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Abstract

This research aimed to: 1) examine the digital content presentation formats employed by
Punpromotion Co., Ltd.; 2) investigate graphic design approaches for presenting promotional content on
social media platforms; and 3) evaluate and validate the proposed graphic design guidelines for promotional
content presentation on social media. A qualitative research methodology was employed, utilizing
participant observation within Punpromotion Co., Ltd. The study population consisted of 15 staff members
from the Graphic Design and Digital Content Department, who served as key informants. Data were collected
recarding graphic design practices for promotional content presentation, as well as advanced applications
of Adobe Photoshop and Adobe Illustrator. The primary research instrument was a set of semi-structured
questions used in focus group discussions. The findings are presented according to the research objectives.
The study identified three key components that contribute to the effectiveness of graphic design for
promotional content presentation on social media, based on a case study of the Punpro Facebook Page.
First, the digital content presentation formats of Punpromotion Co., Ltd. comprise graphic design for affiliate
marketing and graphic design supporting SEO and website content. Second, the graphic design approaches
for promotional content presentation on social media include visual layout design for display media, image
enhancement, and image extraction techniques. Third, the evaluation and validation of the proposed
graphic design guidelines, as assessed by experts, indicated that the overall mean score across all

components was at a high level (4.55, S.D. = 0.04).
Keywords: Graphic design, Promotional presentation, Social media
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Abstract

This study aimed to 1) examine the relationship between Driver State Warning (DSW) and Headway
Monitoring Warning (HMW), 2) investigate the relationship between Headway Monitoring Warning (HMW)
and Forward Collision Warning (FCW), 3) examine the relationship between Forward Collision Warning
(FCW) and Pedestrian Collision Warning (PCW), and 4) develop a causal relationship model of behavioral
risk factors in dangerous goods transportation using data obtained from a Driver Monitoring System (DMS)
and an Advanced Driver Assistance System (ADAS). The study was conducted through a field experiment
involving 10 heavy-duty vehicles operating under real-world conditions, with each vehicle monitored over
a distance of 1,000 kilometers. The variables investigated included Driver State Warning (DSW), Headway
Monitoring Warning (HMW), Forward Collision Warning (FCW), and Pedestrian Collision Warning (PCW), which
were structured within a conceptual framework describing the progression of risk from driver conditions to
higher levels of collision risk. Data were analyzed using descriptive statistics, Spearman’s rank correlation,
and sequential linear regression to evaluate the relationships among variables and develop the proposed
causal model.

The results indicated that all variables exhibited non-normal distributions characterized by high
levels of skewness and kurtosis, reflecting the irregular occurrence of risk-related events under real-world
driving conditions. Correlation analysis revealed significant positive relationships between HMW and FCW
(P = 0.656, p = 0.039) and between FCW and PCW (P = 0.636, p = 0.048). Regression analysis demonstrated
that DSW had a significant positive effect on HMW (B = 0.967, p < 0.001, R2 = 0.935), HMW had a significant
positive effect on FCW (B =0.971, p < 0.001, Rz = 0.942), and FCW had a significant positive effect on PCW
(B = 0.972, p < 0.001, R2 = 0.946). These findings support the proposed causal relationship model,
indicating that risk propagates from driver conditions to unsafe driving behaviors and subsequently to
higher levels of collision risk. The study highlights the potential of DMS and ADAS data in explaining
behavioral risk mechanisms and provides a foundation for the development of safety models, proactive

risk assessment frameworks, and accident prevention strategies in dangerous goods transportation.

Keywords: Dangerous Goods Transportation, Driver Monitoring Systems (DMS), Advanced Driver Assistance

Systems (ADAS), Telematics, Behavioral Risk Analysis
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Monitoring Warning: HMW) n1stiaunaunisau (Forward Collision Warning: FCW) wagn1siouni1ssuiuaumnse

a

#3°n2219 (Pedestrian Collision Warning: PCW) @9@giaudeseauanuidsslunistuiniuasuniategnsnaiilo

£
[ S

[1-3] aghslsinu nudteiniiuulesdulngdng wdunisieszddtidasuanuvasadeludnuazsei

v3oliteyagUamnluninsiu Ingdwianisesuteanuduiusidadasaiesenitdatoanudsadanginssy

lnsianznalniian nesiTuldwmadonginssun1stul uagngdnssudainaniiauilugseauanuds sy

v
yaa °o o 1

ag1adud1iu eednmsasdanuiiifnnudidyegidduuiunvesnisuudsing dunsie F9AnuguLsIves

Y

guAmaiinansenulund1e ludmgud wwindaduuyed (Human Factors Theory) 83unginngAnTsuuazan e
vosfdul Wy Anmmilesdt mnuwnIen wazanuavla (Wuiedudifyiisviwadenuvasnieslunisiud
TasmuAanainvesmywdieduaiamdnvosgRmnuuieaun [4-6] vasiAeaiu uuAansiionennuidss
(Risk Propagation Concept) e e odldldiAng uuuusundy uifunszuruns@oataiinen
nMsavauLaznIsaIIUIEnINeladeeig 9 mmzﬁuﬁuﬁﬂﬂdmaé’wéﬂmaﬁwafjmﬂuﬁ’]ﬁu 7, 8] loRasangauiu
viunvoanaluladadeluy svuu ADAS uay DMS anansavimthiidunalnlunsasindunarasiouseduanuides
wuuBealnl Tnedyananiiew wu HMW, FCW uay PCW @wnsadanuldindufunumessedummmandeodiiiut
ogueifion Sudenadasiuiuafnmsiinssinginssumsdudifedaya (data-driven risk modeling) Adlstiitudn

o

AnudsainanUduiusvematetdadeludnuae sz uu [9, 10] aealsfiniy Useavsnavadssuuteas

E
c

o o

duge (ADAS) Lilduogfuaruannsavounaluladifissosuien uitueg fuufduiusseninegdud fussuu
(human-rmachine interaction) §siinasionsnevaussredygIafow MuATonuInNsiamiszuviniuly
(over-reliance) yiomslnuilsimnzanoianelmiinaudsdduguuuulmild 111] Tuuiunil ADAS Fslailégn
Asanfisdlugiuzied osflovisang UAmg uianunsadanudu “szuunsedunasasiioussiuauides
Jawatn” (dynamic risk sensing system) @saziiauseiuaudssiudduvesdyaionsion laun nsifiou
M5 usZELMIaINSaAUN (HMW) nsiieuneuniseu (FCW) uaznisifieunissuuaumnsedafinuing (PCW)
Fauansdanafiuseiuresanudsegadudii

TurugLfioany ﬁzuummﬁ’quﬁﬂﬁu@ﬁﬂ’wﬁ' (Driver Monitoring Systems: DMS) dlunu1naAtgy
Tunsussiiu “annzuearfdul” (driver state) sivudeyaimginssuuazadsineuuuGoaln Taoldinalulad
WuEes WU Naesdunsnn 133 wasmalindyyuseivg Lﬁafjmﬁzﬁwqaﬂssu WU Asnend nsazanenn
waznsideauns [12] muideuandihuinszuu DMS aunsansiadusdaflasfioussiuauiuduwazaruauls

Yo Ay 1 a a a =~ °o w a = o wa
GUENQGUUGUVLG]E]EJ’NMU%?MSWIW LLagllUWU’W]ﬂ’]ﬂQﬂ:uﬂ’ﬁa@ﬂ']']NLaEN"\]']ﬂ human error %QLUUﬁ’]LW@VaﬂGU@\TQUmLMG’J
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=

vuiaInul [3] wonaNi wqwﬁwqﬁmﬁué’ﬁﬂ’wLLaxmsmwi’Uwqaﬂiﬁmﬁm (Risky Driving Behavior Theory)
oSuimgAnssunstulflivasaduiinanyfduiusvesiadusunyed anmuwndon wazusunvesnistud
lneUadaiuuyud wu aumiiosdn anuaden warnisenetyn Sunvmddlunisdinanutiasiuves
woAnssudes Wy nsdusalndduminiuly uagnismovaussdomanisalant [13] uuiAadinanlasy

nsaduauuanuIdeilddoyavinssuy ADAS uaz DMS auandliiuinaiuisairdeyamnnisalunld

lun1snTdunginssudesiasimuisuuiiasinisaianisaiaudsdddegnadivuss@nsan [14] WWeysannis

'
a

wnAafanadfe iy amdsdunisiulamisaesuneludnuvazvesnsyuiunsisadu (risk escalation
process) Gauguainanmyesdul uazimunlugngnssunmsiuiflivasnds neuazasviouinudnyaoanion
N3V ADAS Iuizﬁuﬁqﬁuaﬂ’ldﬁiatﬁad TassasananaonadestulnAnyesnisaevenmudsadddi
(sequential risk propagation) LLasLﬁuﬁugmﬁwﬁ@umiﬁmmLL‘UUﬁhaaaLﬂ?jﬂﬂiﬂzﬁwwaﬂmsﬁﬂmiﬁﬂﬁﬁﬁa;&a
flalumsfinuaseuuiunmarudsingdunsesie muiadeilidenlisavsmnuuelngllunsvudsingsunse
$1uru 10 Fu TaldFun1sAndaszuu DMS waz ADAS agsauysal uazdinisujuRauaudeaieogiesoios
nsidennguiietsdanarndunisideniuueizas (Purposive Sampling) Wi slifanunsatfudayaivnnisal
Fruanulasadefiifiniuasinnisufoinuneauldedsdedouardinmnin lasdmuslfsonndudsves
manafiutayaminiud 1,000 Alawns iemuguanuuaniduszssnINInAuIIuazanenivie1LindY
MnnUTInumslinuilivindu dsalilddoyanseunauszazmaesin 10,000 Alawms Jafivswedmsunisinses
sunvuwMssifousazaudiusseninduUsaeldanmnsldnueie dumeililunsifuteyarsouagu

o o

WUNudeingduns1ease FeUsenaumIenIamvianaenanseninedanin Aulignaivnssy uagsidunadouse

q

4 a v

ANIAUALAZALINIZANBEUA LadiaNWaLNIINIEANUALENINANTISIVINMAINUATY N9 9NSIAUNeTEuElng

U
¥ '

M39519TVULLY wagRufififanudswonsiAngtimg madeniudidnuludnuuedndniingUizasd
el eyaildsuannsnasioungAnssunistuiuasmgmsalaudssiifind uneldanmmssniunuass
YoInTIUdI IS UnTIY uazuanudeioveauuudassauduiusifsavndivandulunisesunenaln
nstenenmaLdsndmgAnssuluuiunnisvudenis

meldnseunpniing anudeddunmstulaunseesueludnvazvedasiad addifu (sequential
risk structure) a3 ufuaInanInvesgdud (Driver State Warning: DSW) wagsiamnlugnginssunisdud
filivaends Fauansiunsiiounisiiussesiisainsadumii (Headway Monitoring Warning: HMW) 9niy
A ssazifinsedulugnisifieunounisvu (Forward Collision Warning: FCW) wazgavingluganudesves
msvulusedugs Fauansriunsifiounsyuiuauviedaiauans (Pedestrian Collision Warning: PCW) Fsaenados

o

fukwIAnveINsdsuslamgAnssuddulngldseuu ADAS wagmsussliuanudsadmainlussuveueud

o s

§9239% [15] PILAAINIUNITADUNITVUAUALNTOAINAUINN (Pedestrian Collision Warning: PCW) Lilanauaues
A9Y89719N198IAANTAINEY MUITeTTTngUszasdLi

afnwIAMUFLRUS B ad FuvesadnnuLE B ads
NEANTIY Imai%%ayjamﬁu%%qmﬂmﬁwmaaqmﬂamuuuiamﬁnﬂﬁuumimyﬁhﬂumwudﬁmqé’umw
& 3in15AnsesEUU DMS uas ADAS Tngyadunsinseianudunussening DSW, HMW, FCW way PCW
iewmuuuusiaean1saenennadssdadiiu (Sequential Risk Propagation Model) wazatUAUNTHAIWN

sruuUssiluanuidsadadeyadmsunisvudeing dunsieluuiunase nsevuuiaani1sidevesnisdneiil
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wanaRaguT 1 FeagraulasaassmuduiusdeadiuvasiuUingldunfanisanenenanudes lnelauusigiu

H1: an1muedudl (DSW) 1avisnaauindensiiounisiiusseevinaainsadunt (HMW)

H2: N5 ABUNNSIUSTEEIN9RINTaAUNL (HMW) A8nsnadauinsanisimeunaunissu (FCW)

a a

H3: NsLApUNBUNTTY (FCW) A87Tnalmeuinaeni1siiaun1ssunuaAuns adannving (PCW)

Driver State " Headv y | " ' Pedestrian
Warning - Monit B Collision Collision Warning

(DSW) - (HMW) (FCW) (PCW)

UM 1 nsoUMIANNTITevRINISANK

[

I3 a v
nOUILEIANITIVY

% v € a a

1. WafnwANUdUNUSLAaLdNSNaVad DSW i HMW
2. WeAnwANNdURUS WAL dNSNaYes HMW fa FCW
3. WiefAnwANUELRUSLaLdNSNaves FCW sia PCW

4. Wormunlunanuduius@Ewnvestadsidusdmginssulunmsuudsingdunsey

3Banliun133dY
9398t 0un1539u13 903 una (Quantitative Research) Ingldn1snaassninauu (Field Experiment)
aeldaninn19le91ua3s (Naturalistic Driving Conditions) 1 8@ nw1AUA NN USIFIa R UTeItaduANuLd B
dangAnssulunisuudeingdunse deyaildlunisfnviludeyaannnisal (Event-Based Data) MAUsIuTIM
Tuyaedudl 1-31 duran w.a. 2569 3nsausInnvuInbug 91wty 10 Au Aldlunisvudaingdunsieussian
9'o’ LY dy a 24 a b a va a ° I3 v
wdudamdaziellnsifeumad (LPG) aeldaninnisuuAeuaie lnenmunszegnianisiiuvdoya

Auaz 1,000 Alaluns sIusveenvazaniedu 10,000 Alawns Toyan13dulgniiusiusinkIusyuy Mobile DVR

'
Y

)
U Smart Eye Pro s?faL‘i‘]uiswgmnmiizmwizwmaﬁquﬁﬂisusiﬂuuﬂ (Driver Monitoring System: DMS)
WAz TEUUYI8L1A o) TUT T uga (Advanced Driver Assistance System: ADAS) Tngszuy DMS 1 inalulad
Joyy1Useavg amdundesdunsusalunsnsaduaniizves Tud 1y n159239u8Y (Drowsiness Warning)
A15%13 (Yawn Warning) WaYNTALEIIAIINLEUNS (Distracted Driving Warning: DDW) eﬁﬂgﬂﬂﬂmﬂizmamatﬂuﬁa
LU3 Driver State Warning (DSW) niz it 53U ADAS 19nd 0931a5183 n 1 1umii15a1i ons1aduine n13ol
AruaNUannne laun N1SAauAITIUTTEEY19AINTaAUREN (Headway Monitoring Warning: HMW) n15Lf o
Aaunsu (Forward Collision Warning: FOW) wazmsiieunisvuiunumiedsfiauans (Pedestrian Collision Warning:
W) Fudusudsilllunsinuedal

ns3dedaiunisiinseinalnnisaieneanuidedudnuaziBadiiu (Sequential Risk Propagation
Mechanism) lagimunnseutuIAnAuduiusseninadiuds DSW, HMW, FCW uag PCW feyafitAusiusiu

g IATIEiaelUsLnTI SPSS Version 26 Tneldaiifiiianssaiun (Descriptive Statistics) tioaduleanuae
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N1snszAevestoya b Atade (Mean) diudosuuuinggiu (Standard Deviation) AR (Skewness) wag
AAulad (Kurtosis) iiteUsetiiuguuuunisnszanevesdiuls mnduldnisiasiedanduiusuuvalesuuy
(Spearman’s Rank Correlation) tlasandoyaimsnisalainszuu DMS uaz ADAS fidnwauzidudeyaduvnnisal

fnnduldusy (Rare Events) danalimanlsuramainisnseanswuuliunfwazdaininus (Skewness) wae

o
LY =

AAulag (Kurtosis) Tusgdugs dedu n1sfnwfidadenldnisimssianduiusuuualosuuu (Spearman’s

a

Rank Correlation) ‘%Qlﬂ@’]ﬁﬂﬁﬂﬂﬁﬁ’WUH’ﬁLL‘\]ﬂLL"\NLLUUﬂﬂ@GUEN?TEJl;IJa FMTUNITILATIZNNTONDDULT ILEY

o«

va

fa7eldieUssuANNFuTUSIZiAN9TE NI MY IMUNTOUMNAANTIY LaglinsiaaeuaLaenAdDIres
HadnsTmAuAduUsEaASanduiusuarAaNuiidudAgmneata il llfinnsudasdeya (Data Transformation)
e nfein1sAsanvurveamaNsalNinduasInseuUnsRdualaeniy uazitelinan1siiasiziagyiou

aninnisaniuauasiniae wagldnisiiasizvinisanaesiduduagnadie (Simple Linear Regression)

enageumuduiusiBafiamsszminwanslusuudiass lnesenuadulszavsnisanassunsgiu (B) a1 p-
value wagAduuseansnisnivue (R2) Falalunisusesiudndiuainuwdsusiuuesmiwlsauiaiuisaasune

Tameduusdaselunsazaunis

1. ngusiegsuaznsiiudaya

o Y

nNaumaL9vRINMIANIHUTENOUMESAUTINNYRIA U1 10 Aunldlunisuudeingdunsie lneus

q

v o a o o v 1% a .. .. . o/ (1)
azAuddun1stul neldanimnisldaiuass (naturalistic driving conditions) Tnatiudeyaszasn1ainggiu
1,000 AlawmssaAu nsivuaszegnanTiabiviiuluyndu (equal exposure design) Heliteyaiiniuauna

