, t = 2.046, p = .042. Male counselors

(x = 3.79, S.D. = 0.81) scored higher than female counselors (x = 3.60, S.D. = 0.71).
In relation to education degree, more than half of the respondents held a master’s
degree (55%), followed by those with a bachelor’s degree (38.12%) and doctoral degree (6.88%),

indicating that a master’s degree was the most common educational qualification among

counselors. It showed a significant effect, F = 4.873, p = .008. Counselors with a master’s degree (x
= 3.80, S.D. = 0.76) reported higher professional ability than those with a bachelors’ degree (x =
3.56, S.D. = 0.75) and doctoral degree (x = 3.34,S.D. = 0.73).

In terms of major, 24.82% of counselors reported majors directly related to student
affairs, 60.43% were from other humanities and social science disciplines, while 14.7% were
academic backgrounds in science and engineering. Significant differences were also found across
majors, F = 4.873, p = .004. Counselors with science and engineering backgrounds (x = 4.04,S.D. =
0.66) reported higher professional ability than those from humanities and social sciences (x = 3.64,

S.D. = 0.78) and student affairs-related majors (x = 3.57, S.D. = 0.71).

Regarding professional qualifications, over half of the counselors (50.73%) indicated that
they did not possess any formal professional qualification certificates. Qualifications of global career
development facilitator accounted for 13.31%, the qualifications of psycholosgical counselor were
11.15%, and  qualifications of employment guidance counselor were 5.75%. Professional

qualifications demonstrated a significant effect, F = 3.093, p = .016. Counselors holding
psychological counselor certification (x = 4.03, S.D. = 0.64) reported higher ability levels than those

without relevant qualifications (x = 3.56, S.D. = 0.77).

Working experience as counselors was generally concentrated in the early to middle
career stages. The largest proportion of respondents reported 3-6 years of experience (44.24%),
followed by 1-3 years (31.3%) and 6-10 years (16.19%). Only a small proportion of counselors had
one year or less of experience (6.83%) or more than 10 years (1.44%). It also showed significant
differences, F = 2.426, p = .048. Counselors with 6-10 years of experience (x = 3.91, S.D. = 0.66)
reported higher professional ability than those with one year or less of experience (x =3.31,5D. =
0.97).

The largest group reported managing 151-200 students accounted for 35.25%, followed
by 150 students or fewer (24.82%), 301-400 students (24.56%) and 300 students (15.47%). The
number of students managed significantly influenced professional ability, F = 4.758, p = .003.

Counselors responsible for 301-400 students (x = 3.97, S.D. = 0.63) reported higher ability levels
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than those managing 150 or fewer students (x = 3.54, S.D. = 0.82), 151-200 students (x = 3.63, S.D.

= 0.74), and 201-300 students ()_c =358, S.D. = 0.81).
As for administrative rank, counselors with no administrative position accounted for
39.57%, deputy division director was 18.71%, deputy section chief was 17.27%, section chief was
15.82%, and division director was 8.63%. It showed a significant overall effect on counselors’
professional ability (F = 2.666, p = .033). Division directors reported the highest level (x = 3.96, S.D.
= 0.75), whereas deputy division directors (x = 3.52, S.D. = 0.79) and section chiefs (x = 3.50, S.D. =
0.85) scored lower. Deputy section chiefs showed a moderate level (x = 3.63, S.D. = 0.76), and
counselors without administrative rank performed relatively well (x = 3.79, SD. = 0.69).
Nevertheless, Tukey’s HSD post hoc test revealed no significant pairwise differences (all p > .05),
indicating that the overall effect was not attributable to stable contrasts between specific ranks.
This result suggested that, despite the presence of an overall group effect, the differences between
individual administrative ranks were not sufficiently pronounced to withstand conservative
adjustment for multiple comparisons.
Regarding professional title, Lecturers (29.85%) and assistant lecturers (29.13%)
constituted the largest groups in terms of academic titles, while 27.03% held no academic title. It

also revealed a significant overall effect, F = 4.299, p = .002. Professional title significantly affected
professional ability, F = 4.299, p = .002. Professors ()_c = 4.20, S.D. = 0.67) and those without

professional titles (x = 3.83,S.D. = 0.62) reported higher ability levels than lecturers (x = 3.46, S.D.
=0.82).

Counselors reported annual incomes between 80,000 and 100,000 yuan accounted for
28.05%, followed by those earning between 100,000 and 150,000 yuan (24.46%). Satisfaction with

current income was significantly associated with professional ability, F = 4.224, p = .002. Counselors
who were completely dissatisfied (x = 3.93, S.D. = 0.74) reported higher ability levels than those

who were strongly satisfied (x = 3.29, S.D. = 0.64) and satisfied (x = 3.48, S.D. = 0.76).

Overall, the findings indicated that professional ability varied significantly across several
demographic and occupational characteristics. Differences were particularly evident in educational
degree, major background, professional qualification, years of work experience, number of students
managed, professional title, income satisfaction, and gender. These results suggested that both
individual background factors and job-related structural conditions were associated with variations
in counselors’ professional ability, thereby highlighting the multidimensional nature of professional
ability development.

Qualitative interview findings further illuminated the existing problems underlying these

quantitative data. Participants frequently reported excessive administrative workload, blurred role
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boundaries between teacher and administrative executor, insufficient practical training systems,
limited promotion channels, and inadequate institutional support for counselors’ development.
Many counselors reported that routine management tasks consumed substantial time and energy,
leaving little time for theoretical study and long-term professional growth. As a result, while
counselors generally demonstrated adequate ability in daily administration tasks, their basic and
developmental ability remained relatively constrained.

In summary, counselors in private universities in Guizhou Province exhibited a high level of
professional ability, with comparatively stronger practice-oriented dimensions and relatively weaker
basic competencies. Counselors were characterized by youthfulness, short tenure, and heavy
workload pressure, and professional ability varied significantly across demographic information.
Existing problems primarily manifested as structural constraints, role strain, limited systematic
training, insufficient career-development support and so on, all of which restricted the

advancement of professionalization and specialization of counselors.

5. Conclusion

The demographic statistics showed that counselors’ overall professional ability

remained at a high level (x = 3.70, S.D = 0.91), consistent with prior studies suggesting that
institutionalized professional standards and policies contributed to the enhancement of
professional ability [20][5]. At the dimensional level, Communication and Expression, Theoretical
Instruction, and Student Cadre Development were comparatively higher scores. These
corresponded closely with policy-defined responsibilities emphasizing ideological education and
instructional functions [32]. On the contrary, Student Relationships, Psychological Well-being, and
Daily Administrative Affairs were rated lower. Existing researches showed that counselors are often
confronted with high administrative workloads and ambiguous role boundaries, which might limit
long-term engagement with students [28]. Another study further suggested that excessive
administrative duties led to occupational burnout [33].

Furthermore, consistent with Ecological Systems Theory and Holland’s theory. Ecological
Systems Theory suggested that professional ability development resulted from the alignment or
misalignment across these nested systems. When institutional factors, faculty-level environments,
and individual motivation operated in concert, they create mutually reinforcing conditions that
supported sustainable professional growth. Conversely, inconsistencies across levels could weaken
developmental trajectories. Holland’s theory strengthened professional identity helping align
personal values with occupational roles. When counselors perceived a stronger fit between their

personal aspirations and professional responsibilities, they were more likely to maintain
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engagement and pursue long-term development. On the contrary, unresolved role ambiguity or
weak identification might undermine sustained effort.

Therefore, enhancing counselors’ professional ability requires cooperation at university,
faculty, and individual levels. From the perspective of the university, it should clarify career
development pathways, establish scientific evaluation and incentive systems, strengthen
systematic training and career-stage development, and reducing excessive administrative burden.
Furthermore, priority should be given to maintaining a stable and supportive counseling team,
clarifying task allocation and coordination, and promoting continuous professional development.
Regarding to personal factors, counselors should strengthen professional identity and career
planning, enhance professional knowledge and obtain relevant certifications, cultivate resilience
and sustained learning engagement, and accumulate practical experience to better adapt to their
professional roles. In conclusion, sustainable improvement depends on the alignment of
institutional policies, organizational support, and individual engagement.

While this study provided empirical evidence for a multi-level framework of counselors’
professional ability, several directions remain for future research. Future studies may expand the
sample to include public and vocational institutions in order to examine the generalizability of the
framework. Longitudinal designs could further clarify developmental trajectories and potential
causal relationships. Influencing factors of counselors’ professional ability could be explored, such

as institutional factors, psychological factors, and so on.
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ABSTRACT

This study addresses the University Course Timetabling Problem (UCTP) in resource-
constrained environments using a Mixed-Integer Linear Programming (MILP) model based on Utility
Maximization. Distinct from penalty-based cost-minimization frameworks, this model employs a
weighted-sum objective function to reward satisfied binary faculty preferences while enforcing
capacity constraints. Testing across three behavioral datasets—Baseline, Compressed Week, and
Polarized Preferences—reveals that in over-constrained environments (32 subjects vs. 27 slots),
physical limitations dictate schedule volume, forcing convergence to maximum utilization
regardless of weighting strategies. However, in balanced scenarios, the weighting mechanism proved
critical for fine-tuning assignments and strategically resolving high-demand conflicts. This research
provides a transparent tool to quantify the trade-off between institutional efficiency and faculty

well-being to manage scarce academic resources.

Keywords: University Course Timetabling Problem; Utility Maximization; Mixed-Integer Linear

Programming; Faculty Preferences; Resource-Constrained Scheduling; Engineering Education

1. INTRODUCTION

The advent of the Thailand 4.0 policy has catalyzed a paradigm shift in engineering
education, prioritizing practical, computer-aided instruction over traditional theoretical models.
Core competencies such as Computer-Aided Design (CAD) and Artificial Intelligence (Al) have
become central to the curriculum; however, this transition has created significant infrastructure
bottlenecks. The demand for specialized computer laboratories now frequently exceeds available
supply, severely complicating the University Course Timetabling Problem (UCTP). This challenge is
further intensified by the need to accommodate complex faculty preferences, as instructors must

balance teaching loads with research and consultancy obligations. Academic administrators face a
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critical trade-off: disregarding faculty preferences risks professional burnout, while strict adherence
may lead to scheduling infeasibility or institutional inefficiency.

From an organizational behavior perspective, the challenge of scheduling can be
understood through the lens of the Job Demands-Resources (JD-R) model. According to this theory,
disruptive teaching schedules and poor resource allocation act as significant "job demands" that
accelerate physical and emotional exhaustion, ultimately leading to faculty burnout. Conversely,
granting instructors control over their schedules—by satisfying temporal preferences—acts as a
vital "job resource" that buffers against these demands and fosters academic engagement.
Furthermore, principles of Resource Management Theory dictate that in environments with fixed
infrastructure (such as specialized CAD laboratories), the strategic allocation of these scarce
resources is not merely a logistical puzzle, but a critical driver of overall organizational
effectiveness.

While existing approaches to UCTP typically focus on minimizing "penalty costs" or
dissatisfaction, such frameworks remain inherently reactive. This research addresses the limitations
of traditional models by proposing a Mixed-Integer Linear Programming (MILP) model designed for
Utility Maximization. Unlike standard penalty-based or fuzzy models, this approach utilizes a
weighted-sum objective function to actively reward the satisfaction of binary preferences. By
quantifying the trade-off between institutional efficiency and faculty satisfaction, the model
provides a robust decision-making tool for the optimal allocation of scarce resources.

This study develops a mathematical framework that optimizes the utilization of scarce
computer laboratory resources while simultaneously addressing the multi-dimensional preferences
of faculty members. Specifically, the research seeks to maximize the efficiency of fixed-supply
facilities against the burgeoning demand for computer-based engineering subjects, thereby
eliminating scheduling conflicts such as double-bookings and reducing underutilization during peak
hours.

The study aims to integrate diverse faculty requirements—including temporal preferences
for morning or afternoon sessions and specific teaching days—into the scheduling process. By
employing a weighted-sum utility function within a Mixed-Integer Linear Programming (MILP) model,
the research ensures that institutional resource management and individual faculty satisfaction are

balanced through a proactive, utility-based approach.

2. Literature Review
2.1 Evolution of UCTP Modeling Paradigms
The theoretical foundation of the University Course Timetabling Problem (UCTP) in

academic literature is primarily established as a constraint-satisfaction challenge. Early and
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foundational research focuses on the mathematical necessity of fitting academic events into a
finite spatial-temporal grid. However, as noted by Babaei et al. [1] and Chen et al. [2] in their
comprehensive surveys, the problem is inherently NP-hard, meaning that as variables such as
student numbers and specialized room requirements increase, finding an optimal solution becomes
exponentially difficult. This difficulty has historically led researchers to prioritize "hard"
constraints—such as physical room capacity and the prevention of double-booking—while treating
qualitative factors like faculty satisfaction as secondary "soft" constraints that can be traded off for
mathematical feasibility.

When examining the UCTP within the Southeast Asian context, and Thailand specifically,
the constraints are distinctly physical and developmental [3]. Regional institutions are rapidly
adapting to support national initiatives, such as the Thailand 4.0' policy, which emphasizes STEM,
Al, and computer-aided education. However, this pedagogical shift often outpaces infrastructural
expansion. Recent regional studies highlight this friction. For instance, research conducted at Prince
of Songkla University in Thailand demonstrated the necessity of binary integer programming to
manage strict teacher preferences against a limited supply of specialized laboratory rooms [4].
Similarly, broader Southeast Asian research, such as studies from Pancasila University in Indonesia
[8], underscores that as the volume of technical and lab-based activities increases while physical
spaces remain static, scheduling transitions from a mere timetabling issue to a critical resource
allocation bottleneck. While these regional studies successfully highlight the need to balance
localized constraints and faculty preferences, many still rely heavily on manual post-solution
adjustments or reactive heuristics, reinforcing the need for the proactive, exact MILP approach
proposed in this study.

In the realm of penalty-based modeling, classical studies have focused on minimizing the
"cost" of schedule disruptions. Davison et al. [5] recently expanded this by considering the added
complexity of hybrid teaching environments, while Ceschia et al. [6] provided state-of-the-art
benchmarks for these educational models. The dominant strategy used by researchers like El
Halaby [7] and Burke et al. [8] involves the use of Max-SAT formulations and decomposition
technigues to minimize "penalty costs." This standard OR approach aligns closely with Simon’s
theory of Bounded Rationality and "Satisficing" [9], which posits that complex administrative
decisions often default to finding solutions that are merely "sood enough" by avoiding negative
thresholds. Under these frameworks, every violated faculty preference is assigned a numeric
penalty; the goal of the algorithm is to produce a schedule with the lowest possible aggregate
penalty. Consequently, these models are theoretically and operationally reactive—they are
designed defensively to mitigate dissatisfaction and penalize constraint violations, rather than

proactively generating positive utility or maximizing faculty well-being.
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As institutional requirements have grown more diverse, the literature has shifted toward
multi-objective and multi-section considerations. Ozkan et al. [10] highlighted the necessity of room
stability and lecturer preferences within the context of business schools, while Darmawan et al.
[11] explored multi-objective modeling as a way to reconcile conflicting departmental goals. These
studies acknowledge that a single objective—such as cost-minimization—is often insufficient to
capture the nuanced needs of a modern university. By modeling several objectives simultaneously,
these researchers attempt to find a "Pareto optimal" balance where no single stakeholder’s needs
are completely ignored, yet the focus remains largely on finding an acceptable compromise rather
than a high-utility outcome.

Finally, recent advancements in the field have introduced sophisticated computational
intelligence to handle environmental ambiguity. Maspiyanti et al. [12] and Muklason [13] have
demonstrated the efficacy of genetic algorithms, fuzzy cross-over, and tabu-simulated annealing
hyper-heuristics in navigating complex datasets. Furthermore, Hua et al. [14] surveyed evolutionary
algorithms specifically designed for irregular Pareto fronts, offering tools to solve multi-objective
problems that traditional linear methods cannot reach. Despite these technical leaps, a critical
conceptual gap remains: the majority of these advanced models are reactive. They prioritize the
mitigation of dissatisfaction and the management of irregular variables rather than the proactive
maximization of institutional and faculty utility. This research identifies that while the "tools" for
solving UCTP have evolved, the "philosophy" must shift toward utility-based optimization to meet
the demands of modern engineering education.

2.2 Comparing Penalty-Based and Utility-Based Paradigms

The fundamental distinction between traditional penalty-based frameworks [6, 10] and the
proposed utility-based approach lies in both their mathematical formulation and organizational
philosophy. In penalty-based models, the scheduling environment is inherently deficit-oriented.
The objective function is formulated to minimize aggregate cost, typically expressed as
minZ = Z(pi X Ul-), where P; represents the penalty weight and V; represents a
constraint violation [8]. Consequently, faculty preferences are treated mathematically as liabilities;
the algorithm seeks the "least bad" schedule by mitigating the most severe violations, a
methodology closely aligned with defensive "satisficing" behavior [9]. In contrast, the utility-based
paradigm is asset-oriented. The objective function is designed to maximize aggregate satisfaction,
formulated as min Z = Z(Wi X ul-), where Wj is the strategic weight and U; is the
achieved preference utility. Rather than penalizing failure, this model actively rewards the
fulfillment of discrete preference constraints. From an organizational behavior perspective,
transitioning from penalty to utility transforms the algorithm from a reactive damage-control

mechanism into a proactive value-creation tool, generating a vital "job resource" that fosters faculty
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well-being [13-14]. While both models may yield mathematically similar spatial-temporal grids in
highly constrained scenarios, the utility-based model provides
a more transparent, positive decision-support framework that aligns institutional efficiency with
faculty well-being. A detailed comparison of these paradigms is summarized in Table 1.

Table 1. Theoretical and Mathematical Comparison of UCTP Modeling Paradigms

Feature Penalty-Based Approaches (Traditional) Utility-Based Approach (Proposed MILP)

Maximize resource efficiency and faculty

Primary Objective Mitigate dissatisfaction and avoid conflicts.
satisfaction.
Mathematical Goal Minimize Total Cost: minZ = Y (p; X v;) Maximize Total Utility: minZ = Y (w; X w;)
Organizational
Deficit-oriented (Reactive formulation). Asset-oriented (Proactive formulation).
Philosophy
Treatment of Viewed as "soft constraints" resulting in Viewed as active goals yielding reward scores if
Preferences penalties if broken. met.
Decision Obscures trade-offs by combining varied Clearly quantifies the trade-off between
Transparency penalties into a single "cost." institutional policy and faculty needs.

3. Research Methology
3.1 Data Collection

The scheduling horizon T is discretized into 9 distinct time slots per week. The specific
mapping of time slots to actual weekdays is defined as follows: Monday (Slots 1-2), Tuesday (Slots
3-4), Wednesday (Slot 5), Thursday (Slots 6-7), and Friday (Slots 8-9). Note that Wednesday
afternoon is excluded from the set T, reserved for faculty-wide activities. To enforce the faculty's
administrative policy of "Early-Week Utilization," a priority score (Pt) is assigned to each time slot.
The policy dictates that courses should be filled from the beginning of the week (Monday Morning)
to the end (Friday Afternoon) to maximize energy efficiency and operational flow. Therefore,
Monday Morning (£ = 1) is assigned the highest priority (9), while Friday Afternoon (£ = 9) is
assigned the lowest (1), as detailed in Table 2.

Teaching assignments define the demand for 25 course sections distributed among 19
instructors (A1-A19), as detailed in Table 3. Instructor preferences, derived from historical
schedules, establish two parameters for each faculty member i a Preferred Time (tpref) and a
Least Preferred Time (gy0iq)- This data drives the optimization model, designed to maximize
assignments to tpref while minimizing allocations to €g4,0ig to enhance faculty satisfaction.

Furthermore, the objective function of the MILP model is a Weighted Sum that balances
two conflicting goals: satisfying the administrative policy (Time Priority) and satisfying the faculty
members (Instructor Preference). For this experimental setup, the weights are determined based

on the department's strategic focus, as Table 4.
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Table 2. Time Slot Mapping and Priority Scores (Pt)

Time Slot (t) Day / Session Priority Score (P,) Rationale
1 Monday Morning 9 Highest Priority (Start of week)
2 Monday Afternoon 8
3 Tuesday Morning 7
4 Tuesday Afternoon 6
5 Wednesday Morning 5 Mid-week
6 Thursday Morning 4
7 Thursday Afternoon 3
8 Friday Morning 2
9 Friday Afternoon 1 Lowest Priority (End of week)

Table 3. Instructor Preference and Instructor-Subject Assignment Mapping

Instructor (7) Preferred Time (t,yy) Least Preferred (tgy0ia) Subject (s)
Al 3 (Tue AM) 9 (Fri PM) S1
A2 3 (Tue AM) 1 (Mon AM) S2
A3 6 (Thu AM) 9 (Fri PM) S3
Ad 5 (Wed AM) 1 (Mon AM) S4
A5 5 (Wed AM) 8 (Fri AM) S5
A6 4 (Tue PM) 1 (Mon AM) S6
AT 7 (Thu PM) 9 (Fri PM) S7
A8 2 (Mon PM) 5 (Wed AM) S8
A9 1 (Mon AM) 9 (Fri PM) S9, S10
A10 3 (Tue AM) 9 (Fri PM) S11
All 6 (Thu AM) 2 (Mon PM) S12
A12 4 (Tue PM) 8 (Fri AM) S13
Al3 5 (Wed AM) 9 (Fri PM) S14, 515
Ald 2 (Mon PM) 1 (Mon AM) S16
A15 3 (Tue AM) 9 (Fri PM) S17
Al6 7 (Thu PM) 4 (Tue PM) S18
A17 6 (Thu AM) 1 (Mon AM) S19
A18 8 (Fri AM) 9 (Fri PM) S20
A19 4 (Tue PM) 1 (Mon AM) S21, S22
Table 4. Objective Function Weights
Parameter Symbol | Value Description
Time Weight Weime 0.7 The high importance of the administrative policy to fill early-week slots.
Preference Weight | wy,.r | 0.3 The secondary goal of accommodating individual instructor requests.
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3.2 Mathematical Model Formulation

This section details of University Course Timetabling Problem (UCTP) using Mixed-Integer
Linear Programming (MILP). The mathematical model fundamentally separates non-negotiable
physical limitations (Hard Constraints) from desirable behavioral goals (Soft Constraints). Soft
Constraints and the Objective Function: Faculty preferences and administrative time priorities
represent Soft Constraints. Rather than formulating these as traditional inequalities that trigger
penalties if broken, they are integrated into the Objective Function as Equation (1). This allows the
solver to maximize Total Weighted Utility () by fulfilling as many Soft Constraints as physically
possible.

Hard Constraints: Equations (3), (4), and (5) represent the Hard Constraints of the UCTP.
The solver must achieve a 100% satisfaction ratio for these conditions; any violation renders the
schedule mathematically infeasible. Constraint 2 (Equation 3) is the Room Capacity Constraint,
ensuring Z x <1 Constraint 3 (Equation 4) is the Instructor Availability Constraint, ensuring an
instructor cannot be scheduled in two different rooms simultaneously. Constraint 4 (Equation 5)
restricts the decision variables to binary values.

The Mathematical Logic of Dropped Subjects: Constraint 1 (Equation 2), the Subject
Assignment Limit, is deliberately formulated as an inequality (ZX < 1) rather than a strict
equality (=1). In an over-constrained environment where the total Demand exceeds total Capacity,
enforcing an equality would cause the MILP solver to return an "Infeasible" status. By utilizing the
< 1 inequality, the solver is permitted to assign a value of 0 to a subject across all time slots and
rooms, effectively "dropping" it. Because the objective function seeks to
maximize Z, the algorithm will naturally assign as many subjects as the Hard Constraints permit.
The specific subjects chosen to be dropped are those whose inclusion would block other high-

utility assignments, thus minimizing the overall loss to the system's total aggregate utility.