(balanced dataset) LaganAINULBULDLIIINAIULANANVDITLHLNITENINYIUNINUE AHa LIS U8 ULBU

v o o a

anudvennamsalifouinuanulasndeseninssounasAuldegadveddyldings deyadiivsausindu

v a Yo A

Toyaidaunnn1sal (event-based data) F3lA91nsrUUNTINTUNGANTIUHTUT (DMS) UagsyuutILmAosduTuas

Y

1Y

(ADAS) Tnepsaupguwnn1saldday taun N1sifeunIsHIuseeeiaInNsaduntl (HMW) n1siiieunauniswu (FCW)

‘:4

LATNITIABUNITYUAUAUNTBA ANV (PCW) amdiadayaaning Tud (DSW) Fagnuanldlunisiiasiey

ANUFUNUSLTIBAUVDIANULFLINIUNTBULUUIIADINTTINY LAEANUALAAISE LN IUDILARLEUN N UL AT

¥
v a

Henulugdaunislanad

d; =1,000km; i =1,2,..,10 (1)

Tne?l d;unuszogmevesenumviuziui i

ATl STEEMNERALTINYRINISAUTaYaaNTakanlanall

10

Dtotal = é dl = 10,000 km (2)
i=1
mseanwuuiInantliansaUeuiieuteyasenitenunnug ldegadusssy uaranauewdes

NANUUANANTBITLEENSIUNTIATIENTRYAITUNANT 0]
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2. fuUsilalunisinen (Variables)

1
awv Ao o

n53deifmuasiuusmelsnseunuAnidedifureaninaies (sequential risk propagation framework)
Tngdnlassasramudunusvosdanusamuaidumn-nasgr1adussuu Usenaunae fdauusdass laun
anmvesfdiud (Driver State Warning: DSW) @eazviousziunamienuasanudodmginssuvesfdud fuus
Aunans (mediating variables) liun wnAnssun1sdudilivasadefauansimunaiieunsussesiisainsadu
1 (Headway Monitoring Warning: HMW) Lazdtyeyiaufaunisuuaisn (Forward Collision Warning: FCW)
Fovimihidudunureansfinszdunudssuseninanszuiuns uwagfuusan Tdun annudesveanisou
Tuseiuge Fauanshunsifteunisvuifunundediavg (Pedestrian Collision Warning: PCW) Tnesauusiiamsn
gnionludnuavesteyaiamnnnisal (event-based indicators) #lsa1nszuy ADAS waz DMS Tuanmnnsdud

3539 vbanunsaasiounainesanudssuazasivaeuanuduiusidsdduvesdiwlsldegadugusssy

luuSunvesmsvudeingdunsie

3. M3AATevidaya (Data Analysis)

aa a

3.1 d@nmyanssaun (Descriptive Statistics)

aa a

N15IATIENADAWaNTIANUT (Descriptive Statistics) gninanldlududuiieaSuigdnuaeugiu
WarFULUUNINTENBVRWILUTIAN K FaUsznausmiean nvasddull (DSW) woinssunsiuanliduaeads (HMW)
dyayrandounisvuaramiin (FCW) waganudssasnissuluseaugs (PCW) tnaanadaiily loun Anade (Mean)
drudguuunInsgiu (Standard Deviation) i eagaunuiliutngdiunatsuazaiuwysusiuvestaya
FiA1mUY (Skewness) wazArAaled (Kurtosis) iaUseldudnuazn1snsza18vestoyauaznsiaauadn

<) a v a ¢ Vv | 1Al [ a a1 Y a
Juunfvesdauds nanisiasigvinuinduusaiuluginisnseaguuulinduind Tnedaanudidsuinuay
Aanulaslusyaugs Jeaevoufivdnuarvesioyadavansalifinisinmanisalnnudsddussaugauudugag
(sporadic high-risk events) kaziin15n58INAIVBANANITAIIUUINYIIAT GNWUEAINATINANNADAARBINUUTUN
vo3fayan13IuTasa (real-world driving data) uazilumaraatiuayunsdenliisnisliesziniatiuuuliends
M315mas (non-parametric methods) Tutuneudnluvesnsinsevideyaogrumangas

3.2 NMFUATIZAERAUNUS (Correlation Analysis)

ATIATIEAENEUNUS (Correlation Analysis) Tunis@nwflaniunisiaeldandunusiuuades

s . Py o P Y] g a 2 v a &
wuu (Spearman’s rank correlation) Wasandaudsiidnuvaugnisnsgnewuuldildulniuasdudeyalavanisal
(event-based data) flauduarainulasluszauas ITnsasnawmugandinsunisuseliunnudunug

W98 URU (monotonic relationship) s¥ninedauuslagliidesedoauufgiunisnssatsuvuunivestaya

v a

lngn1sinseinsounquANNdNiussnisuUmanluwuuTaes laud anmuedduld (DSW) waAnssun1sdu
Maivasady (HMW) dyarafiounsvuaimiin (FCW) waganuidseasnissulusedugs (PCW) nan1sinsey

seeulugUvasrdudsvdnsandunus (p) wazseaudedAgn1eada (p-value) WeoUsviluniaiianisuay

o o '

ANULTNIwesrUdNRUS Inenadnsflauanslifudmnuduiusi@auinegdidodfysyninsudsunsag

'
o w =

819U FeatiuanuLiAnvadlAsIaIInNEsATE AU (sequential risk structure) iLdEAENSEENALAL

v

Wiusyavegemailieannngnssudtuiluganudswemsvuluseiuiauegindussuy
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3.3 M15IASIZHNTSANnaY (Regression Analysis)

MsAzinsanaes (Regression Analysis) lunsanwiiidnisanaesduduatisie (simple
linear regression) neldnseunsAiassikuudiutu (sequential regression modeling) titennaeuaaduiug
Fafiamesgninsfandsmudduresuuudasinsaneneaanaudsadadidu Tasimuslvianmaesidud (OSwW)
\Husuusdaseiildosuenginssunistuiilidvasasefauansihunaiieunisiussesiiannsadunii (HMW)
Tuduusn andungfnssunisduldananagaliidumuysdasylunsesuisdyaaifeunissudimi (FCW)
Tusudnly uasluduanine dygraufeunssudrmiignlilumssiuisanuidsswesnisvulussdugs Sauansuiu
naiounswuiuauniedsinuing (PCW) Tngseeuddulssans nisannosunsgiu (B) @1 p-value uag
Andudszans nnsiun (R2) i euszifiuiafiania AMNITYEIAYNENA LazAILAINITOVDILUUTIADY
Tun1sesureanuutstsiuvesiuUsauluuiazdu sisi nsiiesedsatunismsnasuanudeidiesves
anuduiusseninaduuslundagsedu e uduitnalnnsiiuseduvesnnudssddnvuzidunssuiunis

Bedavegraduszuuluviunvesmsuudsingdunsiy

WNan1539e

aa a

1. WANITIATIZAADALTINTTAUUN

A19197 1 ANADRATINTIUUIVDIFIMUTAUNGANTTUNITTUTLAZANEBIIINTZUU ADAS Uaz DMS

Variable Mean | Median SD IQR | Skewness | Kurtosis
HMW 143.1 52 246.64 | 134 2.803 8.267
FCW 9.4 4 19.07 7 3.019 9.334
PCW 29.9 13 54.55 12 3.076 9.602
DDW 107.2 77.5 88.55 111 1.641 3.244
DSW 0.1 0 0.316 0 3.162 10
Yawn 2.8 2 3.23 3 2.113 5.104

Drowsiness 1.3 0 221 3 1.447 0.837

a 1 @

1A15197 1 wanman1siasgadfdanssauianddiiiuinfuusdulng dnsaznsnszane
wuuliduund (non-normal distribution) IaediA1Anudidsuaniuszaugs (Skewness > 1) Tududsdaulng
Feagviouimsnszasvesdeyaiinuinnszandiogmasuun Tnslanziuds HMW (Skewness = 2.803), FCW
(Skewness = 3.019) uag PCW (Skewness = 3.076) ﬁﬁﬁiwmwmﬁg_jqﬂ’h 2 9819RAU wansdiansAnmANI0lAT
innludnwazliiahiauousnaind aenales (Kurtosis) vaeauls HMW (8.267), FCW (9.334) way PCW (9.602)
firgenin 8 Faavvieuiednuazvesteyaiiimiavin (heavy-tailed distribution) wagiinisnszqniivenanisal
anudssluunagaenan vazfisauds DDW Saranuduasainalasdussdutiunans (Skewness = 1.641, Kurtosis

= 3.244) uansfiansnsyevesdeyanifiatisnmuindudleieuiudmuwlsdudieinsanaiideseninsaielng



S
JOURNAL OF SCIENCE AND TECHNOLOGY JSSbC| 9

SOUTHEAST BANGKOK UNIVERSITY - p =
NIATINeIEansuazimalulad

VOL.6 NO.1 (January-June 2026) : 264706 UNINYINWIGDENUIINGN

(Interquartile Range: IQR) Wu1A3UUs HMW (IQR = 134) wag DDW (IQR = 111) danuudsusiuvesdoya

= Y o

Tuseaugs FeaeviouisnnuduniIuresngAnssunistudluaninnisleeuass vaeisuds DSW da1 IQR wirdu 0

Y
Y o Y & ¢ o [ a & " | o w o o a:'
ASATNTYFIUNINUY 0 LLﬁﬁNIVTLWU?WLWQﬂW?m@QﬂﬁW?LﬂWT“Lﬂ.ll‘U'e]EJ LLWNW?WNﬁWﬂ@IUEWUSWTE']ﬂﬂ']’]lll,ﬁEN

Fanginssuluszaudutinlagsin nan1sieszisenaniuduitdeyaddnvuznisnssarsuwuuldiluuniiodns

Y

o

Faau uavddnwaensifiamanisallugduuuliainate Swaenndesiusssufvesdayaliamnnn1saianseuy

ADAS uag DMS wagatiuauunsifeniiisnisiesginsadfiwuulisdensiiveslutunaudinluvesnsfin
2. ANSIATITHENTUNUS

A15199 2 ANFUUSEANSANFUNUSLUUATUSLUUTENINIAILUTANULER9INTEUU ADAS ay DMS

Variable Pair P (rho) p-value
HMW and FCW 0.656 0.039
FCW and PCW 0.636 0.048

Note: P = Spearman’s coefficient; p < 0.05 indicates significance.

v

a a I3 s & e s . v g
1NATNN 2 NANISIATIERENAUNUSLUUaALU 8T LY (Spearman s rank correlation) LLﬁfﬂQI‘ViLMU

o o a '

fapnuFUNUSTIUINeg 19Tl us AR UNEN AT ILUT IULUUTNEBY LABNUININISHBUNISIIUSLEY9INTOAY

o

U o s [ [

i1 (HMW) danuduiusideuinedrefideddgyiunisiiounaunisvu (FCW) lusedueautnegs (P = 0.656,

<

o
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Abstract

This research aimed to study the influence of perceived platform quality on technology
acceptance, trust, and the decision to use online medical application services, as well as to examine the
influence and mediating roles of technology acceptance and trust in the platform in the relationship
between perceived platform quality and the decision to use the service under the Stimulus—Organism—
Response (S-O-R) framework.

This study employed a quantitative research design using a cross-sectional survey. The sample
consisted of 400 users of online medical applications residing in Bangkok who had actually used the service
at least once. The participants were selected through purposive sampling. The research instrument was a
seven-point Likert scale questionnaire, and the data were analyzed using confirmatory factor analysis,
regression analysis, and Hayes PROCESS Macro Model 4 to test direct and indirect effects.

The research findings revealed that perceived platform quality had a statistically significant positive
influence on the decision to use the service. In addition, perceived platform quality had a positive influence
on technology acceptance and trust in the platform, while both technology acceptance and trust in the
platform also had positive influences on the decision to use the service. The results of the indirect effect
test indicated that technology acceptance and trust in the platform served as partial mediating variables in
the relationship between perceived platform quality and the decision to use the service with statistical
significance. The findings of this study confirm the appropriateness of the S-O-R framework in explaining the
behavior of digital health service users and indicate that the development of online medical applications
should emphasize platform quality, the promotion of technology acceptance, and the creation of trust in

order to increase the likelihood that users will decide to actually use the service.

Keywords: perceived platform quality, technology acceptance, trust in the platform, decision to use the

service, online medical application, S-O-R
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vouflifiazvioumsusziiudeinisiuiuasidedsive: dumsdaduladenlivinmsfumsnovausadmgingsud
Aetumendannszuiunisienan (5]

o

Tunsdlveaneundinduseulatimnisunnd nmssuinunnunannesuiinud e duiivas imszdld
AosUsyiurinanmdesssuukazAMAMBIUIMInSeuiu Wi anudelunislénu anunasilunsnevaues
AnuazaInlumMaddausms anudauvesdeya mnudaensdvvesdeyadiuuana uagauaansavesszuuly
msaseenusiulaundld (2], (7], 8] windld5uiiueundnduiinunings Aflwwliuiazseniumaluladainan

& = < ' = L3 v Y a v Y v v
WU wflesaniudnszuudvselevd T9nuldase uazaonadesiuanudenisiuguamuesnues [2], [5]
Yuzifeniu nseensumaluladenaduiugiudAgyidieduasuliiinanulindansunanesy wszifofly
FAndsuuihnuldegndivsyansainuazidodonssuuinisase anuliuiveuwazanuivaion1slduinisms

aa o 1 °

NswnndnuYemnRITagenanas uaztlugnsdnduladenldusnsluvinesian [5), [7), [9]

o v o w

winAdeRueeiidusesuenginssunsldimalladnisguamlilussiunils widsddedinddni
linseSuengfinssuvesdliueuniinduseulatnienisunnddiliauysalifime Ysgnisusn eAdeduiu
wndinAnwdadedununmunanesy niseeusumalulad vieaulindanenandu lvidwnyguueuds
‘gizmmiﬁm‘miaa%msjm'mﬁmﬁuémmﬂﬁammﬁhgmsﬂizmumilﬁmﬁu [10], [11] Usznsfides srusiuau
livfoss)sAnwanudslaldan uioanufianeladunadwsvdn widsiauideliundniysefurenisdadula

donldusnisnsenisldnuais Fudunadwsidmginssufiazvieunisdndulavesdldldlndifesusunaaunnni
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LY ' U A

TagianizluuinismamsunndnygldiesiatsamisUsslond anudss uazanudedunsudadula (4], [12]

1Y '

Usensitany udusunvesuinmanamsunndasiidnwasianizianulindadianuddggniiuinisidvanly

=

2] uidslaidauiisanedtnniseeusumaluladuasaiulindanesunanesy agvihuthndunalndsiusening
nsfuinunmunanresuiunsindulaidentdusnmislaedals

2 o i = o N i aov A Y2 1w av 1 a o ¢

NnUszAuiana Jahlgvesinmisife Auandiiuirdnaanidendnugldueundindussulall

mensunnglaglinseu S-O-R iieeSurtsmsdsinainnissuiamnnunasvesulignisdndulaidentdusnisin

o w 1

msveusumalulad wazanulinsdesounanedundenfiululunaiien Fecinaiiinuddyegneds waely
vsunmisunng lialddsnsiisaunanefuilianldd uidesnsunaswesuiiofieldifismedniunnsly
Uinsiiadestugunmvesmuesineg maldesuisunumvssmmilindamugiunmssessumeluladfionsls
ansaeduiengAnssunisidenlduiniamenisunndniueunaindulinensnsudau

ey aAdeiTajsdnvinalnnisdeduladentlduinsvesdliueundinduooulatimenisuwns neld
nseungud] S-O-R Insdmualvinissununnunaniesududasn (Stimulus) nseensumalulad uazaiy
insladeunannesuduanizaeluvesdld (Organism) waz n1sdndulaidenlduimalunisnevausuds

WeANTIU (Response) NTOULWIAARINA1IIEMIBVBRIARNSIALITUNg AN s lTluuTUNgUAMARYIa uazdle
gimuweundindunliuinsninisunmduazgimuanagnsuinsainsneaniuuinanesuiine uaueviala

a9UsEANSA N AuUeie wavanudulaveuldlangeu

U

IgUIEaIAnIITY

1. iefAnwnssuiaun nunaniesufiidninadenisdndulaifenlduinsweundintussulainig

ASWINE

'
$% § aada a '

2. Wefinwinsiuinunmunannesuiiidvinadenisseusumalulaguald

1%

3. Wefnwn1suinunnunanesunidvsnasenulindadeunannesuvesls

v a '

4. Wisdnwnseausumaluladuazanulindadewnanvasunidndnasenisdnduladenlyusniswey
nawduoaulaunIanswmneg
5. Wia@nwunuImnsasiuveInseaunsumaluladuazanulingdasnsunannesuluanudunuss g

nmssuiaunnunannesuiunmsindulaidentduinsueuniiadusaulatinianisunme

/AUy
UsEynsuasnguleng

M9t dun1s3dei@eUsunn (Quantitative Research) Tuguiuunisd139n1adnawing (Cross-sectional

a

Survey) lagyjsdnwinalnnisdndulaiienlduinisvesdldueunfintussulatnisnisunnd aeldnsounuidn

o

Stimulus-Organism-Response (S-O-R) Usgwnsidmngvesn1sidell Ae fldueuniiadussulatininisunmdn

o
o |

fiong 18 VUuly wazaslduinisiiukeUndindued19ioenilenss 1y nsdanuIenuwnmng nsUsTnyILnme

v
v v A

slna NMsianLeINg Nsidndsdayadunin wiousn1sgunmsUluuduHuuNanlasuAIYia vl USunves

o

weundnduesulaunisnisunvgdnnumineausenisdinw wWeswinduuinmsadviafiierdedasnssivaunmn
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£ ]

masnsiy Teyaduyana uazmsiuimudswesld Suilrinszuiunmsdnduladenlduinsianududon
unninsliunanme suAdviamly

nsAaLiennguf19819l938n15quwuULR1299 (Purposive Sampling) lagfvunnuaudivesnau
wuuasuaw deadufifiuszaunsallfueundinduseulatmensunmdaiddutag 6 Weuiiniuan teliigmey
ansaUsziiiununmunanesy nMsveusumalulad anulindadounanesy uaznisdnduladeniduinisle
9nUszauNTalngs LuvABUNLazgRNELNTHUaneYeama leln Aedsrueeulayl nquiliuinsguamadsia
yuvuooulatiiAvadesiugunn waziaietsvesliuinismenisunmg elminfendudlifsinnumainvane
uaztIsanoARTNNERnEannguiaageiaenuLs (self-selection bias) lusedunils uonand wuuasuaags)
foudansedluneudu ieBusuingpoududfingldusundindusouladmansunndateieudngdumauman

dwiurundiiegng wﬁ585ﬁﬂuumﬁ1uauﬂejuﬁaaﬂﬂaﬁfﬁwmu 400 fegns Tnenisguuwuulamsuinuau
Uszans Faduvuieivangandmdunisiieszingduls Inslaniznisiinszvessdusenould sfudu
(Confirmatory Factor Analysis: CFA) Wagn151A@8Ud B NAN1NATILAE N0 0NVBIAILUTAIENITILATIENDNDBY

wag Hayes PROCESS Macro 1483128t u814199n19adf (statistical power) kagtadasnimvasa1Ussuiu

M99 05U UUTIaB9IVY

inseslaflilumsideuazmsiiusiusudeya

matdeiilduuvaeuamdueiesdolunsiviurudeys IneldunsTawuumatsdamanu (Multiitem
Scales) fianTuannsoulIAnvesNAIToLazdauUasInuUUAs UL AN N A fUUSUNTR s UNALATY
USnwunndeaulad dauusudnlunseuwuiAnusenaume 4 fauus laud nMssuinanmunannesy (Perceived
Platform Quality: PPQ) nseensulnalulad (Technology Acceptance: TA) anulinslansunwanasy (Platform
Trust: PT) uaznmsdindulaidionlduinig (Decision to Use: DU) Tnedfodauiavmnindasnasdudiasn 7 seiy
Faudt 1 = Yfouiign fa 7 = wndian ol neun1snageUaNuigIuAzinsUsziunuANUedlueanTInAI8n1s
AAsziesAusznoulBsBiudu (Confirmatory Factor Analysis: CFA)

meldnsouuuifn S-O-R mssuiaunmuwanlasu (PPQ) gnivuslvidudasrniouen (Stimulus) 7
fli5uandnvuzvesueunaindunaznanmnsliuinmsinuuwanilesy vazfinissensumalulad (TA) uag

aulindaseunasvlesy (PT) asviouannznaielurewld (Organism) lusinunissus Ussiliuan waradnuiesy

' v
a a =

nowalulad d@unisandulaidenlduinig (DU) 1unadwsiBangfnssu (Response) A1LAAT UA1EWA 1910
N3EUIUNTIUIUAzUTIIUAINET)

1) Mmssuinmuninunanvlesu (PPQ)

Aawusnssuiaunmunanlesy (PPQ) Indledediniu 3 To lnessazviounisiuives]ldnanmuain
Tngsauvaaweundindulusiuanuiianels anudirelunisldnu uazanudaiauvesdeya Yamaudsznaume (1)
woUnalduUnwunmdesulat viliuiswelalunslduinng wu Uinmsfisinigs mslideyanmssnuiignes
(2) woundduuinwunndooulad sanwuuniisswazlomsuviliinuldinudie (3) weundduuinwiunng

souladl dillomuazdeyanaunsaviarudilalade
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2) msgeusuwmalulad (TA)

muUsmseeusumalulad (TA) dasiedermaiu 3 U8 lnvarviounisiuivesdldsenisiauinaluladves
weUnALAu Wilufunsesnuuuduiasefly mswaunilsidunslda uaenisuiusueundindusnaeiies
mudetausuurvesld fefanudsznause (Dvumuiueundiaduiimssmandos User Interface tilalsiviu

Tduladinenian (2) vinunuiueundnduuinwunndesulal dnsimunviuilandunasiinestuu Wesesy

'
a

msldaufivarnraisuazasounqu Wy wmdamiznsfiunnduuazsainuans (3) viuwuiueundiaduiinigiu
Auuzth Mdvy uazlimssmannestusgsasiiase

3) anulinddasounanesy (PT)

fndsarmilindadeunaniasa (PT) Sasedadiann 3 4o lasaseunquarndesiuvesldsoniy
gnAesvestoya mrudesiuluduuzhilésu uazarudasadovesszuunowdildiu efnuszneuse (1)
weUndiedulinuumndesulatl T uuginasdeyarigndes2) viuidniulalufuuginazduinmannsly
uueUnaadulInwunmdosulati(3) weunaadulinwunmdosulal fszuunsiudusimunsudldanud
Uaenfnnais (eniieg1e 1wy seuvaunuaneiigie szuu Passcode)

4) msanduladenlduinig (DU)

fudsnisdnauladenliuinig (0U) Sadetedin 3 4o lavasiounruidalunndonlduoundiady
Wiasuuinismanisunmg saufsaruddlalumsuendeunddu fefnuusznaude (1) iufarudaladiazld
UinmsuoUndindutinwumsoouladlumstumdeyamanisunmg (2) viudlenuddlafiaglduinisuoundiady
Uinwunmdesulatlunisinemismaunmd (3) vinuazuusihliyaradudonldueundinduuinuwmedooula
willouriuviny

rounafiudieoyasie uwvasunuldgnadviusinandedietion 3 au ionsaaeuanunsadaion
ATAVINZANTRSN Y UazANABRRdRsTzrsTemaufudsnudsUtRnreusasiauls vsniuasiing
naaosliuuuasunsl (Pilot Test) funguiegsvunadnifdnuuslndifssiunguiogiaie ileUszifiuaiy
Faraurasdond seaznatlumanou uaraudetudesiuvenniasie neuliuusuuuaeunulvinya

dwsunisiiufeyasis

AN5IAIIZH

v
v a1 aa a

nmleseiteyatumsideasaiduuseanitu 2 du ldun n1siwsziadfidmesau waen1sinei
atfdseunu lngn1sinseialifiganssaun (Descriptive Statistics) Tdiiloadunednumginaluresngudiagg
Loun el 918 ANl wazderar duN1TIATIEElAGIeRNIU (Inferential Statistics) THtensiadeuaudusiug

LAY INENATLNIN LU UL UUTNaRIITY

Ya v

noun1snadevaNufgiu §IdulaussidiunaninvaaniaddodTumensingeiosdiussnouiddudu

Y

(Confirmatory Factor Analysis: CFA) 1@Ha13041AUATUTILATIATI APUATATIGLT ANUATHTIT MU UaL

o
o

AU aiuraIiuUTUUAad? INUUTALATIERENTHANINTITRINTTUTAUANUNaANDsY N1sBausy

walulad wazanulindanswnanasunisenisinduladenldusnis Wngldnsiasizvionnesidadu
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dwsunisneaeuunuImvesiIkysds1y {37819 Hayes PROCESS Macro Model 4 tie3Las1e9

anSnanedenveinsiuiamnmunanesuiiddenisdadulaudenlduinisiiunisseusumalulaguazaiy

' |
o Y

Iindlasisunannesu lagldiSynaunsy (Bootstrapping) 31W3u 5,000 AT iszAuaTediuiosas 95 el vn

o o

FraNUTeiuredvsnandeulinseunaudn 0 axfodndnsnannanitediAynieed

<

=3)

JUADUNIFIVY
A15398ASTIUALTUNNTANUA P UTURDY Aal

1. Anwtenans wwAn naud wesnuddeiiiedestunisiuinunmunanlesy niseeuiumalulad
aubindaseunantesy msinduladenlduins waznsouwuifn Stimulus-Organism-Response (S-O-R) iiie
thaldiduiugulumstmuanseuuudinnsise

2. fruansauLWIAnNIde Tnefuualinissuiaanmunannesuduiulsdu msveusumnalulad
wazAnulindaseunasvesududuusdm uaznmsdaduladenlduinisduduusmy

3. MnuadsEIInTLazngufieg19veIN1side lnedseanadmunsdeyldueundinduosulainis
nsunmdiaglduinisateediaion 1 ads Iedmuaunangusogasiuan 400 Ay

a. fiwuia3osdeddelusunuunuvasuany Tnsaisdemauliaenndosiuiomidsufifinsvosi
wUs laun nssuraunmunannesy nisensuwalulad anulindaseunanviosy uavnisdnduladienlduinig
Ingldunsdwdirsn 7 seau

5. aradsuANenAIasiolds Tasthuuuasvaliinunandnrssoaunsadaiom anu
WANPANYBINYT wavANAERRdaesTamauiuTagUszasnisise anduneasdldiuvasunuiungy
fegeumaidniewiudoyaisa

6. fifumaiunurndeyannngumeseiifinuautinsmaunamidimun iudemisesulativay
insetnefiRgtesiuglivimsguamaia

7. asvaoumuaNysalvesdeyailiFuaniuuasuniy uazdansestoyaiilianysaivioliduluny

U U

inagioannauinluIAs1EINIEns

v a

8. Aiasevideyasuadaidassamn iesunsdnwailuvesnguiiosna leud wa 01y Al uaz
Sovay

9. Aiaszsinunmvadlunanisiadienisiinssiosdussnauifadiudy i ensanaeua i
psAUsENeU ANLAsITgIn ANuRsadeTuun wazAadesiuresiiLysursusiays

10. vaeUaNNAgILNTIdesensiinsgionnosiay Hayes PROCESS Macro Model 4 iilonsaadey
VBNAN1NTE BYBwanneden uazunummsdsiuvesnssansumaluladuazanulindadeunanosy

11. agUnan19338 aAuTena wazdavidelaueluzaivInsuasidal )i
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AMunsILazAILdeliuveaiasfieite

mfeirUssdiunrunsuaranuidetiurenaiedietfvesnufussuunouthasuuus e sfanusule
lumsliasizianuduiusidanng lneaunsudalasease (Construct Validity) axgnusidudienisiases
99AUTENRUNEUSY (Confirmatory Factor Analysis: CFA) anauian19wee Fornell and Larcker (1981) Wiefinsan
ﬁgﬁﬂﬂwﬂi\’n%ﬁévﬁ’] (Convergent Validity) kagauasadadnkun (Discriminant Validity) va9siauusunausazen

dmunsvssdumiunsadegitn axfinsanandniniinesdussnauninsgiu (Standardized Factor
Loadings) #9A131nn31 0.6 warfituddaynieadi A1annuuususimadediannlé (Average Variance Extracted:
AVE) fifnannnin 0.50 uagenmsdesiusan (Composite Reliability: CR) 11nnd1 0.70 nngueiana Tuguaiia
Fetfureaniediol s avUsufiusedulsyansuoanivesnsenuin (Cronbach’s alpha) wazAaundesiusiy
(CR) Tnermumnasisensuit 0.70 Tuly

mMylaTziesruszneuddudursaiiunsdelusunsy AMOS Wislszduanudenadeiveduinanis

v v

aivteyaidalszdny lagaginsandyiauaenndewadluinanatge laun Arlaaunisessadase (X2/df)
Falosn3n 2.00 A1 Comparative Fit Index (CFI), Tucker-Lewis Index (TLI) kag Incremental Fit Index (IFI) G
1111721 0.90 A1 Goodness-of-Fit Index (GFI) 111U 0.962 wag Adjusted Goodness-of-Fit Index (AGFI) tv111u

0.939 wazA1 Root Mean Square Error of Approximation (RMSEA) =0.05 (PCLOSE=0.466)

A15199 1 HaNSIATITITRIAUTENaULTIEUEY

Measurement Item Standard Loading CR AVE
PPQ1 0.85 0.866 0.684
PPQ2 0.83
PPQ3 0.80
TAL 0.79 0.788 0.554
TA2 0.69
TA3 0.75
PT1 0.67 0.786 0.553
PT2 0.84
PT3 0.71
DU1 0.70 0.810 0.590
DU2 0.81
DU3 0.79

21NA15199 1 HaN1THATIENDIAUTENBULTIEUGY WU ArdmtinesdusenaulInsgIuvesmiklsdunal
ndoagsening 0.67-0.85 Fsegluszavvansuld lnediuusnissuinaninunannesy (PPQ) de1 CR = 0.866
way AVE = 0.684 fakUsniseausumalulad (TA) A1 CR = 0.788 wag AVE = 0.554 daudsainuliznslase

wwanasy (PT) fA1 CR = 0.786 wag AVE = 0.553 wazmnusnisandulaldusnis (DU) daA1 CR = 0.810 wag
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o

AVE = 0.590 visil A CR vaavndauusiia1unnndt 0.70 wazan AVE fA1unndn 0.50 uandliliiuinaiasdeided

ANUTRIUTRIRUTE N ULARTiA AT AT aglunaeiimungay

AN5199 2 LS NFENAUNUSHALNNTIATITIAUATUDITHUN

PPQ TA PT DU
PPQ 0.82
TA 0.73 0.74
PT 0.61 0.72 0.74
DU 0.58 0.71 0.73 0.76

AULUINUEyNABATINTAesIas AVE , PPQO=n133uinainimunannesy, TA = msgeusumalulad, PT = aaiuliaslasme

unwamwasy, DU = msdnduladanlausnig

iefiansananumsadaduunauinael Fomell-Larcker 1U31 AN INTIABIVDS AVE TIUAAIDEULLLI
ey TA1i1AU 0.82 dmsu PPQ, 0.74 dwsu TA, 0.74 @Sy PT uag 0.76 13U DU lageiana1igendne
anduiudszrinsiudsulsluininasaeduiieanunnnsd wandbiduidwusudausaziiaunsadunaanain
fuldegramngan winduusugaelianuduiusiuaeudies widsliAuAsInTieoswos AVE vosiulsii 9
Faiu Beansindsdenunsadeuuneglunusionsuld

o 1

NM15USZIIUAIUATITITUUNLAZNNTIATIZRAIUEUNUS 52T 9AUS

v
a v o

nendansduduaunimeeslinanisinnds Muidetldussiduaiiunsadediwun (Discriminant

Validity) vossiauUsuean8inasivns Fornell-Larcker [13] Tngfia1584191nA19I071 809009 Average Variance

L o o o«

Extracted (AVE) vadusiaziauys wWisuileuiumduuseavsanduiusseninsiudslunuudiass mnesndiass
199 AVE v0siautslafidngenidanduiusszrinssausdutufusdutomn sfieindudsdananinnumss
\Fedwuneglussdvilmnzay nafe uasinanunsatenauuansisesusazfuUsuHseananiulsedig
Tl uaneian1eil 2

dwsunsvaseUaNNAgIY mAfeifnsziraninanimsuas Snsnanisdonvessudslunuudiaes
Tnganuigruiiieadesiudvisnanmsnse liun Svdnavesnisiuiaunmunanesufitidentsindulaidenlduinis
sddvdnareanissensumaluladuazanulindaseunanrlesuiifdenisdnduladentdusns asnaaeude
MsiesEinsannssdudunrguINA LN aNTeUUSIaRs YarTiauFAg B e siuEENaNsdon
axvnaauselusunsy Hayes PROCESS Macro Tngld Model 4 FauunsdmnsunsnaaeuunuvuesianUsadesu
kUUYUNU (Parallel Mediation)

Tunsiesesiaded fwuelinisiuinunmunaniledy (PPQ) WWuiudsdasy mdnduladenlduinis
(D) usuusany uarimualiniseousumalulad (TA) wazanulindladeunanesy (PT) Wufuusdsiui
vt gnenendvinaves PPQ Tuss DU ndeufuludnvasuuvauiu e nsld Model 4 daelwanunsa
nraaeuldviadninasu (total effect) SnSnanianss (direct effect) uagBnsnaniadou (indirect effects) s
PPQ #® DU W1 TA way PT
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n1sneaeudninan1eeuldisnisynaunsy (Bootstrapping) 3113 5,000 f1o819gdue NszAuAIL
Wotusovaz 95 lneNa15w191 NN 1ANLT N UV NI NaN1988u (Bootstrapped Confidence Interval) lai
AsEUARNAN 0 Aziiolndnenanadendnaniiduddgniead warausaaguldindudsiurihmdmdududs

denulumuFuRUSSE NI ILU DA AT MUY

WNan1539e

HAN1TIATIZYTONARUUTEYINTANAATUVBIADULUUADUATN TIUIU 400 AU NUFT LTDTIMUNRAILLNE

v

gmeunvvasunudmlrailumands S1uau 230 au AnduSesay 57.50 sesasunAsLnATe S1UIU 169 AU An

Y

Budosay 42.25 waedifldssyma duu 1 au Anidudosar 0.25 wandiifuinngusiiegislunisinuiadedd
daduresinounuuaouaMINAMannI AN Woduunmueny wuin greunuuasunudnngjoglutis
918 31-40 U $1uau 177 au Andudesar 44.25 sesawunfiedaseny 41-50 U $1uau 94 au Anvdusesas 23.50
wart901g 21-30 Y $1u3n 80 Au AniduSosay 20.00 mud1Ay druineukuUasUaNYND1Y 51-60 T Tduiu
25 au Anduseay 6.25 91907y 61 By $1uam 19 au Andudosas 4.75 LLazﬂaqumqmmw 20 ¥ #9uu

teefign 1w 5 au Anluiesay 1.25 mﬂmaé’]’ménasﬁaﬂﬁl,ﬁud’lﬁmuLLuuaaummdaﬂmjLﬂuﬂejmi’aﬁﬂawu

| Aa o

TG}EJLawwsziqu 31-50 ¥ %ﬂLﬂuﬂamwuammummumﬂmﬂmwuwaaﬂammamwwm

1

iideldnsnnaeuanuduiusiBudunsesgnieiudsudniuling wud nsuinunnunanesy (PPQ)

Y

o w

HensnaltsuInsionsindulalduinig (DU) egrelitedAgnaia lnsuuudnassiitdeddey (F = 145462, p <
.001) wagaN15005UIBALLUTUTINYES DU liseeas 26.8 (R? = .268) 141l PPQ fiAduuss@nsunnsgiuinfiu
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Abstract

The purposes of the research were: 1) to assess the current levels of cybersecurity awareness,
cybersecurity attitude, cybersecurity behavior, and information protection effectiveness among students at
a secondary vocational school in eastern China; 2) To analyze the direct effects of cybersecurity awareness,
cybersecurity attitude, and cybersecurity behavior on information protection effectiveness; and 3) To
investigate the joint influence of cybersecurity awareness, cybersecurity attitude, and cybersecurity behavior
on information protection effectiveness when included in the same model, and to identify the key
predictors. This study adopted a quantitative cross-sectional design, and 352 valid samples were collected
through simple random sampling using a 5-point Likert scale questionnaire. Data were analyzed using
reliability and validity tests, Pearson correlation analysis, simple linear regression, and hierarchical multiple
regression via SPSS 26.0. The findings showed that cybersecurity awareness, cybersecurity attitude, and
cybersecurity behavior all had significant positive effects on information protection effectiveness, with
cybersecurity behavior having the strongest explanatory power. The three variables jointly explained 36.7%
of the variance in information protection effectiveness, and an awareness-attitude-behavior gap was
identified among the students. The study concludes that strengthening behavioral training, integrating
cybersecurity education into curricula and institutional support, and promoting school-family-enterprise

collaboration can effectively improve students’ information protection effectiveness.