Indices
/ : Set for Instructors, i € {41, A2, ..., A19}
Si : Set for Subjects taught by instructor i

T : Set for Available time slots, t € {1,2,...,9}
R : Set for Computer rooms, r € {1,2,3}
Parameters
Weime  : Weight assigned to time priority (0.7)
Wpres  : Weight assigned to instructor preference (0.3)
P; : The priority score of time slot t (based on administrative policy, 9...1)

Ui : The preference utility of instructor 7 for time slot t, defined as:
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-1 if t = ta0iq (Least Prefered)

1 if t = tyes (Prefered)
0 otherwise (Neutral)

Decision Variables

Xier ¢ IS 1if instructor i teaches subject s at time t in room r, 0 otherwise

Objective Function

Maximize Z = 3" " 3" ((Weme X P) + ey X U)) X Xiger (1)

i€l s€S; teT r€ER

Constraints 1

ZinmSI VieLLVSES; )

teET r€ER

szmr51 vt eT,Vr€R (3)

i€l s€S;

Constraints 2

Constraints 3

ZZx,-mil VieLvVteT (@)

SES rER
Constraints 4

Xiser € {0,1} VielIVseS; VYVt ET,VreR (5)

The objective Function as Equation (1) is to maximize the Total Weighted Utility (2), which
is the sum of the administrative time efficiency and the individual instructor satisfaction. The term
Wtime X Pt) rewards the assignment of classes to high-priority slots (e.g., Monday Morning).
The term (Wpper X U;¢) rewards assigning an instructor to their preferred slot (+0.3) and
penalizes assigning them to their least preferred slot (-0.3).
Constraints 1 as Equation (2), named Subject Assignment Limit, that each subject s taught by
instructor / may be assigned to at most one time slot and room. This inequality allows the solver
to leave a subject unassigned (x = 0) if no feasible slot exists, preventing infeasibility in overcrowded
scenarios. Constraints 2 as Equation (3), named Room Capacity Constraint, that each computer
room r can accommodate at most one subject at any specific time slot t. Constraints 3 as Equation
(4), named Instructor Availability, that an instructor i cannot teach more than one subject at the
same time t. This prevents the model from scheduling a multi-section instructor (e.g., A9) to two
different rooms simultaneously. Constraints 4 as Equation (5), named Binary Variable Constraint,
that this constraint defines the domain of the decision variables, restricting them to binary values.
It ensures that the scheduling decision is discrete and definitive: a value of 1 indicates that a specific

assignment (Instructor i teaching Subject s at Time t in Room 1) is active, while 0 indicates it is not.
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3.3 Computational Implementation

To implement the proposed optimization framework, the mathematical model was
developed using the Python programming language, chosen for its extensive support in data
manipulation and scientific computing. The PuLP library served as the linear programming modeler,
providing the interface to define the decision variables, objective function, and constraints within
a Python environment. To solve the resulting Mixed-Integer Linear Programming (MILP) problem,
the CBC (Coin-OR Branch and Cut) solver engine was employed. This solver was selected for its
capability to efficiently process binary constraints and guarantee an exact optimal solution for the
scheduling parameters defined in this study.

3.4 Scenario Testing

To evaluate the robustness of the proposed model and understand the trade-offs
between institutional policy and faculty satisfaction, a sensitivity analysis was conducted. The
model was solved under five distinct weight scenarios, ranging from a balanced approach to a
strong bias toward either time priority or instructor preference. The objective is to observe how
changing the weights (W¢jme and Wyye ) affects the final schedule structure. The five scenarios
defined for this experiment are detailed in Table 5.

Moreover, Table 6 presents two distinct datasets designed to stress-test the robustness of
the proposed scheduling model under extreme behavioral scenarios. These datasets represent
conflicting faculty cultures that create specific mathematical challenges for the optimization
algorithm.

Compressed Week (High Conflict) simulates a scenario where the majority of faculty
members compete for the same "prime time" slots. As observed in the table, nearly all instructors
(A1-A26) strictly prefer mid-week sessions (Tuesday, Wednesday, and Thursday), specifically time
slots 3, 4, 5, 6, and 7. Conversely, there is a universal aversion to the "edge" slots of the week, with
almost every instructor listing Monday Morning (Slot 1) or Friday Afternoon (Slot 9) as their least
preferred time. This dataset creates a high-congestion environment that tests the model's ability
to maximize utility when ideal resources are scarce and forcing assigcnments into unpopular slots is
unavoidable.

AM vs. PM Split (Polarized) represents a divided faculty culture. In this scenario, the
instructors are split into two distinct groups with opposing preferences. The senior group (A1-A13)
exclusively prefers morning sessions (Slots 1, 3, 5, 6, 8) and avoids afternoons, while the junior
group (A14-A26) prefers afternoon sessions (Slots 2, 4, 7, 9) and avoids mornings. This dataset tests
the model's capacity to handle temporal segregation and effectively implement "block scheduling"

without creating gaps or conflicts between the two groups.
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Table 5. Weight Scenarios for Sensitivity Analysis

Scenario| Time Weight |Preference Weight
Description
Weight (Wiime) (wpref)
SW1 0.5 0.5 Balanced: Equal importance to policy and people
SW2 0.4 0.6 Preference-Leaning: Slight bias toward faculty needs
SW3 0.6 0.4 Time-Leaning: Slight bias toward administrative policy
Swa 0.3 0.7 Faculty-Centric: Strong focus on individual satisfaction
SW5 0.7 0.3 Policy-Centric: Strong focus on maximizing priority time slots
Table 6. Instructor Preference Datasets for Robustness Testing
Scenario Preference
E SP 1: Compressed Week SP 2: AM vs. PM Split
Preferred (t,ref) Least Preferred (t4,,0ia) Preferred (£,,¢f) Least Preferred (tgp0id)

Al 3 (Tue AM) 1 (Mon AM) 1 (Mon AM) 2 (Mon PM)
A2 4 (Tue PM) 9 (Fri PM) 3 (Tue AM) 4 (Tue PM)
A3 5 (Wed AM) 1 (Mon AM) 5 (Wed AM) 7 (Thu PM)
Ad 6 (Thu AM) 9 (Fri PM) 6 (Thu AM) 9 (Fri PM)
A5 7 (Thu PM) 1 (Mon AM) 8 (Fri AM) 2 (Mon PM)
A6 3 (Tue AM) 9 (Fri PM) 1 (Mon AM) 4 (Tue PM)
A7 4 (Tue PM) 1 (Mon AM) 3 (Tue AM) 7 (Thu PM)
A8 5 (Wed AM) 9 (Fri PM) 5 (Wed AM) 9 (Fri PM)
A9 6 (Thu AM) 1 (Mon AM) 6 (Thu AM) 2 (Mon PM)
A10 7 (Thu PM) 9 (Fri PM) 8 (Fri AM) 4 (Tue PM)
ALl 3 (Tue AM) 1 (Mon AM) 1 (Mon AM) 7 (Thu PM)
Al2 4 (Tue PM) 9 (Fri PM) 3 (Tue AM) 9 (Fri PM)
Al3 5 (Wed AM) 1 (Mon AM) 5 (Wed AM) 2 (Mon PM)
Ald 6 (Thu AM) 9 (Fri PM) 2 (Mon PM) 1 (Mon AM)
Al15 7 (Thu PM) 1 (Mon AM) 4 (Tue PM) 3 (Tue AM)
Al6 3 (Tue AM) 9 (Fri PM) 7 (Thu PM) 5 (Wed AM)
Al7 4 (Tue PM) 1 (Mon AM) 9 (Fri PM) 6 (Thu AM)
Al8 5 (Wed AM) 9 (Fri PM) 2 (Mon PM) 8 (Fri AM)
A19 6 (Thu AM) 1 (Mon AM) 4 (Tue PM) 1 (Mon AM)
A20 7 (Thu PM) 9 (Fri PM) 7 (Thu PM) 3 (Tue AM)
A21 3 (Tue AM) 1 (Mon AM) 9 (Fri PM) 5 (Wed AM)
A22 4 (Tue PM) 9 (Fri PM) 2 (Mon PM) 6 (Thu AM)
A23 5 (Wed AM) 1 (Mon AM) 4 (Tue PM) 8 (Fri AM)
A24 6 (Thu AM) 9 (Fri PM) 7 (Thu PM) 1 (Mon AM)
A25 7 (Thu PM) 1 (Mon AM) 9 (Fri PM) 3 (Tue AM)
A26 3 (Tue AM) 9 (Fri PM) 2 (Mon PM) 5 (Wed AM)
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4. Results

4.1 Comparative Analysis of Preference Scenarios and Weighting Scenarios

Table 8 provides a comprehensive summary of the optimization outcomes across three
distinct preference datasets (SPO, SP1, SP2) and varying objective function weights. Crucially,
capacity structurally converged across all scenarios, regardless of the faculty preference distribution
or weight settings, the model consistently achieved the maximum possible resource utilization (27
assigned slots) and the maximum theoretical Time Score (135). This confirms that in an over-
constrained environment (32 subjects vs. 27 slots), the physical limitations of the facility dictate
the overall volume of the schedule.

Dropped Subject consistency: While the number of dropped subjects remained fixed at 5
(due to the 27-slot capacity), the identity of these subjects varied by dataset. This confirms that
the specific combination of dropped courses is a function of the local conflicts created by specific
preference overlaps in each dataset.

Table 7. Summary of Preference Scenarios and Weighting Scenarios

Scenario Time Pref
Assigned Dropped Subject
Preference Weight Score Score
5
SPO SW1, SW3, SW5 27 135 21
(A1-S1, A9-S9, A13-S14, A19-S22, A21-S24)
5
SPO SW2, Swa 27 135 21
(A1-S1, A9-S9, A13-S15, A19-S22, A21-S24)
5
SP1 All Sce. 27 135 15
(A9-S9, A10-S11, A18-520, A19-S22, A26-S32)
5
SP2 All Sce. 27 135 25
(A9-S9, A13-S15, A19-522, A25-529, A26-S32)

4.2 Comparative Analysis of Scheduling Outcomes

The comparison within the SP0 (Baseline) dataset reveals that the schedule remains highly
stable across different weight distributions, with approximately 95% of assignments remaining
identical. However, a critical trade-off emerges between Policy-Dominant scenarios (SW1, SW3,
SW5) and Faculty-Centric scenarios (SW2, SW4) regarding the allocation of the high-demand
Wednesday Morning slots. In the Policy-Dominant patterns (Table 8, the algorithm prioritizes
Instructor Ad (Subject S4) for Room 3 on Wednesday morning, forcing Instructor A5 (Subject S5) into
the low-priority Friday Afternoon slot. Conversely, when the model leans towards faculty
preferences (Table 9), it successfully reconfigures the schedule to grant A5 their preferred
Wednesday morning slot. This adjustment creates a ripple effect: Instructor Ad is displaced to Friday
Afternoon, and the multi-section Instructor A13 swaps which specific section is dropped (retaining

S14 in the first pattern versus S15 in the second). This demonstrates that while resource saturation
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dictates the overall structure, increasing the preference weight (Wpref) allows the model to fine-
tune specific "winning" assignments at the margins.

Beyond the baseline fine-tuning, the model's structural adaptability to extreme faculty
cultures is evident in the remaining datasets. Table 10 illustrates the schedule topology for the
Compressed Week dataset (SP1), where all weight scenarios converged into a single identical
schedule. This demonstrates that heavily avoided Monday and Friday slots are populated entirely
due to capacity limitations rather than preference. Similarly, Table 11 presents the Polarized AM
vs. PM dataset (SP2), which generates a distinct, converged topology that strictly clusters specific
instructors into morning blocks while reserving afternoon blocks for the opposing group. The total
convergence observed in both Table 10 and Table 11 confirms that in highly constrained behavioral
environments, physical resource limitations completely override the algorithmic weighting
parameters.

Table 8. Schedule Topology of the Polarized AM vs. PM Dataset SPO with weight SW1, SW3, SW5

Days Time Room 1 Room 2 Room 3
Mon AM A24 (S27) A9 (S10) A15 (S17)
PM A20 (S23) A8 (S8) Al4 (S16)
Tue AM 2 (52) A24 (S28) A10 (S11)
PM A19 (S21) A12 (S13) A6 (S6)
Wed AM A25 (S29) A13 (S14) Ad (S4)
Thu AM A22 (S25) A3 (S3) A17 (S19)
PM A26 (532) A16 (518) AT (S7)
Fri AM A26 (S31) A18 (S20) A23 (S26)
PM 5 (S5) A1 (512) A25 (S30)

Table 9. Schedule Topology of the Polarized AM vs. PM Dataset SPO with weight SW1, SW3, SW5

Days Time Room 1 Room 2 Room 3

Mon AM A24 (S27) A9 (S10) A15 (S17)

PM A20 (523) A8 (S8) Al4 (S16)

Tue AM 2 (S2) A24 (528) A10 (S11)
PM A19 (S21) A12 (S13) 6 (S6)

Wed AM A25 (S29) A5 (S5) A13 (S15)

Thu AM A22 (S25) A3 (S3) A17 (519)
PM A26 (532) A16 (518) AT (ST)

Fri AM A26 (S31) A18 (S20) A23 (S26)

PM A4 (S4) Al11(512) A25 (S30)
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Table 10. Schedule Topology of the Polarized AM vs. PM Dataset SP1 with All Scenario

Days Time Room 1 Room 2 Room 3
Mon AM A26 (S31) Al4 (S16) A6 (S6)
PM A21 (S24) A25 (S29) AT (ST)

Tue AM Al (S1) A16 (S18) Al1 (S12)
PM A22 (S25) A12 (S13) A2 (S2)

Wed AM A23 (S26) A3 (S3) A13 (S15)

Thu AM A19 (s21) Ad (S4) A24 (S27)

PM A25 (S30) A5 (S5) A20 (523)

Fri AM A17 (519) A8 (S8) A24 (528)
PM A15 (S17) Al13(S14) A9 (510)

Table 11. Schedule Topology of the Polarized AM vs. PM Dataset SPO with All Scenario

Days Time Room 1 Room 2 Room 3
Mon AM A6 (S6) A11(S12) Al (S1)
PM A18 (520) A22 (525) Al4 (S16)

Tue AM A2 (S2) A12 (S13) AT (ST)
PM A15 (S17) A19 (521) A23 (526)

Wed AM A3 (S3) A13(S14) A8 (S8)
Thu AM A9 (510) Ad (S4) A24 (S27)
PM A20 (523) A16 (S18) A24 (S28)
Fri AM A26 (S31) A5 (S5) A10 (S11)
PM A17 (S19) A25 (S30) A21 (S24)

4.3 Varying Physical Constraints

Table 12 summarizes the macroscopic outcomes of the extended sensitivity analysis,
demonstrating that these structural results remain entirely invariant across all five weighting
scenarios (SW1 through SW5). In the under-constrained Resource Expansion condition (36 available
slots), the model successfully accommodates all 32 required subjects, yielding zero unassigned
courses and an 88.8% resource utilization rate. However, when subjected to the over-constrained
Baseline (27 slots relative to 32 subjects) and Demand Inflation (27 slots relative to 40 subjects)
conditions, rigid physical limitations enforce a strict 100% utilization ceiling, mathematically
compelling the solver to drop exactly 5 and 13 subjects, respectively. The fact that the exact same
volume of scheduled and dropped subjects occurs regardless of whether the algorithm is
configured to be highly faculty-centric (SW4) or policy-centric (SW5) substantiates the primary
thesis: irrespective of the strategic priority an institution assigns, absolute physical capacity strictly
dictates the aggregate schedule volume, leaving algorithmic weights to govern only the micro-level

allocation of finite resources.



75 | nsasmenmansuasmalulad uns.aassgil Print ISSN: 2586-8101 Online ISSN: 2697-6447

U 10 atfudl 2 (nquAAL 2569-AaAN 2569)

Table 12. Impact of Varying Physical Constraints on Model Outcomes (SW1 - SW5)

Supply Demand Subjects Subjects Resource Algorithmic
Scenarios

(Slots) (Subjects) Assigned Dropped Utilization Flexibility
Resource
Expansion (+1 36 32 32 0 88.80% High
Room)
Baseline (Original) 27 32 27 5 100% Low
Demand Inflation

27 40 27 13 100% Negligible

(+8 Subjects)

4.4 Theoretical Interpretation of Utility Maximization

The outcomes of the model provide a clear empirical demonstration of Utility
Maximization theory in an operational context. In classical microeconomics, a rational agent
allocates scarce resources to maximize overall satisfaction, evaluating decisions based on marginal
utility—the additional satisfaction gained from one specific choice over another. The MILP model
acts as this rational agent.

This theoretical mechanism is perfectly illustrated by the "Wednesday War" observed in
the Baseline (SP0) dataset. Because the environment is heavily constrained by physical capacity
(enforcing a strict ceiling on total assignments), the optimization algorithm cannot increase total
utility by simply assigning more courses. Instead, it must evaluate the marginal utility of swapping
discrete assignments. Under Policy-Dominant weights, the model calculates that the utility gained
from fulfilling the administrative "early-week" policy outweighs the disutility of instructor A5's
dissatisfaction. Conversely, under Faculty-Centric weights, the marginal utility of satisfying A5's
specific temporal preference mathematically surpasses the time-priority score, triggering a strategic
swap that displaces instructor Ad.

This confirms that the model does not merely "satisfice" or randomly assign remaining slots
once capacity is reached. Instead, the weighted-sum objective function strictly enforces utility-
maximizing behavior, dynamically reallocating resources at the margins to ensure the highest
possible aggregate value is extracted from the fixed physical infrastructure based on the institution's
stated priorities.

As shown in Table 13, under Policy-Dominant weights, the model calculates that fulfilling
the administrative early-week policy generates a higher aggregate score, forcing A5 into an
unfavorable slot. Conversely, under Faculty-Centric weights, satisfying A5's specific temporal
preference provides a superior mathematical return, displacing Ad.

This confirms that the model does not merely "satisfice" or randomly assign remaining slots
once capacity is reached. Instead, the weighted-sum objective function strictly enforces utility-

maximizing behavior, dynamically reallocating resources at the margins to ensure the highest
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possible aggregate value is extracted from the fixed physical infrastructure based on the institution's

explicitly stated priorities.

Table 13. Marginal Utility Trade-offs in the "Wednesday War" (Baseline Dataset SP0)

Primary Wednesday AM Friday PM
Weighting
Optimization Allocation Allocation Marginal Utility Rationale
Strategy
Focus (Prime Slot) (Low Priority)

The utility gained from maximizing the
Administrative
Policy- administrative time-priority score mathematically
early-week Instructor Ad Instructor A5
Dominant ' outweighs the disutility of Instructor A5's
policy
dissatisfaction.

The marginal utility of satisfying Instructor A5's

Individual
Faculty- specific temporal preference surpasses the
instructor Instructor A5 Instructor A4
Centric institutional time-priority score, triggering a
preferences

strategic swap.

4.5 Computational Performance and Scalability

To evaluate the computational efficiency of the proposed MILP model, execution times
were recorded across the primary behavioral datasets (SPO, SP1, SP2) and the five sensitivity
weighting scenarios (SW1-SW5). The Python-based model, utilizing the CBC solver, was executed
on a standard computational environment featuring an AMD Ryzen 7 4700U processor (2.00 GHz)
with 16.0 GB RAM. The performance metrics, all based on the fixed departmental problem size of
32 subjects versus 27 available slots, are summarized in Table 14.

The CBC solver proved highly efficient for this departmental-scale problem, successfully
achieving mathematical optimality in under 0.3 seconds across every tested configuration. The
minor variations in CPU time (ranging from 0.2564 seconds to 0.2960 seconds) indicate that neither
the faculty behavioral culture (SP1 vs. SP2) nor the applied algorithmic weights (SW1-SW5)

introduced significant computational friction at this scale.

Table 14. CPU Execution Time (Seconds) Across Datasets and Weight Scenarios

Dataset (32 Subjects vs. 27 Slots) SW1 SW2 SW3 Swa SW5 Optimality Status
SPO: Baseline 0.2652 0.2566 0.2588 0.2564 | 0.2694 Optimal
SP1: Compressed Week 0.2728 0.2674 0.296 0.2679 0.2819 Optimal
SP2: Polarized Split 0.2636 0.285 0.2623 0.2613 0.2611 Optimal

4.6 Mathematical Proof of Constraint Satisfaction and Subject Dropping
To provide operational transparency for academic administrators managing over-

constrained environments, it is necessary to mathematically quantify the system's constraint
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satisfaction parameters. In all tested scenarios, the Hard Constraint Satisfaction Ratio was strictly
maintained at 100%, as the CBC solver is programmed to intrinsically reject any physical overlaps,
such as double-bookings or room capacity violations. Consequently, the necessity of dropping
subjects is not an algorithmic flaw, but a direct mathematical consequence of the system's
geometric boundaries. The relationship between the physical capacity of the scheduling
environment and the instructional demand for the Baseline dataset is detailed in Table 15.

As demonstrated in the table, the system is mathematically constrained to a maximum of
27 assigenments, rendering the baseline volume of 5 dropped subjects an unavoidable constant.
While the quantity of dropped subjects is dictated entirely by these structural Hard Constraints,
the specific identity of the dropped subjects is dictated by the Soft Constraints embedded within
the objective function. The MILP algorithm evaluates the potential marginal utility of all possible
combinations and isolates the precise subjects that generate the most severe scheduling conflicts.
For example, if a multi-section instructor possesses highly restrictive temporal preferences that
directly conflict with the administrative early-week policy, the algorithm will drop one of their
sections to free up prime-time capacity for instructors whose preferences align more efficiently
with the institutional utility weights. This transparent mathematical logic guarantees administrators
that dropped subjects are not selected arbitrarily, but are the result of an exact optimization

process calculating the minimum possible disruption to overall system utility.

Table 15. Mathematical Derivation of System Capacity and Unassigned Subjects

Parameters Definitions Calculation / Value

Physical Capacity (C) Available Rooms X Time Slots R

Instructional Demand (D) Total required subject sections S

Feasible Assignments Maximum allowable volume: min(D, C) min(32, 27) = 27 assignments
Unassigned Subjects (U) Baseline dropped volume: max(0, D - C) max(0, 32 - 27) = 5 dropped subjects

4.7 Discussion and Comparative Analysis

Comparing the schedules across the three datasets (SPO, SP1, and SP2) highlights the
model's structural adaptability to extreme faculty cultures. While SPO shows a balanced
distribution, SP1 (The Compressed Week) results in a schedule where Monday and Friday slots are
utilized purely for capacity reasons rather than preference. For instance, slots like Monday Morning
and Friday Afternoon are populated effectively despite universal aversion to these times. In
contrast, SP2 (The Polarized Split) generates a completely distinct topology that respects the "AM
vs. PM" tribal division, heavily clustering specific instructors into distinct morning and afternoon
blocks. Notably, both the SP1 and SP2 datasets resulted in total convergence for all scenarios,

indicating that in highly constrained behavioral environments, the physical limitations of the facility
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(27 slots vs. 32 subjects) override the weighting parameters, forcing the model into a single,
geometrically optimal solution to maximize resource utilization.

While physical constraints dictated the schedule's volume, weighting strategies proved
critical for fine-tuning assignment quality at the margins, particularly in the Baseline (SP0) dataset.
The analysis highlishted a specific trade-off—the "Wednesday War'—where shifting weights
determined the allocation of prime slots between Instructors A4 and A5. Policy-Dominant weights
forced A5 to a Friday afternoon, whereas Faculty-Centric weights granted A5 the Wednesday slot.
This demonstrates the model's value as a fine-tuning instrument that distributes inevitable sacrifices
according to specific administrative priorities.

To contextualize the efficacy of the proposed utility-maximizing MILP model, it is essential
to compare these outcomes with established findings in the University Course Timetabling Problem
(UCTP) literature. The results of this study demonstrate both critical consistencies with regional
infrastructural constraints and significant functional divergences from traditional penalty-based

methodologies.

— Consistency Regarding Physical Bottlenecks: The finding that extreme physical constraints
dictate schedule volume—forcing algorithmic convergence regardless of preference weights—
is highly consistent with recent regional studies. Similar to the findings by Choosawang et al.
[4] at Prince of Songkla University and Maspiyanti et al. [13] in Indonesia, this study confirms
that in developing or rapidly expanding technological faculties, physical space (supply)
represents an absolute hard constraint that easily overrides soft preference variables.

— Consistency in Multi-Objective Trade-offs: The model’s ability to fine-tune assignments at the
margins aligns with the multi-objective observations made by Darmawan et al. [12] and Ozkan
et al. [11]. These prior studies noted that a single objective is insufficient for modemn
universities, and our findings corroborate that adjusting strategic weights allows administrators
to successfully navigate competing departmental goals without causing systemic scheduling

failure.