Keywords: Cybersecurity Awareness, Cybersecurity Attitude, Cybersecurity Behavior, Information Protection

Effectiveness, Secondary Vocational School Students
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Introduction

In recent years, internet use among minors in China has become almost universal. According to the
latest report released by CNNIC, there were approximately 193 million underage internet users in China in
2022, and the internet penetration rate in this group reached 97.2% [1]. A considerable proportion of these
minors experienced cybersecurity incidents such as account hijacking and malware infection in the
preceding six months. This coexistence of digital dividends and security risks means that cybersecurity
literacy and protection capabilities in cyberspace have become emerging priorities for both schooling and
social governance.

At the same time, earlier exposure to the internet and "platformized" patterns of use have
DO httpsy//doi.ore/10.14456/isci-sbu.2026.3 one hand, basic security skills and privacy-protective habits
have not improved in tandem with usage frequency. For example, only about half of underage internet
users are able to perform basic tasks such as registering/deleting accounts or changing passwords [1]. On
the other hand, the social acceptance and practical effectiveness of single technical tools—such as parental
controls or "youth modes"—remain limited; systematic coordination among platform governance, school-
based education and family support is still needed [2]. International studies likewise indicate that the
"human factor" has long been the weakest link in information security, and that enhancing awareness and
training can significantly reduce high-risk behaviors such as using weak passwords or casually clicking
suspicious links [3], [4]. Taken together, the structural tension of "high penetration-high exposure—lags in
literacy and behavior" forms the practical backdrop for this study.

Against this backeround, students in secondary vocational schools exhibit several distinctive stage-
specific characteristics. First, they are in a key transition from "learner" to "quasi-professional”: while
completing their studies, they also need to interact with enterprise-level information systems and campus
business systems. Second, they frequently engage in practical training and skills competitions, which gives
rise to diverse internet-use scenarios and complex account and data management. Building on these
features, the present study focuses on students at a secondary vocational school in eastern China and
examines the effects of cybersecurity awareness, cybersecurity attitude, and cybersecurity behavior on
information protection effectiveness.

The core research question of this study is: What are the effects of cybersecurity awareness,
cybersecurity attitude, and cybersecurity behavior on information protection effectiveness among
secondary vocational school students? This question matters because, although the age and social
experience of secondary vocational students are similar to those of upper-secondary school students, they
are required to access school and enterprise information systems with relatively high privileges and at high
frequency for skills training and internships. Improper cybersecurity practices may directly threaten
individuals, schools, and partner enterprises [1]. At present, school-based cybersecurity education still relies

mainly on lectures and campaign-style activities, and there is a lack of data-driven, locally grounded
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research specifically targeting secondary vocational students. As a result, there is insufficient empirical
evidence to inform curriculum design and management decisions by schools and education authorities.
This study is expected to make contributions at three levels. At the school level, it will provide empirical
evidence for designing targeted cybersecurity training at the secondary vocational school, thereby
enhancing the security of the campus network and training platforms. At the vocational education system
level, it will help fill the local empirical research gap on cybersecurity literacy among secondary
vocational students and offer a reference point for education authorities when formulating cybersecurity
education policies. At the academic level, drawing on TPB, PMT, and TAM, the study constructs and tests
a direct-effect framework examining how awareness, attitude, and behavior independently and jointly
affect information protection effectiveness [5], [6], [7]. This study contributes to the literature by offering
empirical evidence from secondary vocational students, validating a direct-effects model within a high-risk
educational context, and identifying a significant gap between awareness, attitude, and behavior in

cybersecurity practice.

Research Objectives

1. To assess the current levels of cybersecurity awareness, cybersecurity attitude, cybersecurity
behavior, and information protection effectiveness among students at the secondary vocational school.

2. To analyze the direct effects of cybersecurity awareness, cybersecurity attitude, and
cybersecurity behavior on information protection effectiveness.

3. To investigate the joint influence of cybersecurity awareness, cybersecurity attitude, and
cybersecurity behavior on information protection effectiveness when included in the same model, and to

identify the key predictors.

This study empirically tests the following four hypotheses:

H1: Higher levels of cybersecurity awareness are positively associated with better information
protection effectiveness.

H2: More positive cybersecurity attitude is positively associated with better information protection
effectiveness.

H3: More regulated (norm-compliant) cybersecurity behavior is positively associated with better
information protection effectiveness.

Hd: When cybersecurity awareness, cybersecurity attitude, and cybersecurity behavior are
simultaneously included in the same model, they exert a significant joint positive predictive effect on

information protection effectiveness.
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Research Methodology

1. Research Design and Theoretical Framework

This study adopts a quantitative, cross-sectional, non-experimental design, with current students
at the focal secondary vocational school as the research population. The conceptual model includes three
independent variables—cybersecurity awareness, cybersecurity attitude, and cybersecurity behavior—and
one dependent variable—information protection effectiveness. The core objective is to test the effects of
these variables on information protection effectiveness.

Figure 1 presents the conceptual framework of this study, illustrating the direct effects of
cybersecurity awareness, attitude, and behavior on information protection effectiveness. Arrows denote
the positive direct effects hypothesized in H1-H3, while the three variables collectively exert a significant

joint positive predictive effect on information protection effectiveness (H4).

cybersecurity

awareness

] information
cybersecurity

attitude

zZ protection

effectiveness

cybersecurity

behavior

Figure 1 Conceptual framework of the direct effects of cybersecurity awareness, cybersecurity

attitude, and cybersecurity behavior on information protection effectiveness

The theoretical framework draws on three established theories. Protection Motivation Theory (PMT)
explains individuals' protective decision-making mechanisms through threat appraisal and coping appraisal,
providing support for the relationship between cybersecurity awareness and information protection
effectiveness [8]. The Technology Acceptance Model (TAM) posits that perceived usefulness and perceived
ease of use determine technology adoption intentions, supporting the hypothesized positive effect of
cybersecurity attitude on outcomes [6]. The Theory of Planned Behavior (TPB) states that behavior is jointly
driven by attitude, subjective norms, and perceived behavioral control, reinforcing the impact of attitude
and behavior on outcomes [5].

This study adopts a regression-based approach as a baseline model. Future research may extend

this model using SEM to examine mediation effects.
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2. Participants and Sampling

The target population consists of current students enrolled at a secondary vocational school in
eastern China. Inclusion criteria are: currently enrolled, providing consent to participate, and being able to
complete the online questionnaire independently. Exclusion criteria are: duplicate submissions and clearly
invalid responses.

This study adopts simple random sampling (SRS). SRS is appropriate for this study as it ensures
equal probability of selection and reduces sampling bias across student groups. The sampling frame is a
roster of currently enrolled students provided by the Academic Affairs Office. The sampling frame is
randomly shuffled using a computer, and the online questionnaire link is distributed according to the
randomized order. For students who do not respond by the deadline, invitations are extended to
subsequent entries on the randomized list until the target number of valid responses is reached. The
sampling list is used only to contact students; the questionnaire itself does not record identifiable
information. A Cochran finite-population correction is used, and the target number of valid questionnaires
is set at 352 to ensure the statistical power of subsequent factor analysis and regression analysis.

3. Questionnaire and Measures

The questionnaire includes four construct scales, all using 5-point Likert-type items (1 = "strongly
disagree" to 5 = "strongly agree").

3.1 Cybersecurity Awareness

Dimensions measured include cognitive knowledge and risk perception, drawing on the
cybersecurity awareness scale developed in [9]. The scale contains 8 items (including 1 reverse-coded item)
focusing on confidentiality/privacy, phishing recognition, and strong passwords. Each item is scored from 1
to 5; the reverse-coded item is recoded as 6 minus original score; the mean of all items serves as the
construct score.

3.2 Cybersecurity Attitude

The dimension measured is value evaluation of security norms and willingness to comply, based
on the "perceived usefulness" dimension in TAM and the "attitude" dimension in TPB [5], [6]. The scale
contains 8 items (including 1 reverse-coded item) adapted from [10]. Scoring follows the same procedure
as awareness.

3.3 Cybersecurity Behavior

The dimension measured is everyday protective practices such as password management, two-
factor authentication, caution with links and attachments, timely updates, privacy settings, and device
hardening [11]. The scale contains 8 items (including 1 reverse-coded item) developed using Hadlington's

Risky Cybersecurity Behaviours scale as reference [10].
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3.4 Information Protection Effectiveness

The dimension measured is self-reported information protection outcomes over the past three
months, including whether losses have been avoided, ability to identify and recover from incidents, and
effectiveness of privacy protection [4]. The scale contains 8 items (including 1 reverse-coded item).

4. Pilot Study, Reliability, and Validity

A small-scale pilot test was conducted to examine the comprehensibility of questionnaire items.
Based on feedback, item wording was adjusted to ensure appropriateness for the cognitive level of
secondary vocational students. Content validity was assessed using the Index of Item-Objective Congruence
(I0Q) by three experts, with all items exceeding 0.67.

For the formal dataset, Cronbach's O is calculated for each subscale. Values between 0.70 and
0.95 are considered acceptable, with values > 0.80 indicating good internal consistency. The Kaiser-Meyer-
Olkin (KMO) measure and Bartlett's test of sphericity are reported for each construct. KMO = 0.60 and
Bartlett's p < 0.05 indicate that the correlation matrix is suitable for multivariate analyses.

5. Data Collection Procedures and Ethics

This study was submitted to the school management committee for review, and data collection
began only after formal approval was granted. Before data collection, students received a written informed
consent form explaining the research purpose, participation rights, data confidentiality, and use of results.
Only students who signed the consent form proceeded to the questionnaire.

From October to November 2025, the questionnaire was distributed and collected online via a
survey platform (link/QR code). Participation was anonymous and voluntary. The expected completion time
was 8-10 minutes. After data export, all records were de-identified before analysis.

6. Data Analysis

Data were analyzed using SPSS 26.0, with a significance level set at p < 0.05. The analytical
procedures included: descriptive statistics (mean, standard deviation, minimum, maximum) and reliability
analysis (Cronbach's Q) to assess current levels and internal consistency; Pearson correlation analysis to
examine linear relationships among variables; simple linear regression models to test H1-H3, with
information protection effectiveness as the dependent variable and each predictor entered separately;
hierarchical multiple regression to test H4, with behavior entered in Step 1, and awareness and attitude
added in Step 2. Multicollinearity diagnostics (Tolerance, VIF) were conducted for the final model.

Overall, the research procedure consisted of questionnaire development, pilot testing, data

collection, reliability and validity assessment, and statistical analysis.
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Research Results

The findings are presented below in the same sequence as the research objectives: first, the current
levels of the four constructs; second, the direct effects of cybersecurity awareness, attitude, and behavior
on information protection effectiveness; and third, their joint influence in the same model.

1. Data Preprocessing and Sample Characteristics

A total of 352 valid questionnaires were obtained (N = 352). All items were scored on a five-point
Likert scale. For data cleaning, the survey was administered by course instructors in a standardized manner.
Anonymous responses and unified instructions were used. Routine quality checks were carried out after
data collection; no questionnaires met the exclusion criteria.

Among the respondents, 213 were male (60.5%) and 139 were female (39.5%). There were 127
first-year students (36.1%), 116 second-year students (33.0%), and 109 third-year students (31.0%). The
largest group were from electronics and information (123 students, 34.9%), followed by equipment
manufacturing (92 students, 26.1%) and transportation (85 students, 24.1%). Finance and commerce (52
students, 14.8%) was relatively smaller. Overall, the sample distribution indicates that students from
different grades and majors were adequately represented, supporting the reliability of subsequent statistical
analyses.

Table 1 Distribution of Sample Background Characteristics (N = 352)

Variable Category Frequency (n) Percentage (%)
Male 213 60.5
Gender
Female 139 39.5
First year 127 36.1
Grade Second year 116 33.0
Third year 109 31.0
Electronics & IT 123 34.9
Equipment
92 26.1
Major Manufacturing
Transportation 85 24.1
Finance & Commerce 52 14.8

From Table 1, it can be seen that the respondents were drawn from different genders, grades, and
majors, with a slightly higher proportion of male students and a relatively balanced representation across

grade levels.
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2. Reliability and Validity Testing

Internal consistency was assessed using Cronbach's . The coefficients were 0.899 for awareness,
0.905 for attitude, 0.928 for behavior, and 0.908 for information protection effectiveness, all > 0.80, indicating
good internal consistency. KMO values ranged from 0.918 to 0.928, and Bartlett's tests of sphericity were

all significant (X2 = 1334.64-1925.07, df = 28, p < 0.001), suggesting that the data were suitable for factor

analysis.
Table 2 Reliability and KMO Test Results for the Main Variables
KMO
Construct Cronbach's Bartlett's X2 (df = 28) p-value
Measure
cybersecurity awareness 0.899 0.927 1334.641 < 0.001
cybersecurity attitude 0.905 0.928 1452.208 < 0.001
cybersecurity behavior 0.928 0.922 1925.073 < 0.001
information protection
0.908 0.918 1588.077 < 0.001
effectiveness

From Table 2, it can be seen that all variables achieved satisfactory reliability and validity levels,

indicating that the data were appropriate for further statistical analysis.

3. Descriptive Statistics

Overall, all four means are above the midpoint of 3 on the five-point scale. cybersecurity attitude
has the highest mean (M = 3.79, SD = 0.63), followed by cybersecurity awareness (M = 3.62, SD = 0.69) and
information protection effectiveness (M = 3.55, SD = 0.64), whereas cybersecurity behavior has the lowest
mean (M = 3.33, SD = 0.68).
Table 3 Descriptive Statistics for the Four Main Variables (N = 352)

Variable Minimum Maximum Mean (M) SD
cybersecurity awareness 1 5 3.62 0.69
cybersecurity attitude 1.25 5 3.79 0.63
cybersecurity behavior 1 5 3.33 0.68
information protection
1.63 5 3.55 0.64
effectiveness

From Table 3, it can be seen that cybersecurity attitude recorded the highest mean score, while
cybersecurity behavior showed the lowest mean score, indicating the existence of an awareness-attitude-

behavior gap among the students.



JOURNAL OF SCIENCE AND TECHNOLOGY
SOUTHEAST BANGKOK UNIVERSITY

JSCl >

MsAINEFEnswazinalulald

VOL.6 NO.1 (January-June 2026) : 264744 LANINEISULNSaviuenen

4. Correlation Analysis

Pearson's correlation coefficients were computed with two-tailed tests. The results showed:
cybersecurity awareness—cybersecurity attitude = 0.490, cybersecurity awareness—cybersecurity behavior =
0.395, cybersecurity awareness—information protection effectiveness = 0.395, cybersecurity attitude-
cybersecurity behavior = 0.436, cybersecurity attitude—information protection effectiveness = 0.434,
cybersecurity behavior-information protection effectiveness = 0.554. All correlations are statistically
significant at p < 0.001. The correlation between behavior and information protection effectiveness is the
strongest (r = 0.554).

These findings preliminarily support the proposed hypotheses and indicate that cybersecurity
behavior may play the most influential role in predicting information protection effectiveness.
Table 4 Correlation Matrix for cybersecurity awareness, cybersecurity attitude, cybersecurity behavior, and

Information protection effectiveness (N = 352)

information
cybersecurity cybersecurity cybersecurity
protection
awareness attitude behavior
effectiveness
cybersecurity awareness — 0.490 0.395 0.395
cybersecurity attitude 0.490 — 0.436 0.434
cybersecurity behavior 0.395 0.436 — 0.554
information protection
0.395 0.434 0.554 —
effectiveness

From Table 4, it can be seen that all four variables were positively and significantly correlated with
one another, while cybersecurity behavior exhibited the strongest relationship with information protection

effectiveness.