— Divergence in Mathematical Philosophy and Transparency: Where this study strongly diverges
from the classical literature is in its operational philosophy and mathematical transparency.
Foundational UCTP models, such as those by Burke et al. [10], Ceschia et al. [7], and Davison
et al. [1], rely heavily on deficit-oriented, penalty-based heuristics. While those reactive
models successfully identify "least bad" schedules by minimizing constraint violations, they

obscure specific trade-offs by aggregating penalties into a single "cost." In contrast, our
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proposed utility-based MILP model proved divergent by operating as a transparent, proactive
tool. It quantified the exact marginal utility of satisfying a faculty member versus an
administrative policy, actively generating scheduling value rather than merely mitigating
scheduling damage.

Ultimately, while the geometric realities of scheduling remain consistent with broader
academic consensus, the utility-maximization approach offers a divergent, highly transparent
decision-support mechanism that is better suited for managing faculty well-being in resource-scarce
environments.

Despite its strengths, this study has limitations. First, the model uses binary preferences,
failing to account for degrees of desire handled better by fuzzy logic models (Maspiyanti et al. [13]).
Second, as an exact MILP formulation, scalability poses a challenge compared to the heuristic
speeds of algorithms reviewed by Chen et al. [6] and Muklason [14]. Finally, the framework assumes
a static environment and does not currently account for dynamic disruptions such as maintenance

or schedule changes.

5. Conclusion
This research addressed the critical bottleneck of computer laboratory scarcity in Thai
engineering education by proposing a Mixed-Integer Linear Programming (MILP) model focused on
Utility Maximization. Unlike traditional cost-minimization approaches that penalize soft constraint
violations, this study utilized a weighted-sum objective function to actively reward the satisfaction

of faculty preferences while adhering to strict physical capacity limits. Key Findings:

— Dominance of Physical Constraints: In over-constrained environments where demand exceeds
supply (32 subjects vs. 27 slots), physical infrastructure dictates the schedule's volume. The
model consistently achieved maximum resource utilization (100%) across all scenarios,
confirming that facility limitations override algorithmic weighting regarding total capacity.

— Convergence in Extreme Scenarios: Under rigid behavioral constraints—such as the
"Compressed Week" (SP1) or "Polarized" preferences (SP2)—the solution space converged to
a single optimal geometric arrangement. This indicates that when resources are scarce and
preferences are highly correlated, the trade-off between administrative policy and faculty
preference becomes negligible.

— Marginal Utility and Fine-Tuning: In balanced environments (Baseline SP0), the weighting
strategy proved critical for resolving specific conflicts at the margins. Administrators

successfully used the model to "fine-tune" high-demand allocations (e.g., the "Wednesday
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War"), distributing inevitable sacrifices based on set priorities without compromising overall
system efficiency.

Transparency of Trade-offs: The shift from penalty-based logic to positive utility maximization
offers a psychological and administrative advantage. It allows decision-makers to explicitly
visualize the "cost" of favoring policy over preference, transforming the scheduling process
from a damage-control exercise into a value-creation mechanism.

Validation of Algorithmic Flexibility Thresholds: Extended physical sensitivity analysis
confirmed that the weighting mechanism'’s effectiveness is inversely proportional to resource
saturation. In under-constrained environments (e.g., expanded room capacity), the utility
objective function freely optimizes faculty preferences. However, as demand inflation pushes
utilization toward 100%, the model shifts mathematically from a preference-optimizer to a

strict capacity-packing algorithm.

Future Research Directions

Fuzzy Preference Integration: Future work should extend the objective function to include
Fuzzy Preference Weights, enabling faculty to rank their time slots (e.g., 1st choice vs. 2nd
choice) rather than relying on a simple binary selection.

Pareto Frontier Analysis: Integrating Pareto Frontier analysis could help visualize the set of
optimal solutions, providing administrators with a menu of "non-dominated" schedules rather
than a single static output.

Hybrid Environment Application: Applying this model to a hybrid environment—mixing
restricted computer laboratories with general lecture halls—would test its versatility and
effectiveness across broader academic departments.

Scalability and Hybrid Algorithms: To deploy this utility-maximization framework at a
university-wide scale, future research should explore hybridizing this MILP formulation with
meta-heuristic algorithms (such as Genetic Algorithms or Simulated Annealing) to overcome

the exponential computational time of NP-hard environments.
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Abstract

The packaging labeling process in the canned food industry faces instability and production
waste, such as folded or misaligned labels, caused by the lack of precision in traditional open-loop
control systems. This research investigates the effect of infrared sensor installation angles on the
efficiency and stability of the can labeling process in an actual production line. Statistical Process
Control (SPC) techniques were applied to analyze process variation and assess production system
performance. The experiment compared a conventional labeling machine with an improved
prototype equipped with infrared sensors installed at angles of 35°, 25°, and 15°. Each condition
underwent 4 experimental runs with 30 cans per run, totaling 120 cans per condition under
identical operating conditions in the actual production environment. The quantity of correctly
labeled cans was analyzed using descriptive statistics, including mean and standard deviation. The
results showed that the 15-degree installation angle achieved the highest performance, completing
an average of 28.50 correctly labeled cans per run (S.D. = 1.29), or a 95.00% success rate. This
modification decreased the total defect rate to 5.00%. The original system exhibited a waste rate
of 72.50% (averaging 8.25 correctly labeled cans per run, S.D. = 1.50). The 15-degree installation
angle completely eliminated overlapped seam, misalignment, and label tearing defects. Positioning
the sensor at 15 degrees enhanced the accuracy of identifying the initial labeling position (Home
Position) and reduced optical noise from specular reflections off metal surfaces. Consequently, the
production process attained higher stability and reduced material loss costs in the packaging

industry.

Keywords: Infrared Sensor; Glue-Based Labeling Machine; Paper Labels in Canned Food Packaging;

Waste Reduction
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nMsUszendldinaluladdmiunisauauiiuiugilunisdnn1sntslmesvessuunsinenia
WU31 1) MIVegeuiiyy 35 091 WU AnaainiunInsgIusy 53 nszdes Andudesas 44.17 (nhe

13.25 nszlesmasay, SD. = 4.27) deunnsesinuuniignfedgymaaindnuindiuiu 26 Fu Anduies
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av 21.67 (whv 2.50 nzdowiesay, S.D. = 1.29) Jywrainudeunusiuay 12 u Amdudovay 10.00
(@ds 2.00 nszlesrosey, S.D. = 0.82) JgmaanUuavidunuiiuau 11 Fu Andudeuar 9.17 (0dy
3.00 nszUeasmosay, S.D. = 0.82) JgyumraainUaliadnnudiuiu 10 Fu Andudevay 8.33 (1adw 6.50
nszUawasay, S.D. = 3.11) Ugymaanwunuidiuiu 8 u Andudosas 6.67 (wae 2.75 nsvlaswsiosey,
S.D. = 0.50) 2) M3anyuduLIgasaLMED 25 831 WU ﬁmamﬂmummgwmﬁuﬁmﬂu 70 nszUad A
Judesay 58.33 (v 17.50 nszdesiasoy, S.D. = 3.32) YgmaandnuiauazaainUaliadvnusiuin
11 Fuwiiu Andudesar 9.17 (de 2.75 nszlasaseu, S.0. = 0.96) YaywaanUungidunudiuiu
10 31 Aaududeray 8.33 (108 2.50 nszUaewasay, S.D. = 1.00) {]zy,maa’mm?{amwuﬁmu 10 34 fin
Judesay 8.33 (wiv 2.00 nszdewiesay, S.D. = 0.82) Jymaaniunusuau 8 u Anludovay 6.67
(19d® 2.50 nszUosrasey, SD. = 0.58) way 3) yuiduees 15 e wuin liszAnsamnisinaain

gean laefinaainiiuunnsgiusiu 114 nszdes Andusesay 95.00 (e 28.50 nszleswasey, SD. =

v
o

1.92) nMsAnfsfiyy 15 aer ladwudgymaainUuesidu aannmaen wagaaininwin (X = 0.00, S.D. =

b

0.00) mauﬁaﬁéﬁwaﬂmﬁaﬁLﬂ'mﬂmmamﬂﬂ’uﬁwmu 2 3y Anvdusesay 1.67 (X = 0.50, S.D. = 1.00)

wazuardamaanUaldainduiu 4 Fu Andusesar 3.33 (X = 1.00, S.D. = 0.82) (M54 2)

A13199 2 AeAsuard T ULINATHINTBRAETUNATUUTSAVANLEANAIAR UL VNN SUS U UL

mshaRagumes
Fuvdaduiwes (asen: ©)

YTLANANURANAIN 35° 25° 15°
dwau | Sewaz | X | SD. [dwau|Fewaz | X [SD.|dwau|Zewaz | X |[S.D.
aﬂamﬂﬂhummigm 53 44.17 | 13.25 | 4.27 70 58.33 | 17.50 |3.32| 114 | 95.00 |28.50|1.92
aannTunsiiu 11 9.17 3.00 | 0.82 10 8.33 2.50 |1.00 0 0.00 | 0.00 |0.00
aamm?{am 12 10.00 | 2.00 | 0.82 10 8.33 2.00 |0.82 0 0.00 | 0.00 |0.00
aaNNU 8 6.67 275 0.50 8 6.67 2.50 10.58 2 1.67 | 0.50 |1.00
287NANVIN 26 21.67 | 2.50 1.29 11 9.17 2.75 10.96 0 0.00 | 0.00 |0.00
amnUaldadn 10 833 | 650 | 3.11 11 9.17 | 275 [096| 4 333 | 1.00 |0.82

kiet 120 |100.00 120 | 100.00 120 | 100.00

4.3 nanIduauingUseasdten 3
nsiUSeuigudndudounnseesEninessuuAIUANKUUINTAGANTUNSUSUA UMY AARS
WuwesBususauanmalunsed 3 ssuuiduddnsinisfeaainiiuuinsgiusesay 27.50 n15Aaca

WulwesNyy 35 04 waz 25 931 YreLlindnsinisfnaainiiuiasgiuduiosas 44.17 uay 58.33

U oS a0

AudWU Felnasaiivduiosay 16.67 waz 30.83 Weaileuiussuuifn nsindudugesiiyu 15 aam

a

sgansnngegalaeddnsinisinaaindiuninsgiuiosas 95.00 Faiintuiosay 67.50 3INTLUULAY

U9

nsfacafigy 15 o wdndymaainduszdu Jymaainnden wazdymaaindnuinliedauysal

lnsandndiuvendeadlaiosay 13.79 Sosay 20.69 wazsovay 27.59 M1ua1Au vaudenyy 15 096
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Aundarisstymaainiuiosay 1.67 (anasiosay 15.57) wazlgymaainlaliainiovay 3.33 (anas
Fouaz 17.36) NUIYUAAAY 15 83A1 @11150aAAURANEAtUNSARRaNTINaslaungadlais iy

FEUUATUANLUULAY (M15797 3)

M1599 3 MsllSeuiisudndiurendsduunmuuszinneuRanatanassuisudugesiiiuiu

JEUULHY
ANugNRaduazianan ansdIuNaLANAg
UsTANANURANAIN WUULAY Fuunauduiaduges (aed: ©) Wisufiuwuushu

35° 25° 15° 35° 25° 15°

amamnmummgm 27.50 4aa.17 58.33 95.00 16.67 30.83 67.50
aanUunsidu 13.79 9.17 8.33 0.00 -4.62 -5.46 -13.79
aammﬁam 20.69 10.00 8.33 0.00 -10.69 -12.36 -20.69
a8NNU 17.24 6.67 6.67 1.67 -10.57 -10.57 -15.57
aandnan 27.59 21.67 9.17 0.00 -5.92 -18.42 -27.59
aanUalalain 20.69 8.33 9.17 3.33 -12.36 -11.52 -17.36

39 100.00 100.00 100.00 100.00 0.00 0.00 0.00

5. afiusnenauazdalauaLuN1TITY

NnTnguszasdd 1 medesgiaunauardymlunssuiunisinaainnuiy Jadeduedesdns
warFSmsvhauduamendniiliiAsvesdesesay 82.11 FeaonadosiuuuiAniissyitauunnsos
Tuaenisudniniinainszuuniuauildannsosesfuanufuuusresnniwefld lnsangszuy
muANLUUTA (Open-loop Control) waiadpaindiliianunsauuudemiuaanadeuldviuinm
anga3 [21] aenrdestutedunafiisafuanudifyveinsdanisedesdnsiieinsyuiunisnand
AnusieLiles [22]

Jaymnisazvisuvesialane (Specular Surface) UiAINTzU 0@ INAlAYNTIADAULN UG 1VD
Wuwedifu Fslsosurelinsnsedmesuawuingiifinrusinmgaduguassaddressuuidunay
Wuwesasradulunugnamnssy [10] {]agmﬁﬁﬂﬁﬁwmemsszmmﬁmé{u (Home Position) AnwiiBuau
\Rnaannudeutavaaniy dadumnugydslunsuiunmsilimnuddylunisuiuusaieansununis
nam [15]

Hadeduanmzuandon 1wy anufeunazanutululssnu fuadeuantinameninvesian
Tagianzaruminvosnnfiudsuulawugumgll aeandesiunuue [11] Aszyinansdainluny
grawnssufanulwomaBsunlammaedmuanmuinden uazaeandostu Anuiarutulueinie
dsuasiennsvenemivesianwaglaanioaainnszay viliaandnundsvaennidadiaeldusedails]
AsTiveaeTosdnsLfu

wuanamsuAlalaenisid suiduszuuauguuuuisa (Closed-loop Control) Aeidulses
dunsusn Wunsuitiygvniinsaganiundnnsves [9] fiunsthiduwesuszgndldifionsziulssny

gevuudnlud® Feavtisandeunnsesainnisinaaind [13] weszyindugningauesussydueienns

v o
[ & Y

nsydes MIszyanvgAmIWIudLanavauazalunuITeiiadutuneuddgyndielinisesnuuy
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nsveasdludrrudaluianuuiuguazaiunsoanvesdelaag1aliuse@nsnIme NN gIuNITUT NS
AN1TAMAN [19]

NnInguIzasdd 2 :nnsuszgndlimaluladdmiunsemuauiiuiudilunmsdanismsimes
¥9338UUNSIIBNN WU MsUszgndlimaluladiduwesdunsusaiieuasussuumuguifuuuy
297 (Closed-loop Control) W18t ua s ug lun1sssyduniai uduvesnisdnaain (Home
Position) l#ognsiiUszans nm uanismadevdlfidiuinuindadumesi 15 osen udmnfinesi
mmsamﬁqmLﬁaw'1ﬂszhsJamé{’zgqpmumumﬂmﬁazﬁauﬁumﬁﬂam (Specular Surface) vuAINTE U4
%1 [10] eBureImInszdsesuauingifanuiuingaduglassaddgressuuitutasdueesly
NUgAAMNTIN MsidenyuannsEuTianzandsdenalasnsaieninugndesvesdyaadeoundy
(Feedback Signal) vliiszuuanunsamuwindumenisieaanldegiauiiomss

UsganSannsinaainAiiududuiusiunisanaswesvendegelidedfny Inawnizdamaain

o o

' £
[~

wiiouuaraainiudsanasmudduidlioUsuyudueslidnlng 15 e Joyaliaenndeaiuwuiinves

v

[16] Wilvianuddtyiun1susuUsenseuIunisiiioanaugadonasiunun1sndn wanainil Anuutug

o

Tun1snsardudeheantymaandnuaidniieanuseisldasiluvaznudnd tasannswindonuidy
ANUTUAINARDNTVYYAIVBITAARAINNTEAY FIN1TAIUANAIUNUINULI U1 YIUAARANTENUN

e nke [14]

- =

AMULEDETVDITEUULY 15 89A asviaur U T8 ULNIATEIU (S.D.) NNgn Fauansda

q

'
a

ANTINULYDINTEUIUNNT (Process Capability) ﬁqaﬁ'ﬁu ﬂ’li‘d%Uﬁ?ﬂﬁﬁaﬂﬂﬁaﬂﬁUﬂﬂu%@ﬂ [11] LAgIAUNIS
FansanaudfvaaivesansBafaildeanmandon iosndmnensdienmiduiusfusuns
vounsrllastelinnvhanldiduussansnmaneldgamgiilssnuiigs asuldinmsysannsiduisesii
fuszuumuausaluiATiedsunasinsdndulannuszaunsaiidunslideyaideiianiingavaeuls
939

Mningusasdl 3 mevssdulsydnsamasanaluladnismueulumsandndiuveadeifiniu
NNiAesAnaaIn sTrineneuLarvdIsUUUT Buudt UssAvBammshaugainiteiesdnssyuuiiu
nsusudseszuumuauiusuuslntdisandnsinisiinvesdesiuasainiosay 72.50 mdeliesiosas
5.00 luwimueansuaslandvonisagyisunaniunguesaiuad (Snell’s Law) duannsenugaumiiy
yuazsiou (; = 6,) vussuvduiavesialdenseUeslans [9] ManraduiiyuBesunlngify (35

o o

93A1) danaliauwasdunsisn (Optical beam) LAnnsagviausvileu (Specular reflection) Wgdasy

v
o o

dyaas (Receiver) vaaduasinensauindygiamasnsunmudanznisiieaan (9] nMsusuyufnas

s

WUl asBuUNIWIANSEAU 15 asrdiedsululinisasvsuseiiouliidesianiseantuniemudnewsg

WSudeu Msudygraeadumesiwsiaduanzauasayyiounsyids (Diffuse reflection) 91nN3

¥

Anruvesvaunsladldadsnudauasiaios (9], [15]
AULIUE1VDINTTLYAUMULTUA (Home Position) vilviszuurdalymaainivdeuwazaain

Vuneiduldiogvauysal nsmuanionenmamyuiiiismsidasanussienssenuazedadgmaainin

atuansiidnisveeivesiannszaie [10], [15] anudniaslumsiiussdnsnmilaenndasiv 7
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sryIMsyTanMIsEUUmuANSalulAtisenszdudnnuainsnveuaiosdnslugnaimnssunsuse
AnuLiusfind U saafuunsEnuasaTuasEnen mmsuddu R UgsAaTLAna AT TUR
gou [11], [20] srvuiivfudgdminuauauulsusuwesiuwiaaniinaiiinnissuuaadiafu ns
Fansaunmsedeyaniadftislilsanumuauuinsgiunssdnldaunasiiiiiue 21 msan
Frunuvendeaidlumenisnanaonadeiuuuinienisanmiugand slugnainnssaad eaduussguan
[22] nMsUssgnaldidugesuaznisinaaindmiuliivisidnanugydenuiuifanisndnwuudu [23]
aonufiunsenszfumeluladintesinussysusilundsiidulunmusuusivesgfousssusiumsgu
dmugusznaunisenvns SME [24]

daieuauuziBaszgnd

fUsznaumsmadentmungunsfindaduee sdunsusaiisedu 15 oam eldilurunsgu
TunsUitRnudmiunssuaunisinaainnszdedlanefiddnumsiiufinagiouuas isdaasdnnsdnih
uugfinIuAu (Control Chart) iileRamanadosnwvenszuiumsuantludnuvasidoalndmugluiuns
Uszilluduilanssougnszuaums (Cp, Cpk) Hussey Lﬁaﬁué’udwmmLLajuETﬂumsamamﬂé’ﬂmaevimEﬂsﬁ
NSAUANIABRIINATTIUAT LA

Forsuonusrlun1siduadsialy

nsAnwludrudaluasiinnudidniunmsieseiuiduiusvesladssiu (interaction Effects)
fidamaranuannisinaain wu Anuduiusseninnimenuduies szosiisvesqaini
Wuwes uardnwarnenenmuesiaqussyiusiusziandu Tasmsussgndldnisesnuuunismaass
(Design of Experiments: DOE) ilaifiumnuusiuglunisssyamnniimeifimnzauiian vonaniaasd
nsmuILUUSIasaanuny (Control Model) it aldlunisyiunenginssuvesssuuuazensedug

nszvIunswangnludandanudangunieliteulanisudaivainuaiesely
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WUIAALTAINTSUAMSUTEUUARNTRIANURAUNATIsEULUSE A TReadunisaIuuLuInig PRISMA
IINATAALEBAUNAINS LAY 320 UNADIL WU UNAMUT s kaz a3 LAs1 29 s 1w 35
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ABSTRACT

Facial muscle twitching is a physiological signal characterized by subtle, low-amplitude,
and short-duration facial movements, making it difficult to detect through conventional visual
observation. This study aims to systematically review the application of artificial intelligence in
facial movement analysis and to propose an engineering-based framework for neuromuscular
screening systems. The review was conducted following the PRISMA guidelines. From an initial pool
of 320 articles, 35 studies met the inclusion criteria and were selected for detailed analysis.

The findings indicate that Convolutional Neural Networks (CNNs) were the most
frequently used models, accounting for approximately 60% of the reviewed studies, followed by
Long Short-Term Memory (LSTM) models at 25% and hybrid CNN-LSTM models at 15%. The
reported accuracy ranges were 82-86%, 78-84%, and 88-92%, respectively. However, more than
70% of the studies still relied on micro-expression datasets such as CASME I, and only a limited
number of studies were validated in real-world environments. Therefore, this study proposes a six-
stage screening framework and synthesizes the limitations of current datasets and models, as well
as emerging trends in modern techniques such as Transformer-based, Graph-based, and Diffusion-
based models. These findings provide guidance for the future development of neuromuscular
screening systems.

Keywords: Artificial intelligence; Facial muscle twitching; Computer vision; Neuromuscular

screening; Deep learning
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Low-Amplitude Transient Signal of Facial Muscle Twitching
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NMIFUATIEAUNANUTRI NN TAAENTININ 35 UNAIY NUT LN TR
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duarzidoyainenarsiiunsaaden dlinaannismaaesigidedniunisies
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antinnssuiuguiiléfumanieneguninens desniieuansalunsainaadnuaesdeiuild
ageilusEAvEnnuazanunsaUssenaldiuteyainnsgulivainvate

ogslsfinny  WoRnsanluddinng wuiwuudiaes CNN  Lissed1afennialiiisme
dnsumseneinaedeulmunadnvonduidelunhifidnvaundutogadaim  dwalmfnms
WALWUUd1a09 LSTM Wwag CNN-LSTM lerfiuanuanansalunsiBouinsidasuulasmesdoyasening
wissAdle vazAdvasislvaiFugslugnisuszendld Transformer-based models [13] uay Graph-
based models [14] Fsaunsadamsmnudiiussrevenuarlnsaiadsiuiivesluniildosnad
UstAvBnmanntu  wwildudnanuandifiuisiiemnnisiauvesmiafoannaiouiaudnuands
fuiissegnadien  lugnaBeudideiuii-na  (spatiotemporal leaning)  karn1sanauuusaes
Anuduiusfidudousnniudmiunsussendliluszuuaunimdaaiorluewan i CNN-LSTM awdng
Wunnmamdnildfuaudedlussunssuiagiu wiwwiltresnideaanasvieuliidudsnaasu
rulugamtinenssufianansnGeudmnuduiusidaiui-naildesedussavsamenniy Ly
Transformer-based Wae Graph-based models Frornanedunuimamdnvesnuidelueuen
4.3 MaUTyuiisuAIANNLLEIVRILUUTIRY

NnmsdaaneideyaisUnamesunauiniunsfndensiuiy 35 uvAL WU
wUUTIaDAazUIZANIYNAIALLIUET (accuracy range) wanasAueeltd Ay lnauuudiass
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Memory (LSTM) fifnaduusiugreglugie 78-84% uagwuudnaaeuuunasnaIy CNN-LSTM Tiaiaanu
wiudgeiignoglutiag 88-92% fauansluniwd 6
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fuaduedoya TinsUssiiune wazdeulvnsmaans daifu nanaUFeuileufinamilingusvasdiile
agioununlilneruvesuuiaesildduaudadussunsy  mnnhmaieudsudaifssming
MAelnense