5. Hypothesis Testing

5.1 Tests of H1-H3 (Simple Regression Models)

Hypothesis H1: Higher levels of cybersecurity awareness are positively associated with better
information protection effectiveness. The regression results show that cybersecurity awareness has a
significant positive effect on information protection effectiveness, with B = 0.395, t = 8.045, p < 0.001,
supporting H1. The model has R? = 0.156.

Hypothesis H2: More positive cybersecurity attitude is positively associated with better information
protection effectiveness. The regression results indicate that attitude has a significant positive predictive

effect, with B =0.434,t = 9.014, p < 0.001, supporting H2. The model has R? = 0.188.
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Hypothesis H3: More regulated cybersecurity behavior is positively associated with better
information protection effectiveness. The regression results reveal that behavior has the strongest positive
effect, with B = 0.554,t = 12.452, p < 0.001, supporting H3. The model has Rz = 0.307.

Overall, the simple regression results consistently demonstrate that cybersecurity awareness,
attitude, and behavior each have significant positive effects on information protection effectiveness, with
cybersecurity behavior showing the strongest explanatory power.

Table 5 Simple Regression Models Testing H1-H3

Predictor B t p-value F R2
cybersecurity
0.395 8.045 < 0.001 64.723 0.156
awareness
cybersecurity
0.434 9.014 < 0.001 81.260 0.188
attitude
cybersecurity
0.554 12.452 < 0.001 155.063 0.307
behavior

From Table 5, it can be seen that cybersecurity awareness, cybersecurity attitude, and
cybersecurity behavior each had a significant positive effect on information protection effectiveness when

examined separately, with cybersecurity behavior exhibiting the strongest explanatory power.

5.2 Test of H4 (Hierarchical Multiple Regression)

Hypothesis H4: When cybersecurity awareness, cybersecurity attitude, and cybersecurity behavior

are entered into the same model, they jointly have a significant positive predictive effect on information
protection effectiveness.
In Step 1, cybersecurity behavior was entered as the baseline. In Step 2, cybersecurity awareness and
cybersecurity attitude were added. When all three predictors are included in Model 2, cybersecurity
awareness (B = 0.140, p = 0.006), cybersecurity attitude (B = 0.183, p < 0.001), and cybersecurity behavior
(B = 0.419, p < 0.001) all remain positive and statistically significant. Within Model 2, behavior still has the
largest effect size.

The model fit improves from R2 = 0.307 (Model 1) to R2 = 0.367 (Model 2), with an increase of AR?
= 0.060. The change in F is AF(2, 3a8) = 16.458, p < 0.001, indicating that adding cybersecurity awareness
and cybersecurity attitude significantly enhances the model's explanatory power. Collinearity diagnostics

show no issues: minimum tolerance = 0.690, maximum VIF = 1.448, both well below the threshold of 5.
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Table 6 Hierarchical Multiple Regression Models Testing H4

Model Predictor B t p R? ARr2 F Sig.
cybersecurity
Model 1 0.554 12.452 < 0.001 0.307 — 155.063 | < 0.001
behavior
cybersecurity
0.140 2.786 0.006
awareness
cybersecurity
Model 2 0.183 3.560 < 0.001 0.367 0.060 67.225 < 0.001
attitude
cybersecurity
0.419 8.604 < 0.001
behavior

From Table 6, it can be seen that all three predictors remained statistically significant when entered
into the same model and jointly explained 36.7% of the variance in information protection effectiveness,

with cybersecurity behavior remaining the strongest predictor.

6. Summary of Hypothesis Testing Results

A summary of the hypothesis testing results is presented in Table 7. All four hypotheses were
statistically supported, indicating that the proposed positive associations and joint predictive effect were
confirmed by the data.
Table 7 Summary of Hypothesis Testing Results

Statistical
Hypothesis Content Key Statistics Result
Method
Higher levels of cybersecurity
awareness are positively Simple Linear B = 0.395, p < 0.001,
H1 Supported
associated with better information Regression R2 = 0.156

protection effectiveness

More positive cybersecurity
attitude is positively associated Simple Linear B = 0.434, p < 0.001,
H2 Supported
with better information protection Regression R? = 0.188

effectiveness

More regulated cybersecurity

behavior is positively associated Simple Linear B = 0.554, p < 0.001,

H3 Supported
with better information protection Regression Rz = 0.307
effectiveness
Hierarchical
Joint positive predictive effect of R? = 0.367, AR? =
Ha Multiple Supported
the three constructs 0.060, p < 0.001

Regression
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From Table 7, it can be seen that all four hypotheses were supported, indicating that cybersecurity
awareness, cybersecurity attitude, and cybersecurity behavior each had significant positive effects on

information protection effectiveness, both individually and jointly.

Conclusion and Discussion

Conclusion

This study investigated the effects of cybersecurity awareness, cybersecurity attitude, and
cybersecurity behavior on information protection effectiveness among students at a secondary vocational
school in China.

The findings indicate that students generally demonstrated moderate-to-high levels of
cybersecurity awareness, attitude, behavior, and information protection effectiveness. Among the three
predictors, cybersecurity behavior showed the strongest relationship with information protection
effectiveness.

The hypothesis testing results confirmed that cybersecurity awareness, cybersecurity attitude, and
cybersecurity behavior each had significant positive effects on information protection effectiveness. When
entered simultaneously into the hierarchical regression model, all three variables remained significant
predictors, jointly explaining 36.7% of the variance in information protection effectiveness.

The study therefore concludes that improving students’ cybersecurity behavior, together with
strengthening awareness and positive attitudes, can effectively enhance information protection
effectiveness in secondary vocational education settings.

Discussion

The descriptive results provide a deeper look into the students' cybersecurity profiles. While
students show a certain level of cybersecurity knowledge and risk perception, hold relatively positive
attitudes toward complying with security requirements, and report reasonably good information protection
outcomes, their cybersecurity behavior scores are clearly lower than those of awareness and attitude. This
reflects a typical "awareness-attitude-behavior gap" [1], [2], indicating a noticeable gap between "knowing
and valuing" and "actually doing" in everyday practice. For secondary vocational students, the challenge is
no longer merely to tell them what is right or wrong, but to help them form stable secure behavior patterns.

The correlation results underscore the practical importance of students’ proactive cybersecurity
behaviors. Students who have a better understanding of cyber threats, who recognize the importance of
security rules, and who adopt more standardized protective practices tend to experience fewer security
incidents. These support the basic logic of the conceptual framework grounded in PMT, TAM, and TPB [5],
(6], [8]. In particular, the finding that behavior is the strongest predictor suggests that the extent to which
personal information can be well protected largely depends on students' concrete practices in areas such
as password management, link verification, system updating, and privacy settings. The findings are consistent with

previous research showing that human factors are often the weakest link in information security [3], [10].
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They are also consistent with TPB, which posits that behavior directly determines outcomes. Compared
with studies focusing on university students and general internet users [12], [19], the present findings further
suggest that cybersecurity behavior may play an even more critical role among secondary vocational
students. This may be related to their frequent exposure to practical training environments, enterprise
systems, and semi-professional digital tasks, where improper security practices can directly affect
information protection outcomes.

Even though awareness, attitude, and behavior jointly explain a meaningful proportion of the
variance, a large part remains unexplained. This suggests that other factors may also play important roles,
including school management policies, technical safeguards, platform designs, family supervision, peer
norms, and individual characteristics such as self-control and risk preference [2], [4]. From a practical point
of view, cybersecurity education should not rely solely on changing students' awareness and behavior; it
also needs the support of institutional arrangements and technological measures. Additionally, this study
is limited to a single institution, which may affect generalizability.

Finally, this study highlights the unique context of secondary vocational education. Compared with
previous studies mainly focusing on general high schools or universities, it addresses the specific situation
of secondary vocational students. These students often interact with school information systems, training
equipment, and enterprise platforms in real or semi-real work environments. Weak cybersecurity habits in
this context may affect not only personal accounts but also school networks and enterprise data. By
empirically testing how awareness, attitude, and behavior jointly influence information protection
effectiveness, this study provides localized evidence for integrating cybersecurity education into vocational

programmes and underscores the importance of behavior-focused interventions.

Recommendations

1. Strengthening Cybersecurity Awareness

First, cybersecurity awareness should be integrated into existing courses through short, scenario-based
learning materials focusing on password management, phishing recognition, privacy settings, and data
backup.

2. Enhancing Cybersecurity Attitude

Second, schools should strengthen cybersecurity attitude by embedding it into professional
competence education, student handbooks, and internship requirements, while encouraging positive
reinforcement for good security practices.

3. Promoting Cybersecurity Behavior

Third, cybersecurity behavior should be the primary focus of training. Schools should create secure
default environments, design task-based assessments that require protective actions, and organize practical

drills to help students form stable security habits.
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4. Strengthening Institutional Support and Collaboration

Finally, institutional support and multi-party cooperation should be enhanced through school-

family—-enterprise collaboration, school-level planning, and regular evaluation of students’ cybersecurity

literacy and information protection effectiveness.
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Abstract

Against the backdrop of limited empirical research on teachers’ cybersecurity awareness,
particularly concerning the role of training frequency, this study aims to: 1) assess the current level of
cybersecurity awareness among primary and secondary school teachers in Fujian Province, China; 2) identify
its key predictors; and 3) propose targeted recommendations for improvement.

A quantitative questionnaire survey was employed, yielding 321 valid responses, and the data were
analyzed using statistical software. Results indicate that respondents had a moderately above-average
overall cybersecurity awareness. Gender, age, school location, and training frequency significantly predicted
awareness levels, whereas educational backeround and digital tool usage frequency showed no significant
effects. Training frequency exhibited a significant diminishing marginal effect, with 1-2 annual sessions
delivering the most cost-effective improvement. This research provides empirical support for developing
standardized cybersecurity training for teachers, and its key contribution lies in quantifying the optimal

training frequency and offering actionable policy implications.

Keywords: Cybersecurity Awareness, Teachers, Predictors, Cybersecurity Training, Fujian Province

Introduction

With the rapid digitalization of education, primary and secondary schools face increasing
cybersecurity risks. Cyberattacks against educational institutions are rising worldwide [1]. In 2023, global
ransomware attacks increased by 84%, and education services became one of the top 10 targeted industries
because schools store large amounts of sensitive personal data [1,2,3]. Therefore, cybersecurity capacity is

essential for maintaining educational stability and protecting privacy [4].
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Teachers are the first line of campus cybersecurity defense and important guides for students’
digital literacy [5]. However, studies show that teachers in digital educational environments still face
cybersecurity and digital risk challenges, including insufficient awareness, protection skills, and emergency
response preparation [6,7]. Although countries such as the United States have included cybersecurity
training in teacher continuing education [8], empirical research in China remains limited, especially on
training frequency and regional evidence from Fujian Province.

Fujian Province, a pioneer in China’s Digital China initiative, reached a 98.7% digital penetration rate
in primary and secondary schools by 2024. The wide use of online teaching platforms, student information
systems, and smart campus devices has increased cybersecurity exposure. Low teacher awareness may
lead to ransomware risks, student data breaches, and weak guidance for students’ digital safety. To address
these gaps, this research investigates teachers’ cybersecurity awareness in Fujian Province, identifies key
predictors, and proposes evidence-based enhancement recommendations. Its findings provide empirical

support for improving teacher cybersecurity training in China.

Research Objectives

1. To assess the current level of cybersecurity awareness among primary and secondary school
teachers in Fujian Province, China, and systematically quantify their performance across the three core
dimensions of cybersecurity cognition, protection skills, and emergency response capability.

2. To identify the key predictors of teachers' cybersecurity awareness, and empirically test the
effects of demographic characteristics, technical experience, training experience, and school location on
teachers' overall awareness level and each dimensional performance.

3. To propose targeted enhancement recommendations for improving primary and secondary
school teachers' cybersecurity awareness based on empirical findings and teacher cybersecurity training

practices [8].

Research Methodology

A quantitative empirical research design was adopted for this study, combining descriptive and
correlational methods alongside literature research. This approach allowed for a systematic investigation of
cybersecurity awareness among primary and secondary school teachers in Fujian Province and its predictors.

1. Research Subjects and Sampling

The subjects were primary and secondary school teachers in Fujian Province, China. From
September to November 2025, stratified random sampling was conducted in urban and rural public and
private schools in Fuzhou, Xiamen, Putian, and Nanping. Schools were stratified by location and type, and

teachers were randomly invited.



JOURNAL OF SCIENCE AND TECHNOLOGY JSC'
SOUTHEAST BANGKOK UNIVERSITY - . .
NATINY @RS HazinAlulad

VOL.6 NO.1 (January-June 2026) : 264907 eSS aviunenen

A total of 362 questionnaires were distributed, 353 were returned, and 321 valid responses were
retained after excluding incomplete, repeated, or abnormal responses. The effective recovery rate was
88.67%.

2. Research Instrument

A self-developed cybersecurity awareness questionnaire was revised and localized based on ENISA
cybersecurity awareness materials [9] and the HAIS-Q [10]. It included six sections: demographic information,
cybersecurity cognition, prevention skills, response capability, training and educational experience, and self-
assessment and needs. The three core dimensions each contained 10 items measured by a 5-point Likert
scale.

Higher scores indicated stronger cybersecurity cognition, more standardized protective behaviors,
and better response capability. A pre-test with 30 teachers was conducted before the formal survey. The
overall Cronbach’s Alpha was 0.92, and the KMO value was 0.927, indicating gsood reliability and validity.

3. Variable Definition and Measurement

Independent variables included gender, age, education level, school location, digital tool use
frequency, and cybersecurity training frequency. For analysis, gender was coded as male = 1 and female =
2, school location as urban = 1 and rural = 2, while age and education level were coded by category. Digital
tool use frequency and cybersecurity training frequency were treated as ordered variables.

The dependent variable was teachers’ overall cybersecurity awareness, calculated as the total
score of cybersecurity cognition, prevention skills, and response capability [11]. Each dimension contained
10 items, with scores ranging from 10 to 50; the total score ranged from 30 to 150, with higher scores
indicating stronger overall cybersecurity awareness.

The conceptual framework of variable relationships is illustrated in Figure 1.

' ' ™)
Gender School Location
- - J
' ' A
Age J\ Training Frequency
- Overall Cybersecurity \ J
Awareness
. Digital Tool Use
[ Education Frequency J

Figure 1. Conceptual Framework of Teachers' Cybersecurity Awareness Predictors.
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4. Data Collection and Analysis

Questionnaires were collected online and offline. Participation was voluntary and anonymous, and
academic ethics were followed.

Statistical software was used for analysis. Before inferential tests, normality, independence, and
multicollinearity were examined. The methods included descriptive statistics, reliability and validity analysis,
independent samples t-test, one-way ANOVA, Pearson correlation analysis, and multiple linear regression

analysis.

Research Results

Statistical analysis was conducted based on 321 valid questionnaires from primary and
secondary school teachers in Fujian Province, with an effective response rate of 88.67%. In line with the
three research objectives, this section presents the preliminary analysis, the current level of teachers’
cybersecurity awareness, the key predictors, and the empirical basis for enhancement recommendations.

5.1 Preliminary Analysis of the Sample and Research Instrument

Before addressing the research objectives, sample characteristics and scale quality were

examined. As shown in Table 1, the valid respondents covered different genders, education levels, school
locations, and cybersecurity training experiences, indicating acceptable sample representativeness.

Table 1 Demographic Characteristics of the Samples.

Variable Frequency (n) Percentage (%)
Gender
Male 166 51.7
Female 155 48.3
Education Level
Bachelor’s degree or above 219 68.2
Below bachelor’s degree 102 31.8
School Location
Urban 191 59.5
Rural 130 40.5
Cybersecurity Training Experience
Participated 144 44.9
Not participated 177 55.1
Total 321 100
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The reliability and validity results are shown in Table 2. The overall Cronbach’s Alpha was
0.92, and all dimensions exceeded the 0.70 threshold. The KMO value was 0.937, and Bartlett’s test was
significant at p < 0.001, suggesting that the questionnaire had good reliability and construct validity.

Table 2 Reliability and Validity Test Results.

Test Index Criterion Value Result
Cronbach’s ¢ (Overall) > 0.70 (Good) 0.92 Excellent
Cronbach’s ¢ (Awareness) > 0.70 (Good) 0.913 Excellent
Cronbach’s ¢ (Prevention) > 0.70 (Good) 0.923 Excellent
Cronbach’s ¢ (Emergency Response Capability) > 0.70 (Good) 0.917 Excellent
KMO > 0.60 (Suitable) 0.937 Very suitable
Bartlett’s Test p < 0.001 0 Significant

5.2 Findings Related to Research Objective 1: Current Level of Teachers’ Cybersecurity Awareness

To address the first research objective, teachers’ cybersecurity awareness was measured

across three dimensions: cybersecurity cognition, protection skills, and emergency response capability. As
shown in Table 3, the overall mean score was 112.76, indicating a slightly above-average level of
cybersecurity awareness. Among the three dimensions, prevention skills scored the highest, while
emergency response capability was relatively lower, suggesting that further improvement is needed in

practical response skills.

Table 3 Overall Level of Teachers' Cybersecurity Awareness.

Standard
Dimension Mean (M) Evaluation
Deviation (SD)
Cybersecurity Awareness 37.62 8.208 Slightly above average
Prevention Skills 37.7 8.544 Slightly above average
Emergency Response Capability 37.44 8.354 Slightly above average
Overall Total Score 112.76 24.562 Slightly above average

5.3 Findings Related to Research Objective 2: Key Predictors of Teachers’ Cybersecurity Awareness

To address the second research objective, difference analysis, correlation analysis, and

multiple regression analysis were conducted. As shown in Table 4, cybersecurity awareness differed
significantly by gender, age, school location, and cybersecurity training experience, while education level

showed no significant difference.
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Table 4 Differences in Cybersecurity Awareness by Demographic Characteristics.