Tugdmnssy  waansasnanamnsaesuelidiuuiiass CNN - danuaunsalunisade
Azl (spatial features) annmlunthlfedredivssdninm uidsdidodialunisiase
mMsAsundandana vauil LSTM anunsnisuiddudeyaiaian (temporal dynamics) 16f wsiv1m
anuannsalumsataaudnvamdsiuiiesnsesiBon nswauisaesuumdlusuuans CNN-LSTM 39
ﬂhaiﬁmuﬁm%'auﬁ‘ﬁa spatial uag temporal features lanwsouriu dawaluiiuszansnmlunisnsiadunis
wdeulmwadnvesniudelumiilafsty

othdlsfinnn  easfinsanihnmausudsusenuusiuglunmateddumadiouiiouds
Funs18¥ (comparative synthesis) laldnisnnasaneldifouluientu fufu dauulugiisnenuis
lanansolfivioudeudedfuuunsaiald wonand  evuuenswesiinsUssdiy WU cross-
validation, train-test split Wag metric it (accuracy, F1-score) padsnaraaAfTenuludaz iy

wanseTgit I iduwnlilseuiuuudeaes ONN-LSTM  Sidneningdluns
Uszgndldiutigmnsrmadunianssgnvesndundelundt egdlsfinny nsitauuuuaeduouan
msfilsisinszansnmuastosfadunisUssinana ufinaeaeuluanminadousiadiotudu
ANNANNTOVRITEUURE IIUVITS
4.4 NMFIATIRITIIAINTIUVOINAANS

MnyuLeaTeImNTs WUt CNN fiaumangausensinnzitesanmimdodeyais
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5. pfiuTenauatalauauuLN1TINY
5.1 N138AUT1NALINIAINTIU (Engineering Interpretation)
nan1sAneTliiuinuuusiass CNN-LSTM fiusganSnmgegalunisinsisinisndeulm

yunadnvasndadelunth Tagliainnuusiugioglugig 88-929% Gegenin CNN (82-86%) way LSTM
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(78-84%) agaildedfsy Nillaunsoedurglaluddminssudr CNN danuasnsaltunisaingudnuaey
Feituiionawlum ved LSTM fanuanunsalunisdeudguuuuidana mamauisaoaiads
su'wLﬁummhmaﬁwu&iamsmm%’vé’igzy'lmﬁﬁuauwé‘gmﬁﬂLLaxLﬁmﬁuslu‘ziNmmégu
oglsfin wifuuudiaes CNN-LSTM aglinadnsiinniy uddididedfnfurududounes
TuimauazdununsUszinana dso1adwaron s luldolussuuiidesnisnisinnuiuy real-time
Tudsinng ufuuudiaes CNN-LSTM aeiifsldiuioudnuniadeuinudnvundiuiivands
wan witelalUSeudanaiuanuisieanududouredaswainuuudiaes anudensdeyatnaeuinuiu
1 wazgauentunsihluldnuiussuulssaanawuuiaiase lnsangluuiunveinisanngens
ﬂizG;ﬂ‘uaﬂﬁé’mL‘f':aiwﬂwﬁﬁmapmﬁmmmﬁﬂ Anldewlos wazdlaulwiedyyinsuniugs oy ns
Bonlfuuusaesisldmsiansanemgaanuuiug iy wiasiasansusuduunisssanans
ANNAINTALUNITOSUIEHA AVIUVUNUADH Y IUTUNIU kazALmInzausanTldnuaswe
wonani mu%%’aﬁa{aLﬂumiwmmwmﬁ’waaq CNN, LSTM #ag CNN-LSTM wJundn Inell
ﬂiaUﬂquamﬁmaﬂﬁme Transformer Wag Vision Transformer (ViT) Fadudinsthulflunsiesed
amuazileatnaundvanglutimdsd a.a 2020 silidiesnnsuszgndld Transformer lunisaadu
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Forauluviuni sairurudida Selaikunusinisdadeni fvuelilunsdnund egdlsfianm
Transformer faifufirmeifidnnmgsdmivaidelusunnn lasiamglunivesanuanansalunsdy
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5.2 Ma3auLigunuauIdeneinuun (Comparison with Previous Studies)
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5.3 231NNV (Limitations)
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5.4 daiausnuzamiusuldeluauian (Future Research Directions)
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6. d@3Una (Conclusion)
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Tuawanlaoenedsdiy
AdAey: dsnuaedy; Jaya1usefugiteadnaassa (Generative Al NMsguaaunInnieing,; dgeeny; latle
18 (LINE OA)
ABSTRACT

This study, *Development of a Generative Al-Based Intelligent Counseling System to
Promote Elderly Well-being and Reduce Caregiver Burden at the Community Level¥, aimed to (1)
develop and implement a Generative Al-based health support system for older adults, (2) enhance
their quality of life and overall well-being, and (3) reduce the caregiving burden on family members
and caregivers in Hua Dong and Charoen Phon Subdistricts, Nakhon Sawan Province, Thailand,
where the population has entered a complete aging society. The research adopted a Community-
Based Learning (CBL) approach integrated with proactive technology development through six
major activities. The process began with community surveys and needs assessment, followed by
the development of an intelligent LINE chatbot deployed on the LINE Official Account (LINE OA)
platform. The chatbot was connected to Google's Gemini Al through a webhook architecture,
enabling natural language interactions and accurate retrieval of information from a knowledge base
on non-communicable diseases (NCDs). The results demonstrated that the developed system
effectively reached the target population. A total of 161 older adults successfully registered and
used the system, representing 80.50% of the target sample (200 participants). Post-implementation
evaluation, based on responses from 105 participants, revealed that 54.29% of users immediately
applied the health knowledge gained after the training, while 34.29% reported improvements in
managing their health-related problems. In addition, users expressed a high level of technology
acceptance and practical usefulness of the system, with an overall mean score of 4.37, indicating
that the Al-powered health screening and preliminary consultation tool was effective and well
accepted. In conclusion, integrating Generative Al with a widely used daily communication platform
can empower older adults to manage their own health more effectively. The system not only
helps reduce the workload of healthcare professionals and family caregivers but also serves as a
practical model for developing sustainable digital health innovations to address the challenges of

an aging society.

Keywords: Aging Society; Generative Artificial Intelligence (Generative Al); Telehealth Care; Older
Adults; LINE Official Account (LINE OA)
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1. uni
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Fanusigesdanuuaruinnssy F9ldTarinauide 15ee mswaurszuulidUInuseaseseae
Hoyuszivgieaineassd oduaiuavamedgeenguarannssfuiuialussdugumuiy Tnesjatiuns
UszenaldUaya1Useugiieainaassn (Generative Al SauiussuuwsnuangansuzHuunana sy LINE
Official Account (LINE OA) Lﬁaﬁwmszuuaﬁuaﬂéums@LLaqsumwmﬂ"Lﬂa (Telehealth Support System)
dwiudgeongluiuiiduainuagdvaniyus Sminuasaissd dafidruaudgeengsamiumnn
3,381 A [21]

szuufandngnesnuuuliansnsofaniueiniadesiu Ineyagunniigndes iirlade uay
aunsoneuldiudldnudenwssafsumalulad Generative Al Snitasteidhay Tsnandsedu
guamluszozisudu madmaluladdsnanuld Lidssud 9reenseduaunm@inuazdaaiunisqua
AUNTNALLDIVDI G0V WAEIANL1I0TIBARNTELBIYR HAkA LATYAAINTNINITUNIE Suaz

Wiludnsadeszuuinadnuguamyusuifianuduuduazdbulueuan

NSAULUIANYBILATINIGIVY

PROFESSIONAL SCIENTIFIC RESEARCH
CONCEPTUAL FRAMEWORK DIAGRAM

F N/ — O\ =

INPUT PROCESS OUTPUT

@ o

Artificial LineApp = M AGILE @

intelligence
SYSTEM
Q ... Development DEVELOPMENT
Community Health Data Elderly User Quality of Life
Interaction.
&= A _/ = /
Software Development Result:

Personalized Line Bot for Health
& Quality of Life Enhancement.

gl 1 nseunIAnvedlasinsde
N0INA 1 wanINTeULIANN15TTe I Tun s szuuliR1US nwsaseedae
Jyanuszivgidsaiisassdifioduaiuguanzdgsenguazannisziuiuialuszduyuvu lnonseuiuifn
Usenausie 3 asrusenau loun (1) Input Usgnaumiemalulad Generative Al weUnaladu LINE uay
TouadvnNINUeIy d 9918 TusEA U NP (2) Process tT UNITWRAILITEUUAINLUIA R Agile waz
NTPUILMIHALNTZUY LileenLUY Wann nagey wazUiuussszuulinouaussionufosnisves
#lda1u uae (3) Output ABszUU LINE Chatbot dwsulidusnusuguadianunsaaduayunisgua

He901g duaSuAMAMTIN Wazann15eraEuSUIalUTEAUININ NTOULIARRINAILARIANLT BT
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sgninamalulad Yaya wagnszuaumsiauiszuy Jadunugiulunisaieuinnssudugunindda
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2. LNEITLULAZITUIYNINYIVDY

Tun1339ei309 "MsimuszuulidUsnundaasesmetygyiUssAvgaeaineassa iodaadu

¥ v

quANziatglaran eI UIalusERuYI" §I3glavihnmmunuenanskaruideiineiteuite

[

o 1% a ) X & % o w @ 1 &
ihanldidunsevnnAauazuuyslunsiauisyuu Insuvallomesnlulssnudfgame Uil

aa o a v

2.1 uwaAndUsEUUEUATNAITALAZN15IANTsTayAguA W
mafanszuvaunmlugadeeugsisdududesionmalulagansaunalunisaduayunis

Andule waziiasednsamnisuinisianisteyagquainiiesessuaudesnsiiiudueg19dellies [7]

o v

wennil nseenwuulassadanisdaiudeyaasaumaiuaunindsfaddinnuddgiuanugndes

YY) d‘

wazAuANyIaivestaya (Data Integrity) Wududuusn weliszuvaiusadaiv Aveya wazdly

Uszananaldogaiuszansnin Sanuindede uazuaendy [6]

2.2 maluladUgyanuszhvguazszuugunindanseenelng
Haatumeluladlyaussiviuarszuvaunmadviaudundunumddglunmsensziuns

auagunmmalnawazUszaunsalveslday [11] mavsvendldinalulagUyay1useivgideasnassd

o

(Generative Al waglumaniwiawinlug (LLMs) luguuwuussuulenuendaaivy Hvatuayunisiideya
guamuaznsidneudud ldauwuuisealndldegrslussdniam [1] Seaennadasduwuiliunisdi

Uy useRvgidnunduindoussuuuinsguainiasnsdeansseninaysdiuesesdnslugatagdu (2]
Tngiamglunanwvualngnddnenmgdunisiwmeideyananisunmduagasisdneuniaonndos

fuusuniamgyaaa [10] wendainil nsiauszuuneUauessnludfi unisiesse Webhook Tuwinas
walulaggunin (HealthTech) eglviszvvatunsadeuasvuinsauanludnuvasianisyana
(Personalization) leieghefiusyansnngsannasn 24 13l [18]

2.3 nMseanuuumaluladuaznissaniumaluladvacggeeny

Iy o

n1sesnwuukazuLnalulagdmiunqudaseigidedndauazideuluanziidesiansan
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og1sdiu Tnedesddafaniamienlunisldan mauie waznissensumaluladvesgeorgiduddy
[9] nsrUINNTRAWITIasTduuImesnisesnuuUsTuuLUUTidIus Iy (Participatory Design) fillalania
Tigldmunasdfiduisidenduniunumlunssuaunmsiinsgianudons ieliuinnssuaiva
aenndesiuUTUNLarITTIna3weyuvy [4] Feuanainagtreiiinyseansamlunisldauuds Sudu
wnedAglunisanaavdeuauazmagniendisulumadifeataimemedsauuazuinsguam
Adfavesigeongluyuvuvioaiuldegnauviads [14]
2.4 nMsUszgndldueundiatuiionisieanslunuguaimeyuy
msdenltunaniosunsioasesulaiivssvuiirnuduiee Wy unanmeda LINE Official

Account (LINE OA) 1lwpSeadiefifidnenmadlunisidndaldaulusedugusn Tnanisuszandld LINE
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TWsunsunisdnnisauesesUlelsasesilaegelideddny Snnidsisanguassalanaluladdmiu
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Hgeoneuaviinussavanmnisdeansiusziuiosiuldegadugusssu [13], [15]

3. 33N1599Y
Y

N739eA3eldun3eeseynd (Applied Research) nanuiun153de U iRnsuuuiiam
7% (Participatory Action Research: PAR) wagiuiniensdnnisiseuslaeldyguvudugiu (Community-
Based Learning: CBL) TnafiSnquszasdiil estmunuinnssuddia "ssuulvdiusnuidaaiosdae
Jayanusziivg i Feadaassd ieduaiuaguanizdgiegiazannszduivialussiuguy’ fadussuy
aduayunmsguaguamiaeegmilnainumeluladidvialussiuiiui Tnsfssfeuisivedeluil