Mean Standard
Variable Group n t/F p Significance
()] Deviation (SD)

Gender Male 166 117.39 2312
4.831 <0.001 xR

Female 155 107.79 25.21

Education Level Bachelor's degree or above 219 113.25 24.87
0.741 0.478 ns

Below bachelor's degree 102 111.72 24.03

School Location | yrban 191 117.51 23.65
5.498 <0.001 Hxx

Rural 130 105.77 24.78

Cybersecurity Participated 144 124.34 2156
Training Experience 9.964 | <0.001 o

Not participated 177 103.28 23.89

Age Group <25 years old 89 121.67 22.34

26-40 years old 156 113.42 24.15
7.878 <0.001 Hxx

41-55 years old 67 105.89 25.62

>56 years old 9 102.11 26.78

Note: * p < 0.05, ** p < 0.01, ** p < 0.001; ns = not significant

Pearson correlation analysis was conducted to examine the relationships among overall
cybersecurity awareness, its three dimensions, training frequency, and teaching seniority. As shown in
Table 5, overall cybersecurity awareness was positively correlated with cybersecurity cognition, protection

skills, emergency response capability, and training frequency.

Table 5 Pearson Correlation Matrix of Variables.

Variable 1 2 3 4 5 6
1. Overall Cybersecurity Awareness 1
2. Cybersecurity Cognition 0.892%** 1
3. Protection Skills 0.915%** | 0.786%** 1
4. Emergency Response Capability 0.873*** | 0.721%%* | 0.794*** 1
5. Training Frequency 0.517*** | 0.380*** | 0.335%** | 0.405*** 1
6. Teaching Seniority -0.146%* | -0.152* | -0.174** | 0.009ns - 1

*Note. *p < 0.05, *p < 0.01, **p < 0.001 ; ns = not significant.
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Figure 2 Overall Cybersecurity Awareness Scores by Training Frequency.

Figure 2 further illustrates the trend of overall cybersecurity awareness scores across different
training frequencies.

As shown in Figure 2, awareness scores increased as training frequency increased, with a
notable improvement among teachers receiving training 1-2 times per year.

To further identify the key predictors of teachers’ cybersecurity awareness, multiple linear

regression analysis was conducted. The results are shown in Table 6.

Table 6 Multiple Regression Analysis of Overall Cybersecurity Awareness.

Variable Unstandardized B Standardized B t p VIF
(Constant) 125.059 - 23.232 <0.001%** -
Gender -5.771 -0.159 -3.462 0.001%** 1.056
Age -3.064 -0.163 -3.594 <0.001*** 3.077
Education Level 1.128 0.042 0.929 0.353ns 1.042
School Location -7.358 -0.2 -4.292 <0.001*** 1.073
Training Frequency 7.075 0.423 8.926 <0.001*** 6.108
Frequency of Digital
ool Use -0.527 -0.03 -0.668 0.504ns 1.029
Model Fit R? = 0.363, Adjusted R2 = 0.350, F = 29.761, p < 0.001***

*Note. *p < 0.05, **p < 0.01, **p < 0.001 ; ns = not significant.
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As shown in Table 6, the regression model was significant and explained 35.0% of the variance

in teachers’ cybersecurity awareness. Training frequency was the strongest predictor, followed by school

location, age, and gender, while education level and digital tool use frequency were not significant

predictors.

Table 7 Verification Results of Research Hypotheses.

Hypothesis
Hypothesis Content Verification Result
Number

Teachers' technical experience is significantly positively correlated

H1 Not supported
with their cybersecurity awareness
Teachers who have received cybersecurity training have significantly

H2 Strongly supported
higher overall cybersecurity awareness than those who have not.
Teachers' educational background has a significant impact on their

H3 Not supported
cybersecurity awareness
School location has a significant impact on teachers’ overall

Ha Supported
cybersecurity awareness.
Gender has a significant impact on teachers’ overall cybersecurity

H5 Supported
awareness.

5.4 Findings Related to Research Objective 3: Empirical Basis for Enhancement Recommendations

To address the third research objective, recommendations were developed based on the

empirical findings. Since training frequency was the strongest predictor, schools should establish a

standardized annual cybersecurity training system, with 1-2 systematic sessions per year as a cost-effective

baseline. As school location had a significant effect, more training resources should be allocated to rural

schools. In addition, the relatively lower score of emergency response capability indicates the need for

more scenario-based training, such as phishing email identification, ransomware response, student data

leakage reporting, and emergency handling drills.

Overall, the results directly respond to the three research objectives: Table 3 presents the

current level of teachers’ cybersecurity awareness; Tables 4-7 identify the key predictors and verify the

hypotheses; and the empirical findings provide evidence-based support for the proposed enhancement

recommendations.
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Conclusion and Discussion

1. Interpretation of Core Findings

The results show that cybersecurity training is the strongest predictor of teachers’ cybersecurity
awareness, highlighting the need for targeted training [8] and systematic teacher digital literacy development
[12].

The findings align with PMT [13], as cybersecurity training may strengthen threat perception,
response efficacy, and self-efficacy. The effect of school location is also consistent with TAM [14], since
urban schools usually have better infrastructure and access to cybersecurity tools. Meanwhile, the non-
significant effects of digital tool use and educational background suggest that general technology use and
formal education are insufficient without targeted training, consistent with human factors cybersecurity
research [15].

2. Theoretical Implications

This research supports the use of PMT [13], TAM [14], TPB [16], and SCT [17] to explain K-12
teachers’ cybersecurity awareness. Systematic training can strengthen threat perception, protective
motivation, perceived usefulness, and behavioral confidence. The differences by gender, age, and school
location are consistent with prior findings [18].

Unlike previous studies [8,18,19], educational background and digital tool use frequency were not
significant predictors. This suggests that general education and daily digital use do not necessarily improve
cybersecurity awareness without targeted training. The findings clarify the boundary between technology
use and cybersecurity awareness, and highlight the value of optimizing training frequency.

3. Practical Implications

The findings indicate that teacher cybersecurity awareness should be improved through systematic
and targeted training. Since one-off cybersecurity awareness campaigns often fail to produce long-term
behavioral change [20], education authorities should establish an annual training system.

Training resources should prioritize rural schools to narrow the urban-rural gap and strengthen rural
teachers’ digital literacy support [21]. Schools should also integrate 1-2 systematic cybersecurity training
sessions per year into continuing education and strengthen teachers’ role in building a collaborative
protection system among teachers, students, schools, and families.

4. Limitations and Future Research
This research is limited by its regional sample from Fujian Province and its use of only quantitative
methods. Future studies should expand the sample scope, adopt mixed methods, and use longitudinal

designs to examine the long-term effects of different cybersecurity training modes.
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Recommendation

1. schools should establish a standardized annual cybersecurity training system. Based on the
findings, 1-2 systematic training sessions per year may serve as a cost-effective baseline. The training content
should cover phishing identification, password management, data backup, and emergency reporting.

2. more cybersecurity training resources should be allocated to rural schools. Education
authorities may provide shared online courses, regional training programs, urban-rural paired assistance, and
remote technical support to reduce the urban-rural gap in teachers’ cybersecurity literacy.

3. scenario-based training should be strensthened, especially in emergency response. Schools
may organize practical drills on phishing email disposal, ransomware response, student data leakage
reporting, and infected-device isolation to improve teachers’ practical response capability.

4. differentiated training programs should be provided for teachers of different age groups and
technical backgrounds. For older teachers, training should focus on basic risk identification and step-by-step
emergency procedures. For younger teachers, training may emphasize advanced threat cases, privacy
protection, and student guidance in digital environments.

5. teachers’ cybersecurity literacy should be integrated into the overall campus cybersecurity
education system. Schools may build a collaborative mechanism involving teacher training, student
cybersecurity classes, parent-school communication, regular risk reminders, and campus cybersecurity

culture construction to form a full-coverage protection system.
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Against the backdrop of China's "Made in China 2025" national strategy and the accelerating
intelligent transformation of manufacturing industries, vocational education faces a critical challenge of
aligning talent training with rapidly evolving industry demands. In Putian, China's renowned "Shoe Capital”,
the rapid development of intelligent footwear, electronics and equipment manufacturing industries has
created an urgent need for skilled network technology professionals, yet a significant competency ¢ap
persists between vocational graduates and enterprise requirements. This study aims to 1) construct a
three-dimensional competency framework for network technology students integrating national teaching
standards and Putian's local industrial context 2) analyze the competency gaps between students' current
abilities and both national teaching standards and enterprise demands 3) propose targeted curriculum
optimization strategies to enhance competency-job alienment. A cross-sectional quantitative research
design was employed. Data were collected from 400 valid respondents including vocational students and
graduates through structured questionnaires. Descriptive statistics, one-sample t-tests, independent
samples t-tests, and Pearson correlation analysis were used to test four research hypotheses. The results
indicate that students' technical skills (M=3.09) and professional qualities (M=3.35) slightly exceed the
national teaching standard (3 points), while advanced industrial scenario skills (M=3.01) do not reach the
required benchmark. Furthermore, participation in school-enterprise cooperative training significantly
improves students' advanced industrial scenario skills (p<0.001). The acquisition of "1+X" vocational
certificates significantly increases graduates' job-major matching degree (p<0.001). Curriculum-industry
alignment shows a strong negative correlation with job adaptation period (r=-0.786, p<0.001). The findings
provide empirical evidence for regional vocational education curriculum reform and deeper industry-

education collaboration under the global smart industry transformation.
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Introduction

Made in China 2025 (MIC 2025), China’s national strategy to build a global manufacturing
powerhouse, focuses on integrating new-generation information technology with manufacturing [1]. As the
foundation of intelligent industries, network technology is critical for industrial digitalization and upgrading.
However, compared with Germany’s mature "dual system" vocational education, China’s vocational
colleges face prominent talent training mismatches: students’ practical skills fail to meet the Teaching
Standards for Computer Network Technology Major in Higher Vocational Education (hereinafter "Teaching
Standards") or enterprise needs, leading to a structural talent supply-demand contradiction [2]. Germany
achieves skill-industry alignment via vocational education investment, 70% enterprise-participated
curriculum development [3], and standardized certification, while China’s vocational education lacks
adaptive regional scenario training and synchronous course updates.

Putian, the "Shoe Capital of China", is accelerating the intelligent transformation of its three pillar
industries (footwear and apparel, electronic information, high-end equipment) under MIC 2025. Preliminary
2025 research reveals local bottlenecks: insufficient intelligent equipment networking, a major network
technology talent gap, and poor professional relevance of vocational graduates. Against the Teaching
Standards, Putian vocational schools have three core shortcomings: insufficient curriculum coverage of
core content; limited industrial-level training cases; and inadequate school-enterprise collaboration,
resulting in students’ weak adaptability to real industrial scenarios.

Research Scope

Geographic scope: Putian City, focusing on its three intelligent industrial clusters, with Fujian
Meizhou Bay Vocational and Technical School as the core. Target group: 2023-2025 network technology
students from 5 Putian public vocational schools, and personnel from 5 local intelligent enterprises,
focusing on Meizhou Bay Vocational and Technical College’s Information Engineering Department.
Competency scope: Technical skills (aligned with the Teaching Standards), advanced industrial scenario
skills, and professional qualities. Timeframe: 2023-2025, combined with local industrial internet
construction and industry-education consortium operation.

Efinition of Core Concepts

Intelligent industry: A new system centered on Al, industrial internet, loT, automation and edge
computing, applied in footwear and apparel, electronics, intelligent logistics, etc.

Essential Network Technology Competencies: Based on the Teaching Standards, a "knowledge-
skills-qualities" system for typical work tasks, divided into technical skills, advanced industrial scenario

skills, and professional qualities.
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Municipal industry-education consortium: A government-led, college-enterprise collaborative
talent training mechanism based on local industry needs and the Teaching Standards [4].

"1+X" certificates: The full designation is "Academic Credential + Multiple Vocational Skill Level
Certificates," wherein "1" represents the academic credential and "X" represents the multiple vocational
skill level certificates. Aimed at enhancing students' vocational skills and employability, this initiative
constitutes a key reform measure and major innovation within China's *Implementation Plan for National
Vocational Education Reform*.

Skill mismatch theory: Germany’s "dual system" achieves high skill coverage via deep enterprise
curriculum involvement, while Chinese vocational schools have skill mismatches due to insufficient
school-enterprise training [5].

Dynamic Capability Framework: Intelligent industry requires a three-dimensional competency
model ("technical skills - advanced industrial scenario skills - professional qualities"), consistent with
Industry 4.0’s "interdisciplinary technical + soft skills" requirements.

Relevant Literature

National policies: MIC 2025 and “Opinions on Deepening the Reform of the Modern Vocational
Education System” emphasize vocational education-industry alisnment. The Teaching Standards define
computer network technology training objectives and core skills, providing a policy basis. Regional research
shows Putian vocational schools lack industrial-level skills training, with practical cases disconnected from
enterprises and the Teaching Standards. International-domestic experience: Germany’s "dual system" relies
on enterprise curriculum involvement; domestic research shows 72-hour short micro-courses improve
vocational students’ technical skill mastery [6]. Existing studies confirm that "1+X" certificate alignment
with industry needs and the Teaching Standards enhances graduates’ employment competitiveness,
forming a "literature-standards-framework-path" theoretical connection.

Conceptual Framework

Based on the literature review and research hypotheses, this study develops a conceptual
framework explaining the relationships between instructional factors, student competencies, and
employment outcomes. Independent variables include school-enterprise cooperative training, "1+X"
certificate acquisition, and curriculum-industry alignment. These influence the mediating variable (student
competencies: technical skills, advanced industrial scenario skills, professional qualities), which further
affects employment outcomes (job-major matching degree, job adaptation period). The conceptual

framework of this study is illustrated in Figure 1.
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Independent Variables

+ School-Enterprise Cooperative Training

 "14X" Vocational Certificates

* Curriculum-Industry Alignment

|

Student Competencies

« Technical Skills
* Advanced Skills in Industrial Scenarios

« Professional Qualities

|

Employment Outcomes

+ Job-Major Matching Degree
* Job Adaptation Period

Figure 1 Conceptual Framework

Research objectives

Based on the national teaching standards for computer network technology majors and the talent
competency demands of Putian’s intelligent manufacturing industry, this study focuses on full-time
students and graduates majoring in computer network technology from local secondary vocational
schools in Putian. Three logically ordered and empirically supported research objectives are proposed as

follows:

Table 1 Prioritized Research Objectives

Priority Specific Research Objective

1 Construct a three-dimensional competency framework covering technical skills, advanced
industrial scenario skills and professional qualities by combining national teaching
standards and Putian local industrial demands, forming dual evaluation criteria for

competency assessment.

2 Quantitatively analyze students’ competency gaps with reference to the 3-point national
teaching benchmark and 4-point enterprise employment benchmark across three

competency dimensions.

3 Propose three curriculum optimization schemes including modular curriculum design,
school-enterprise training and "1+X" certificate integration, and verify their effects on

improving post matching and shortening job adaptation cycle.
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Table 1 lists three research objectives sorted by research priority in the order of framework
construction, gap analysis and curriculum optimization. The objectives are designed based on national
vocational teaching specifications and Putian local intelligent manufacturing industry talent requirements.

Research Questions

1. Competency Compliance Status Assessment

Does the current competence of computer network technology students in Putian vocational
colleges meet the requirements of teaching standards and the actual needs of enterprises, within the
three-dimensional framework of "technical skills (core competencies aligned with teaching standards -
advanced skills in industrial scenarios (adapting to Putian industries - professional qualities)"?

2. School-Enterprise Training and Advanced Skill Development

Can participating in the joint construction of training bases by schools and enterprises (which
meet the requirements of teaching standards and internship sites) significantly improve students' mastery
of advanced skills (such as industrial protocol parsing and edge computing deployment)?

3. "14+X" Certificates and Employment Matching

Does obtaining the "1+X" certificate recommended by the teaching standards (such as network
system construction and operation and maintenance, cloud computing platform operation and
maintenance and development) improve the match between graduates and their job positions?

4. Curriculum Fit and Job Adaptation Cycle

a negative correlation between the alignment of course content with industry needs and teaching
standards and the students' job adaptation period (i.e., the higher the alignment, the shorter the
adaptation period)?

Research Hypotheses

Based on preliminary research, the following hypotheses are proposed:

H1: Putian vocational computer network technology students’ average three-dimensional
competency score meets the Teaching Standards (3 points) but is lower than enterprise core position
requirements (4 points).

H2: Students participating in school-enterprise joint training bases (meeting the Teaching
Standards’ internship requirements) have a higher mastery rate of advanced industrial scenario skills than
non-participants.

H3: Graduates with "1+X" certificates have a higher job-major matching degree than those without.

Had: Course alignment with Putian’s intelligent industry needs and the Teaching Standards is

negatively correlated with graduates’ job adaptation period.
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Research Methodology

This study adopted a cross-sectional quantitative design with stratified random sampling.
Descriptive and inferential statistics were applied to verify the four research hypotheses.

1. Population and Sampling Methods

Population:The population included approximately 1,200 computer network technology-related
students from 5 public vocational colleges in Putian (2023-2025), and 10 personnel from 5 local intelligent
enterprises (e.g., Three Trees, Huafeng Industry and Trade).

Sample and Sampling Methods:Student Sample: Stratified random sampling was adopted, with
200 students selected (100 from Meizhou Bay Vocational College and 25 from each of the other 4
colleges). Meizhou Bay Vocational and Technical College is the largest vocational college in Putian with
the largest number of computer network technology students (accounting for approximately 50% of the
total number of students in the city), so 100 students were selected from it. Enterprise Sample: Purposive
sampling was used to select 5 representative enterprises covering footwear, electronics, and equipment
manufacturing. Graduate Sample: 200 graduates were randomly selected for a career development
tracking survey.