3.1 Uszvnsuasnguiiegng

Uszynsnldlunisideasell loun Ussnisuuasgeorgiondeegluiiufiesnnisuimisdiu

FIUaRING 9UABLANAYT LATDIANITUINITAIUAIVALISYNE DUNDUTINANAY TITAUATAITIA T4

ATOUARNNALKENBETNANUFLINUUNIN QIRVTEKALANEIRY HUuW eanadnsans1suauUsedn
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ATOUARNUIUNLAYAIINABINTUYIRIIVRIYUTY
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Y
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Sampling) INNquR g0 kazguanausandansalnuuazldueundiadu LINE 19 saufisn

uyukay ea. Nunumduinudsiuguamluiiud Jadanunsenlunisldnusaznismagauszuy

o

YINNTIURITA

3.2 1AS99NALATNITNAIUNSS U

va

AIdelanndunisiaunssuuluguiuuignuenganiey (Smart Chatbot) Munnanwesy LINE
Official Account (LINE OA) TneUssendldimalulagUaauseivgiieadneassa (Generative Al: Gemini)
AT Webhook Liaidausanisvinusyninagléau srudeya uazsvuuuszananadaaies Tnedl
Funaunsiuiiuaded

3.2.1 YUABUNITIATIZHIZUU
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WIKa WiednserimganssunisidmaluladuazgUassalunisidifsloyagunin neudiynteyaning

q q

s A o 1%
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dldaundn 3 nqu loun dgeeny rdviedaua uasdminn/auaseuu (Admin) Gedesanunsali
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o

AUsnwiuguamileswu neudnuieiulsalifindeisess (NCDs) wagtigananuinanIuguaIn
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3.2.2  YUABUNITENLUUFIUTINALAZDIAANIAILEVAN
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AidglaTiusudeyannuifuguamuarisalifindaisoss (NCDs) 210N TN1NTUNNE

thauuvasdeyalviogluguuuu JSON (JavaScript Object Notation) (n1wdt 2) tlelifszuvanunsaonld
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3.2.3 JUABUNITWRIU
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FWelarnfunisiaussuuleeyaiunisdounaseninlyyiUssAvgidaiassfuag

e

wwanasunisdeanseaulay J5 vavduanamnaiineadl
1. N158351952UU LINE Official Account (LINE OA)

A3deliasnadyd LINE OA wieldidudumesandnlunisidneurudld Tnseenuwuy

wylazgULuunsuanalidedenisldnuvedgeeny ieangUassalunalulad (nmd 3)

LINE Developers About News Products Documentation FAQ Glossary More ®- @ ..
Console home TOP © Aluouswiouve o Aldwidy © Messaging API
Providers
Al gyiunn
8 essagi 47
Admin
A lougylo Basicsettings  MessagingAP!  LIFF  Security  Statistics  Roles

A oulout 2

AN_inebot 19665 i il
ey Messaging API settings
AnhDev
Ao Bot information
Saclapnlinebot Bot basic ID @30axuskv ®

cSCMES

T Center Chaopraya

QR code

Al 3 @59 Line OA Wugeanslunisdeasiudly

2. MIWRAIUITEUU Webhook wagn1sitiausiaiu Gemini Al
A37eldiTeuldnasna Webhook wiaidudinaiadeuseszning LINE OA AuszUy

Generative Al (Gemini) #1u APl (Application Programming Interface) dwSusu-detoyauuudnlusia
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Tngnszuumaviheuvesssuuuisesniu 2 nsdindn fie
1. mshvteyarnuiangiudeya JSON agluididedamsesld (nni 4)
2. mshiayaiufuaindumesidalunsdilunuteayaluadianugnielu

wena1ndl §I38lAasng APl Key N1uszUU Google Al Studio (n1wf 5) 1iei3enly

nuluwanwvuatig (Gemini Al Tun1siesiziianuivesAiauuazUszaiana

mneuluguuuunwisssuraidulinsiudgeeny

03 omao [ wieewws [ Project [ Engieh [ RobothiEspon2567 8 wan2!

Google Al Studio Get API key

A 5 Wausaiu Gemini Al B1U API

3.2.4 NTAARASLAZINELNSTIZUU (Deployment)
waanimwIsEUULESanysal §39eldfiunns Deploy s¥uutug Firebase Hosting (11wl 6)

Winld seuvatunsasaulatkazitndalatinuy URL ¥89 Webhook waziiaunaiu LINE OA wiswlaldenu

szuveganysal sesfunslénuresdlildnasn 24 4alus
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& CPUAI-Gemini- Functions-Da: X +

c 25 consolefirebase.google.com/u/ oje mini/functions/list

Signinto GitHub .. [ blockchain [ DAYTIENGTHAI [ SourceCode B§ GoogleDich [ Al

® Firebase CPUAI-Gemini +
Generative Al Functions
-4 Build with Gemini

Dashboard Usage
Project shortcuts

@ Protect your Functions resources from abuse, such as billing fraud or phishing Con

() Functions
&  App Check

Product categories Function Trigger Version

webhook
Build v us-centrall

Request 5
HTTP | ttps://wabhookjmk7w223ra-uc.a.sun.app e

Run v

Analytics v
#: Al products

Related development tools

DXEZ @

AW 6 N link webhook Ul Firebase Tuniseaulatflng webhook

3.3 ieRasilafldlunsiann
Tunsiauszuuadedl §idelfdenlfyameluladfngandmiunmsinun g lssiugiie
YUY il
33.1  Tudwvasmsidnauiugldeu (User Interface)
IsEonld LINE Official Account (LINE OA) lugosmmdnlunisdeans esanmidy
weUndeduiinfensuangudaeorgiauduaglunsldny
332 ludauvesuszunanadaasss (Al Processing)
4 Generative Al (Gemini) H1un"5 Wiausia API (Application Programming Interface)
WlevinthituszanananwsssuAnazaadnoulrugldou
333  ludruvainisiousiauazi@svines (integration & Hosting)
fin5.7gulAnLft ea319 Webhook waziindsd (Link) lUdnlivuaanasiunanyesy
Firebase tisessumsvhauvesssuulilimnuiafiosuazannsonovaussldldnasn 24 Halus
334  ludwn1sdansdeya (Data Management)
T¥n1sdaAudeyanuy JSON (JavaScript Object Notation) §atfugunuuldfiszuy
Aoufiawes ausaeukarfayalulssianasiuiu Al ldegneing
3.4 nsusausindoya

1
a v [

nsrvIumMaiuTundeyalun1sideaisl gnuusesnidu 2 szegndn ielinseunquiis

nszUILMIRT AN TILas I UTEdiune Gl

szuit 1 nafudeyaiiieyszneunsiauszuy: Wunsasiiuiidrsauiuneu wgfngs,
nsguaguam uazdadialumsliinaluladvesigienglufiufiduainuazsuaaiana tneldi5nns
dmauazdunuaidedn deyaiildinninnsisazduasgniduteimualunisoonuuundsnmdsm

13A (Knowledge Base) uazuuin1anislinauras Al Wivsngauiug Ly
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szaedl 2 mafuteyaileUssfiunadugns: didunsmendaniiiauszuuiasoauysal
waziUelsinguitmnenaaaddauaiduiui Tasfidevhnmafiununadoyaiuwuasuauasms
dunwal wlednszduanufianela anufanudilafuguamil sty sasnsumsanaswesaauinn
fafugunmuarssdiuauamTindiaty
3.5 Msieszidaya

dlesuiumafununudoyaataiu fideldihdeyauniaaeunnuauysoiuasiinmesina
FeFBnsmeatin deeaziBonselul

b3 anssaIun (Descriptive Statistics): 1flunsinneideyailuvesinouuuuasunu
woAnssunnsliauszuy wazdadrunindrdeuinnssuvesnguidmine lagldaadauanuosnaud
(Frequency) WazA13euaz (Percentage) Lﬁaa%maé’ﬂwmsz'a’swszﬂajmé’hasm

nsUszdfiuszavanuiianelavaznisinluldusslovd: Jinsesidoyannufaiuiarsziu
aufianelavesildnuiididestuy tnglddade (Mean: X ) wazArdnudsuuninsgiu (Standard
Deviation: S.D.) MNUUUAUAINKUULATIAUYTEAUAT 5 52U (5-Point Likert Scale)

fieid fAsldtmuanasinIulanueveszuLwRAETld et Tassduaufisnelauay
Ustloildsu Tnsudsoanidu 5 sedu feil

® AzuUUIAAY 4.51 - 5.00 mnefs anufiawele / n1sliussleviedlunms seduanniian

® AzuuWady 3.51 - 4.50 vueghia Anudianala / msldusslevdegluinast seeuann

o

® Azuuulady 2.51 - 3.50 vaneds Anuiianela / nsldusslemieglunadt seduuiunans

YR

® Azuuwady 1.51 - 250 vuehis Anudienala / msldusslevdegluinad seduliey

® Azuuwady 1.00 - 1.50 visneds anuianele / nsldusylevideglunun sedulesiian

4. HaN15998

= [ a (% a 5§ a

ms@nwiaseilidunisianunssuuliausnwdaasoraeduUseivsidaaseassa e

I Ag ] P

1Y

duasuguaiegeonguazannTEl uTuIalusEAURNYY Iaealun1InIunsE U UN S ge LS
wuuelad (Agile Development) uagnisdnnisieuslneldyuvudugiu (Community-Based Learning)
Faudnsiinssiuiunitud n1sesnuuudausauszarududld (U lWaudanisysannismalulas
UyaUsziugiTaasneassa (Generative Al) nansaiduauaunsadiausnisoandu 2 Ussiiumdn
oA man1simuILa AN YL YRITE UL Lasnan1sUseliuusednsamanuiinelainnisldnuass
Fswandensioluil
4.1 NANMINAILIUAZEINUUUTEUY
33‘UUﬁﬁ'@uuﬂ"ﬁuﬁaizuﬂﬁﬁm%mﬁaﬁazﬁaaﬁiyzywﬂixﬁwﬁl,%ﬂa%ﬁaaﬁﬁ \ioduaiuguanie
Hasenguazanniszguunalussiuye Tnelddeszuuin "Al eugyioii vasndsanlse’ daduuy
AUBnSIR3zTviauuuLmanwesi LINE Official Account (LINE OA) Tasmsidenldunanlesusana

Hgandedinsunsidifunaluladvesaey uaziialenmalunisldnuaiduseu
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i%‘U‘UQﬂEJEJﬂLLUUGLﬁVT’MﬁTﬁIL‘f]uLﬂ%imﬁaﬁlﬂﬂiadfj%ﬂ’]WLﬁ’mﬁmLaﬂﬁﬁﬂLLux‘ljﬂuﬂﬁ@jLLaGluLad
dmsulsalilfiasedoss (NCDs) Tngldninuanunsaves Generative Al lun13Uszaianan1e1sssue1d
(Natural Language Processing: NLP) tiloa$anslinaufilndidesiunsdoasvasyud
mﬂmiaﬁmLLUUiwiﬂ.mﬁwﬁqﬁqmmé’mmimmﬂduL‘f]mm'&fluﬁuﬁﬁ’maﬁamLLawT’maLﬁnga
sruvaunsosessugldnule 3 nquman loua
1.1 ngufigeonguazqd: annsnaeuniudoyagunin Uinwemaidesiu wasfudoya
MIALARULBIEIUNHETINYIA (Natural Language)
1.2 ngueraasinsansisagy (eaw.): Iiduaiesloddulunslinnuiuasfaaueinis
vosruluguruling195ans,
1.3 gauaszuy (Admin): a1u130dan1suazUsuusegudeyassdndnug (Knowledge
Base) Tuguuuy JSON wlelsf Al fimnsusiuduazviuaioogiane

o

Tuduvessiny ssuugnuuseaniduluga (Module) drdgyiieliidenadosiuingussasdves

o

¥
=1

1Asans madl:

° Iu@,amié’amsﬁaafwz (Smart Conversational Module): ¥inutif Jugrumniinlu

[

MIFUAINULAEIANBUNUREI®IEHIUTEUU Webhook TiWausiariu Gemini Al

RURT)

® lupadnn13599AAIu 038U (Knowledge Management Module): 1 udauns
Jauiudeyalsanarmuuzihduaunmiidnnseuds wWisld Al ffeyaumeududidu
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