2. Research Tools

Student Skills Assessment Scale: Designed based on teaching standards and enterprise needs,
covering three dimensions (Technical Skills, Advanced Skills in Industrial Scenarios, Professional Qualities)
with a 5-point Likert scale (1 = no knowledge, 5 = highly proficient).

Enterprise Needs Survey Questionnaire: Based on teaching standards, focusing on enterprise
industry, job skill requirements, and new employee competency evaluation, using a 5-point Likert scale.

Graduate Career Development Tracking Survey Questionnaire: Covering on-campus status, current
employment status, and competency feedback.

3. Tool Inspection

Reliability: A pre-test (n=50) was conducted; Cronbach’s O > 0.7 (reliable) for scales/
questionnaires, and cross-coder reliability > 0.8 for interview outlines. Validity: Three vocational education
experts reviewed content validity; factor analysis (eigenvalues > 1) confirmed the construct validity of the
skills assessment scale.

4. Data Collection

Table 2 Data Collection Process

Stage Time Period Data Collected Method
T1 Sep-Nov 2025 Student competency assessment and Paper and online
enterprise needs survey questionnaires
T2 Dec 2025-Jan Graduate career development tracking and | Online survey and HR
2026 follow-up competency evaluation data
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Table 2 illustrates the two-stage data collection process of this study, including the time periods,
types of data collected, and corresponding data collection methods.Data were collected in two stages:
the first focused on student competencies and enterprise needs, and the second tracked graduates’

career development and job adaptation.

5. Variable Types

Table 3 Variables and Measurement Scales

Variable Type Variable Operational Definition Measurement Scale

Independent | School-Enterprise Participation in enterprise training | Yes / No
Variable Cooperative Training programs during study

Independent | “1+X”Vocational Whether the student obtained a Yes / No
Variable Certificate national vocational certificate

Independent | Curriculum-Industry Degree to which courses match Likert scale (1-5)
Variable Alignment industry needs

Dependent Technical Skills Ability in network configuration, Likert scale (1-5)
Variable security, and Linux systems

Dependent Advanced Industrial Industrial protocol analysis and Likert scale (1-5)
Variable Skills intelligent manufacturing

networking

Dependent Professional Qualities Teamwork, problem solving, and Likert scale (1-5)
Variable learning ability
Outcome Job-Major Matching Alignment between graduate job | Ordinal scale
Variable and major
Outcome Job Adaptation Period Time required for independent Months
Variable job performance

Table 3 presents the variables and measurement scales used in this study, covering independent
variables, dependent variables, and outcome variables with their operational definitions and measurement

standards.

6. Statistical Methods

Descriptive statistics: Calculated mean, standard deviation, and percentage to describe data
distribution.

Inferential statistics: One-sample t-test (verify H1, comparing competency scores with
teaching/enterprise standards); independent samples t-test (verify H2, school-enterprise training effect; H3,
“1+X” certificate effect); Pearson correlation analysis (verify H4, relationship between curriculum

alignment and job adaptation period).
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Research Results

This section presents data quality, descriptive statistics, hypothesis verification results, and their
theoretical implications based on the research framework.

1. Sample, Data Quality and Descriptive Statistics

A total of 453 questionnaires were collected, with 400 valid ones (200 current students, 89.7%
valid rate; 200 graduates, 87.0% valid rate). Among current students, 96 participated in school-enterprise
training and 104 did not; 103 held "1+X" certificates and 97 did not. The sample was well-represented,
with graduates mainly employed in Putian’s intelligent industries. Missing values (<3.2%) were handled by

sequence mean replacement; 2 data entry errors were corrected, and no extreme outliers were found.

2. Reliability and Validity Analysis
Table 4 Reliability Analysis of Competency Scale

Cronbach’ Project-total score Range of Ol coefficients
Dimension evaluate
s Alpha correlation range after item deletion

Technical Skills 0.893 0.714-0.767 0.863-0.875 excellent
Advanced 0.895 0.735-0.785 0.858-0.876 excellent
Industrial Skills

Professional 0.753 0.560-0.609 0.641-0.686 Acceptable
Qualities

Table 4 presents the internal consistency reliability results of the three-dimensional competency
scale. All Cronbach’s O coefficients exceed the acceptable threshold of 0.70, with technical skills and
advanced industrial skills dimensions reaching excellent reliability levels (0L > 0.89). All item-total

correlations are above 0.5, and deleting any item would reduce the overall O coefficient, indicating no

items need to be removed and the scale has good internal consistency.
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Table 5 Results of Exploratory Factor Analysis

Dimension | KMO Bartlett's df p - Number Cumulativ Factor Comm
value test (X2 value of e variance loading onality
extracted | explained | coefficient | range
factors (%) range

Technical 0.878 539.549 | 10 | 0.000 1 70.148 0.819- 0.670-

skills 0.859 0.738

Advanced 0.843 459.225 | 6 0.000 1 76.040 0.850- 0.723-

skills in 0.883 0.780
industrial
scenarios

Professional | 0.691 141.053 | 3 0.000 1 67.054 0.810- 0.656-

ism 0.836 0.700

Table 5 shows the exploratory factor analysis results for structural validity testing. All KMO values
are greater than 0.6, and Bartlett’s test of sphericity is significant at the p < 0.001 level, confirming the
data is suitable for factor analysis. Each dimension extracts exactly one factor, consistent with the
theoretical framework. The cumulative variance explained exceeds 67% for all dimensions, and all factor

loadings are above 0.81, demonstrating excellent structural validity of the scale.

3. Descriptive Statistical Analysis

Table 6 Descriptive Statistics of Student Competencies

Variable N Mean S.D.
Technical Skills 200 3.089 0.682
Advanced Skills in Industrial Scenarios 200 3.014 0.751
Professional Qualities 200 3.347 0.611
Curriculum-Industry Alignment 200 3.210 0.645
Job-Major Matching Degree 200 2.014 0.938
Job Adaptation Period (months) 200 4.86 1.73

Table 6 reports the descriptive statistics of students’ competencies and employment-related
indicators, including the number of samples, mean values, and standard deviations.Professional qualities
had the highest mean, while advanced industrial skills had the lowest mean and highest variability.
Graduates’ average job adaptation period was 4.86 months, with curriculum-industry alisnment and job-

major matching degree at medium levels.
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4. Hypothesis Testing and Result Analysis

4.1 H1 Test: Analysis of the Compliance Status of Three-Dimensional Capabilities

Table 7 One-Sample t-Test (H1)

Variable Mean Test Value t p-value
Technical Skills 3.089 3 2.470 0.014
Advanced Industrial 3.014 3 0.259 0.796
Skills
Professional Qualities 3.347 3 8.458 <0.001
Technical Skills 3.089 -14.03 <0.001
Advanced Industrial 3.014 -18.65 <0.001
Skills
Professional Qualities 3.347 4 -11.82 <0.001

Table 7 presents the one-sample t-test results used to verify Hypothesis 1, comparing students’

competency levels with the national teaching standard and enterprise requirement.H1 is partially verified:

Technical skills (p<0.05) and professional qualities (p<0.001) exceeded the 3-point teaching standard,

while advanced industrial skills did not (p=0.796). All dimensions were significantly lower than the 4-point

enterprise standard (p<0.001), consistent with situated learning theory (advanced skills require real

enterprise practice).

4.2 H2 & H3 Test: Effects of School-Enterprise Training and "1+X" Certificate
Table 8 Independent Samples t-Test (H2 & H3)

Effect of School-Enterprise Training on Industrial Skills

Group N Mean SD
Participated 96 3.326 0.601
Not participated 104 2.726 0.698

Effect of “1+X” Certificate on Job Matching

Group N Mean SD
Certificate holders 103 2.60 091
Non-holders 97 1.28 0.87

Table 8 shows the independent samples t-test results for verifying Hypothesis 2 and Hypothesis 3,

examining the effects of school-enterprise training and “1+X” certificates.H2 is fully verified: Students in

school-enterprise training had significantly higher advanced industrial skills (M=3.326 vs. 2.726, t=6.141,

p<0.001), confirming situated learning theory. H3 is fully verified: Graduates with "1+X" certificates had

higher job-major matching (M=2.60 vs. 1.28, t=19.012, p<0.001), supporting signaling theory.
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4.3 H4 Test: Relationship between Course Fit and Job Adaptation Cycle
Table 9 Pearson Correlation Matrix (H4)

Variables 1 2 3
Curriculum—Industry Alisnment 1
Job Adaptation Period -0.786*** 1
Job-Major Matching 0.462%** -0.531%** 1
***p < 0.001

Table 9 displays the Pearson correlation matrix for testing Hypothesis 4, revealing the relationships among
curriculum-industry alignment, job adaptation period, and job-major matching degree.Hd is fully verified:
Curriculum-industry alignment had a strong negative correlation with job adaptation period (r=-0.786,

p<0.001), robust via Spearman test (r=-0.810, p<0.001), consistent with skill mismatch theory.

Table 10 Corresponding Empirical Research Findings

Item Specific Research Finding

Finding 1 (Match Priority 1) | The dual-standard three-dimensional competency framework is
applicable to local student evaluation, overcoming the limitations of

relying solely on national standards for competency assessment.

Finding 2 (Match Priority 2) | H1 receives partial empirical support. Students’ technical skills and
professional qualities exceed national benchmarks; however, advanced
industrial scenario skills remain below both national and enterprise

expectations.

Finding 3 (Match Priority 3) | H2, H3, and H4 receive strong empirical support. School-enterprise
training, “1+X” certification integration, and curriculum—-industry

aliscnment significantly improve job-major matching and reduce

graduates’ workplace adaptation period.

=0 < 0.001

Table 10 presents empirical findings corresponding one-to-one with the three prioritized research
objectives in Table 1. All findings are concluded from questionnaire data and statistical hypothesis testing

results.

Conclusion and Discussion

Against the context of MIC 2025 regional intelligent industrial transformation, this study explores
the matching relationship between Putian vocational network technology students’ competencies,
national teaching standards, and regional industry needs. Using 400 valid samples and a three-dimensional

competency framework, it provides empirical support for regional vocational education reform.
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1. Elaboration of Core Research Findings

The core finding is the "partial compliance paradox": students’ basic technical skills and
professional qualities meet national teaching standards, but their advanced industrial scenario skills
(critical to industrial needs) do not meet either standards or enterprise requirements. This stems from
disconnected training models and real industrial scenarios, consistent with situated learning theory [7].
School-enterprise training improves advanced skills; "1+X" certificates enhance job-major matching [8];
curriculum-industry aligsnment shortens job adaptation periods, aligning with Cappelli’s skill mismatch
theory [9].

2. Dialogue with Previous Studies

This study supplements Cappelli’s (2015) skill mismatch theory [9] with micro-empirical evidence
from Chinese regional manufacturing. It identifies a “sufficient basic competencies but insufficient scenario
application” imbalance, differing from the traditional view that skill mismatches stem from delayed
educational supply. Instead, this mismatch arises primarily from the disconnection between classroom
instruction and real industrial environments. This finding supports existing studies showing that rapid
technological transformation outpaces vocational education updates, which in turn creates persistent
competency gaps between graduates and industries [10-14].

The findings also verify situated learning theory’s applicability in manufacturing vocational
education. Workplace participation helps students acquire tacit knowledge and practical competencies
unobtainable via classroom instruction alone, aligning with prior research [5], [10], [15]. Unlike Mingwei and
Yao’s (2025) vocational employment competency model [10], this study focuses on network technology
and industrial scenario alignment, filling the empirical gap in intellicent manufacturing technical
competency research.

This study also enriches Spence’s (1973) signaling theory [8] in the technical labor market. Unlike
Weiss (1995) [11], who focused on human capital’s wage role, it highlights vocational certifications’
signaling function for employment outcomes. “1+X” certificates serve as credible signals to reduce
employer-graduate information asymmetry. Unlike Bishop and Abraham’s (1993) job matching research
[12], it quantifies curriculum-industry alignment’s impact on job adaptation, extending labor market
matching theory.Furthermore, the findings contribute to Industry 4.0 workforce skill literature. Digital
technologies and intelligent manufacturing have increased demand for interdisciplinary technical
competencies [16], [17]. Existing studies note vocational education’s difficulty adapting curricula, causing
advanced skill shortages [18]. This study provides empirical evidence for deeper vocational education-

industry integration.
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Recommendation

1. Vocational Colleges: Build a "Standard + Scenario" dual-driven curriculum aligned with national

Teaching Standards, integrate "1+X" certificate skills into core course assessments, and co-build enterprise-

level training bases via the industry-education consortium to improve students’ advanced industrial

scenario skills.

2. Enterprises: Form hybrid teaching teams with colleges to develop scenario-based teaching cases,

provide Teaching Standards-compliant on-the-job internships with one-on-one mentorship, and share

training resources to ease SMEs’ independent investment pressure.

3. Government & Industry Associations: Establish incentive policies for industry-education integration,

formulate localized skill standards for Putian’s intelligent industries, and build a talent supply-demand big

data platform to align vocational education with industrial iteration.
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Abstract

The purposes of the research were to 1) develop an educational Python chatbot utilizing the open-
source Large Language Model, Gemma2 9B, combined with Retrieval-Augmented Generation (RAG) to
provide personalized, non-intimidating support for novice programmers facing complex abstract concepts,
2) implement a secure, locally-hosted Al system using Ollama and Docker, managed via OpenWebUI, to
ensure a context-aware knowledge base specifically tailored for Python programming instruction, and
3) evaluate the performance and efficacy of the chatbot through a multi-dimensional assessment focusing
on semantic consistency, response accuracy via BERT Score, and linguistic fluency via BLEU Score.

The research findings showed that the RAG-based chatbot significantly outperformed the baseline
(No-RAG) model across all evaluation dimensions. It achieved a high Consistency score of 0.96 compared
to the baseline's 0.82, indicating highly stable and predictable responses. Furthermore, the system
demonstrated robust semantic understanding with an impressive BERT Score (Precision: 0.90, Recall: 0.88,
Fl-score: 0.89), successfully capturing the relevance of educational content compared to the baseline's F1-
score of 0.76. However, while the BLEU Score of 0.29 was an improvement over the baseline's 0.21, it
highlichted limitations in generating nuanced, human-like linguistic responses. Ultimately, integrating
external knowledge via RAG provides a reliable, accurate, and powerful solution for decentralized
educational tools, though further optimization in prompt engineering is recommended to enhance natural
language flow. The evaluation was conducted using a benchmark dataset consisting of 50 Python

programming questions; therefore, the findings should be interpreted within the scope of this dataset.

Keywords: Computer Programming, Artificial Intelligent, Large Language Model, Retrieval-Augmented

Generation, Educational Chatbot
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Introduction

Currently, Computer programming education faces several challenges, particularly the high failure
rate and the lack of foundational programming knowledge among learners.[10] Initial solutions may include
providing additional support for learners with limited programming backgrounds [10], carefully integrating Al
with human oversight by using Al as a supplementary tool under the guidance of instructors. Instructors can
utilize Al to provide preliminary feedback or identify common problem areas among students, thereby
enabling more detailed and accurate guidance[10].

Additionally, fostering critical thinking skills in the use of digital tools and artificial intelligence is
crucial[6].Python programming has become an indispensable skill in today's digital age due to its versatility
and popularity across various fields, including data science, artificial intelligence, and web development[10].
However, learning to program, especially for beginners, can be challenging and daunting. Beginner Python
learners often encounter multiple difficulties. While Python is designed for readability, aspects of its syntax
can still be difficult to grasp, such as variables, functions, and data structures, which are abstract concepts
that require time to understand[10]. Additionally, limited access to personalized support, such as instructors
or teaching assistants, exacerbates these difficulties, leading to gaps in knowledge and comprehension [5].

Another common challenge is that some learners hesitate to ask questions due to embarrassment
or fear of judgment, which prevents them from clarifying their doubts and mastering key programming
concepts [6]. Artificial Intelligence Al-powered chatbots have emerged as a promising tool in education,
providing personalized learning support and instant feedback. Large Language Models (LLMs), such as
ChatGPT and GPT-4o, have demonstrated strong capabilities in understanding and generating natural
language, making them highly suitable for developing educational chatbots [3].

For example, An Al-driven chatbot developed for computer science courses was found that it
significantly enhances self-regulated learning (SRL) and reduces the burden on instructors. However,
students still preferred human guidance in some situations [5]. Despite these benefits, concerns have been
raised regarding over-reliance on Al and the accuracy of Al-generated responses. Research has shown that
many students tend to copy incorrect answers provided by Al without verifying their correctness, highlighting
the need for critical thinking skills when using Al-powered tools [10].Moreover, Al chatbots have proven
valuable in supporting Python learning by providing guidance on syntax, explaining code errors, and assisting
in programming exercises [7]. This enables students to practice debugging and problem-solving more
effectively, fostering independent learning.

This research aims to explore the potential of LLMs in developing a chatbot application that can
effectively assist beginners in learning Python programming. The chatbot should be capable of answering
Python programming questions clearly and concisely, offering problem-solving guidance by helping learners
identify and resolve code errors, simulating human-like conversations to create a friendly and non-
intimidating learning environment, and providing personalized learning experiences tailored to individual

needs and progress.
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Research Objectives
1. To develop an educational Python chatbot utilizing open-source Large Language Models (LLMs)
and Retrieval-Augmented Generation (RAG) to provide personalized support for novice programmers.
2. To implement a locally-hosted Al system using Ollama and Docker to ensure a secure, context-
aware knowledge base specifically tailored for Python programming instruction.
3. To evaluate the performance and efficacy of the chatbot through a multi-dimensional assessment,

focusing on semantic consistency, response accuracy (BERT Score), and linguistic fluency (BLEU Score)

Methodology

Literature Review

Large Language Model (LLM) is an advanced artificial intelligence system designed to process and
generate human-like text using deep learning techniques, primarily based on the Transformer architecture.
LLMs are trained on vast amounts of textual data to understand, generate, and manipulate language for a
variety of tasks such as text completion, summarization, translation, and chatbot interactions [1]. The use
of Al chatbots in programming education has been increasingly recognized as a solution to several
challenges students face, such as debugging, conceptual understanding, and learning efficiency. Many
students struggle with programming due to inadequate feedback and a lack of fundamental programming
skills[10]. Al chatbots, such as ChatGPT, have been found to significantly improve students' performance in
programming exams by offering immediate responses, explanations, and debugging support[12]. These
chatbots facilitate personalized learning and interactive engagement, which are crucial in programming
education[11]. However, the reliance on Al chatbots also raises concerns about academic integrity, as
students may uncritically accept incorrect responses or engage in plagiarism by copying Al-generated code
without understanding the underlying logic [9]. While Al tools can enhance learning experiences, educators
must establish guidelines to ensure their responsible use and to promote critical thinking in programming
education [12].

Related Work

Previous research compared Retriever-Augmented Generation (RAG), fine-tuning, and prompt
engineering to enhance Large Language Model (LLM) chatbot performance. [4] Utilizing the "openassistant-
guanaco" dataset from Hugging Face, the study evaluated these methodologies separately to identify their
unique strengths and weaknesses in improving user engagement and accuracy. Experimental results showed
that the fine-tuned model achieved the highest performance across all metrics, with an accuracy of 87.8%
and a BLEU score of 0.81, effectively reducing contextual misunderstandings and inaccuracies. RAG followed
with an accuracy of 84.5%, proving highly effective for real-time data retrieval in dynamic environments,
though it exhibited slightly higher perplexity than fine-tuning. Prompt engineering, while scoring the lowest

in accuracy at 83.2%, was recognized as a cost-effective and flexible alternative suitable for rapid
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deployment and limited resources. The research concludes that while fine-tuning is optimal for high-
precision domain-specific tasks, the choice of approach depends on organizational resources, and future
work should explore merging fine-tuning with RAG to harness both deep comprehension and extensive
information access.

The consistency and reasoning capabilities of proprietary (GPT-4-Turbo, GPT-4, GPT-3.5) and public
(Mistral, Mixtral) Large Language Models using the Boolq dataset . By analyzing responses to general
knowledge questions and comparing generated explanations against ground truth using metrics like BERT,
BLEU, and F-1 scores, the researchers found that proprietary models consistently outperformed public ones,
with GPT-4 achieving the highest consistency at 89.4%. The study established a direct correlation between
a model's consistency and its reasoning ability, noting that inconsistencies predominantly arise when models
provide incorrect answers accompanied by fabricated explanations. Ultimately, the research highlights that
current LLMs still face significant inherent reasoning challenges, as none of the tested models reached a
90% threshold in both consistency and reasoning performance.[1]

MoodleBot achieved an accuracy of 88% in educational settings, an LLM-driven chatbot integrated
into the Moodle Learning Management System (LMS) designed to support self-regulated learning in higher
education. By adopting a retrieval-augmented generation (RAG) approach to ensure congruence with course
content, the study achieved an 88% accuracy rate in providing academic assistance. Evaluation through the
technology acceptance model (TAM) indicated that while students found the chatbot highly useful and
intuitive for studying course materials, they maintained a clear preference for human tutors over Al for
complex interactions. The findings suggest that LLM-driven tools can effectively reduce administrative
burdens for educators and enhance personalized learning support, provided they are utilized as a
complement to, rather than a replacement for, traditional teaching methods [5]

Current research on the optimization and application of Large Language Models (LLMs) highlights
a critical balance between architectural strategies and inherent logical limitations. Chaubey demonstrated
that the choice of implementation significantly impacts performance, with domain-specific fine-tuning
achieving the highest accuracy (87.8%), while Retrieval-Augmented Generation (RAG) and prompt
engineering offer competitive alternatives for real-time data retrieval and cost-efficiency, respectively.
However, even with these optimizations, Saxena identified fundamental challenges in LLM reliability, noting
that no current model achieves a 90% threshold in both consistency and reasoning. Their findings reveal a
direct correlation between output consistency and reasoning capabilities, as models frequently generate
fabricated explanations (hallucinations) when providing incorrect answers. In practical educational settings,
Neumann successfully applied the RAG approach to develop MoodleBot, which achieved an 88% accuracy
rate and high student acceptance. Nevertheless, despite the perceived usefulness of these Al tools in
reducing administrative burdens and supporting self-regulated learning, evidence suggests that students still
prefer human tutors for complex interactions, underscoring that LLMs should complement rather than

replace human instruction. [4]
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Despite the increasing use of Large Language Models (LLMs) and Retrieval-Augmented Generation
(RAG) in educational chatbots, empirical studies on locally deployed open-source LLMs for programming
education remain limited. Most existing research focuses on proprietary cloud-based models, raising
concerns regarding deployment costs, data privacy, and institutional control. Furthermore, previous studies
often emphasize usability and leamer satisfaction, while comprehensive evaluations using multiple
performance metrics such as Consistency, BERT Score, and BLEU Score are relatively scarce. To address
these gaps, this study develops and evaluates a locally hosted educational chatbot based on the Gemma2
9B model integrated with RAG for Python programming instruction.

This research aimed to develop an Al-assisted tool for teaching Python programming, leveraging
Large Language Models (LLMs) and Retrieval-Augmented Generation (RAG) to provide students with
enhanced learning experiences. The development involves creating Python educational content for both
training the LLM and serving as the chatbot's knowledge base, designing a chatbot with NLP, dialogue
management, and Ul components, and training the model using the Python content and simulated
conversations. To evaluate the effectiveness of this Al-assisted teaching system, The evaluation focused on
assessing the consistency of the chatbot's responses and employing metrics such as BERT Score and BLEU
Score to measure the quality and accuracy of the generated programming assistance.

Research Gap

Despite the increasing adoption of LLMs and RAG in educational chatbots, several research gaps
remain. Existing studies primarily focus on proprietary cloud-based models, while empirical investigations
of locally deployed open-source LLMs for programming education remain limited [1], [5], [8]. Furthermore,
although RAG has been shown to improve factual accuracy and contextual relevance, evidence regarding
its effectiveness in domain-specific programnming instruction is still insufficient [2], [4], [8]. In addition, many
previous studies emphasize usability and learner satisfaction, whereas comprehensive evaluations
incorporating consistency, semantic similarity, and linguistic quality remain relatively scarce [1], [5], [11],
[12]. Therefore, this study develops and evaluates a locally hosted educational chatbot based on Gemma2
9B integrated with RAG for Python programming instruction.

Chatbot Development
1) Chatbot Design
The chatbot was designed with several key components. These include a Natural Language

Processing (NLP) module for effective language understanding, a dialogue management module to control
the flow of conversations, a Python programming knowledge base to provide accurate information and
guidance, and a User Interface (Ul) to facilitate interaction with the user. Large Language Model (LLM)
Selection: A suitable Model was selected, The Gemma2 9B model was selected based on a comprehensive
evaluation of factors such as natural language understanding (NLU) capabilities, natural language generation

(NLG) abilities, and the availability of supporting APIs or development tools.
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2) Python Educational Content Development

For the development of this system, a comprehensive suite of Python educational materials were
developed. These resources encompassed fundamental programming principles, including variables, data
types, control structures, functions, and essential libraries. This content fulfilled a dual role: serving as
training data for the Large Language Model (LLM) and providing a core knowledge repository for the chatbot
agent.

Prompt engineering, fine-tuning and Retrieval-Augmented Generation (RAG) are also established
methods for adapting the Model, this research specifically focuses on Prompt engineering and Retrieval-
Augmented Generation (RAG) due to its advantages in efficiency, knowledge update flexibility, and data

grounding, which are particularly relevant for an educational chatbot application focused on Python

Ly |ocalhost
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Ollama RESTful API

T —)

docker P
2 e

programming.
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Gemma RAG N
O I <::I oA
OpenWebUI Knowledge

Figure 1. System Architecture

The system begins with the selection of Open Models, indicating the commitment to utilizing
openly available Large Language Models. Specifically, the diagram highlights Gemma2 9B (by Google) as
selected base models, emphasizing the research's focus on models that can be locally hosted adapted.
Ollama is presented as the runtime environment for these open models. Ollama simplifies the process of
running and managing LLMs locally, providing a crucial layer for model deployment and inference within
the research context.

Following model selection and runtime configuration, prompt engineering remains a critical stage.
This underscores the ongoing importance of carefully crafting prompts to effectively elicit desired behavior
from the chosen Large Language Model (LLM). Subsequent to prompt engineering, the optimized LLM,
executed within the Ollama framework, is containerized using Docker. This containerization provides a
consistent and portable deployment environment, promoting reproducibility and simplifying deployment

across diverse research settings.
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3) Dataset Construction

To evaluate the performance and effectiveness of the proposed RAG-based chatbot, a dataset
consisting of 50 Python programming queries was constructed. These queries were systematically derived
from fundamental Python programming lessons, ensuring alignment with beginner-level learning
objectives.The dataset covers essential topics in introductory Python programming, including: Variables (5
questions), Data Types (5 questions), Conditional Statements (5 questions), Loops (5 questions), Functions
(5 questions), Lists (5 questions), Tuples (5 questions), Dictionaries (5 questions), Basic Input/Output
Operations (5 questions), and Error Handling and Debugging (5 questions). Each query in the dataset was
designed to reflect realistic student questions, such as code explanations, error identification, and problem-
solving tasks. This ensures that the evaluation closely represents authentic learning scenarios. The dataset
was designed as a proof-of-concept benchmark.

For each of the 50 queries, a corresponding ground truth response was developed. These reference
answers were constructed based on Standard Python textbooks, verified educational resources, and
instructor-level explanations. These reference responses serve as the benchmark for evaluating the
chatbot’s output using semantic and lexical similarity metrics.

4) Model Training

The model was configured through prompt engineering and RAG-based knowledge augmentation
using the developed Python educational content. This training regimen ensures the chatbot's ability to
accurately and effectively respond to Python programming inquiries.

4.1 Prompt Engineering is about getting a pre-trained the Model to do what you want just by
writing good prompts. The internal workings of the Model remain unchanged, and the success of this
approach is dependent on skillful prompt creation.

4.2 Retrieval-Augmented Generation (RAG) responsible for augmenting the LLM's responses with
external information[2], is managed through OpenWebUI. This platform serves as the central component
for the RAG pipeline, interfacing with a dedicated knowledge base of Python programming materials.
OpenWebUI likely manages interactions with this knowledge base to enrich the chatbot's responses and
may also provide a user interface or a management layer for the containerized application. Integration of
OpenWebUI occurs either within the Docker container itself or via orchestration of the RAG process that
feeds into the containerized application.

The RAG configuration employed in this study utilized the Gemma2 9B model running on Ollama
as the local inference engine, while OpenWebUI was used to manage the knowledge base and retrieval
process. Python programming materials were segmented into text chunks of approximately 500 tokens with
an overlap of 100 tokens to preserve contextual continuity during retrieval. The embedding process was
performed using the nomic-embed-text model to convert educational content into vector representations
for semantic search. During response generation, the model was configured with a temperature value of 0.2

and a top-p value of 0.9 to enhance response consistency while maintaining sufficient flexibility in
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language generation. The system was deployed on a local server environment with Docker containerization,
enabling secure, privacy-preserving, and institutionally controlled operation without reliance on external
cloud-based Al services.

This architecture emphasizes the utilization of open-source LLMs (Gemma2 9B) managed by Ollama,
deployed within Docker for portability, and enhanced through RAG facilitated by OpenWebUI. Prompt
engineering maintains its central role in guiding LLM behavior within this RAG-enhanced, locally deployable
system. This updated architecture emphasizes the specific technologies employed and their
interrelationships within the proposed chatbot system.

The proposed system supports educational programming through an Al-driven chatbot and assesses
its effectiveness using multiple evaluation metrics. At the core of this system is an LLM Server, which houses
the powerful Large Language Model responsible for the chatbot's intelligence. This LLM Server provides the
necessary language processing capabilities to the Al-Mentor, a chatbot agent that serves as the student's
primary point of interaction. The Al-Mentor delivers the Programming Lesson content to the Student, acting
as a guide and support tool throughout the learning process. Simultaneously, the Al-Mentor collects data
on the student's interactions and performance. This data is then used in a process to Evaluate, where
metrics like consistency, BERT (Bidirectional Encoder Representations from Transformers), and BLEU
(Bilingual Evaluation Understudy) are employed. This evaluation aims to determine the system's
effectiveness, focusing on the quality and consistency of the Al-Mentor's responses and the overall learning
outcome for the student.

5) Chatbot's Performance

The chatbot's performance was evaluated across several key areas, including answer accuracy,
guidance relevance, and response speed. Specific metrics were employed for this evaluation, such as

Precision, Recall, F1-score for question answering, Completion Rate for problem-solvinsg.

Al-Mentor Evaluate
Student (Chatbot Agent) Consistency
BERT,BLEU

[ LLM server }

Figure 2. Educational Programming Chatbot
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Evaluate Model

The consistency of the LLMs is evaluated by giving the same query to the models three times. If

the response of the LLMs (considering only true and false) don’t change, then we say that the LLM is
consistent over that particular query else it is inconsistent.
In order to evaluate the reasoning capabilities of the LLMs, the generated explanation of the LLM is
compared with the ground truth (the explanation in the dataset). The following metrics are used in order
to compare the similarity between the generated response and the ground truth BERT Score, BLEU Score
and F-1 Score

Consistency.

In natural language processing (NLP), consistency refers to the extent to which a model's output
aligns with a given set of rules, constraints, or guidelines. This can involve adhering to grammatical rules,
maintaining logical coherence, or staying within a specific domain or style. Consistency is often evaluated
by comparing the model's output to a gold standard or a set of human-generated examples[1]. The
consistency of the LLMs is measured by measuring the consistency and inconsistency percentage. The
Consistency percentage is given by

Cp = ¢ x 100
L
Cp is the consistency percentage,
N is the total number of consistent responses,

N; is the total number of questions in the dataset.

and the inconsistency percentage is given by:

Cn is the inconsistency percentage,
N;c is the total number of inconsistent responses, and
BERT Score.
BERT Score is an evaluation metric that leverages the contextualized word embeddings from the
BERT model to assess the similarity between two sentences or texts. It computes a similarity score for each
pair of words in the two texts and aggregates these scores to produce an overall score. BERT Score has
been shown to correlate well with human judgments of translation quality and can capture semantic

similarities that traditional metrics like BLEU Score may miss[1].
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BLEU Score.

BLEU (Bilingual Evaluation Understudy) Score is a widely used metric for evaluating the quality of
machine-generated text, particularly in machine translation. It measures the overlap of n-grams (sequences
of n words) between the generated text and one or more reference translations. While BLEU Score is easy
to compute and has been used extensively, it has some limitations, such as its inability to capture semantic
similarity and its sensitivity to word order[1].

F-1 score.

The F-1 score gives us a balanced measure between the amount of information present in the
generated response that is actually found in the ground truth and the amount of key information present
in the generated response when compared with the ground truth.

P Precision x Recall

Precision + Recall

(3)
Precision measures the proportion of information generated by the model that accurately matches

the ground truth relative to the total output produced by the model.
Recall measures the proportion of information generated by the model that matches the ground

truth relative to the total information present in the actual answer.

Research Results

The results of this research are presented according to the three research objectives: 1)
development of the educational Python chatbot utilizing Large Language Models (LLMs) and Retrieval-
Augmented Generation (RAG) 2) implementation of the locally hosted Al environment using Ollama and
Docker, and 3) evaluation of chatbot performance using Consistency, BERT Score, BLEU Score, and
Fl-score.

1) The first objective of this research was to develop an educational chatbot capable of supporting
beginner-level Python programming instruction using open-source Large Language Models (LLMs)
integrated with Retrieval-Augmented Generation (RAG).

The developed chatbot integrates several major components, including: Natural Language
Processing (NLP) , Dialogue management, Python programming knowledge base ,Retrieval-Augmented
Generation (RAG), User interaction interface

The chatbot was designed to provide personalized educational assistance by answering Python
programming questions, explaining programming concepts, assisting with debugging tasks, and supporting
problem-solving activities. The integration of RAG enabled the chatbot to retrieve relevant educational
content from the Python knowledge base before generating responses, thereby improving contextual

relevance and reducing hallucination.
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The educational content used in the system covered introductory Python programming topics,
including variables, data types, conditional statements, loops, functions, lists, tuples, dictionaries,
input/output operations, and debugging techniques.

2) The second objective focused on implementing a secure and locally hosted Al environment
using Ollama and Docker.The developed system utilized the Gemma open-source Large Language Model
executed through Ollama, which served as the local runtime environment for model management and
inference. Docker containerization was employed to ensure deployment portability, reproducibility, and
simplified system maintenance.OpenWebUl was integrated into the system to manage interactions
between the chatbot and the Retrieval-Augmented Generation (RAG) pipeline. The RAG framework enabled
the chatbot to retrieve information from a dedicated Python programming knowledge base before
generating responses.

3) The third objective was to evaluate the performance and effectiveness of the proposed chatbot
through quantitative performance metrics. A comparative experiment was conducted between: RAG-based
chatbot and Baseline chatbot without RAG integration (No-RAG) Both systems were evaluated using the
same dataset consisting of 50 Python programming questions. The baseline system utilizes the same
underlying Large Language Model (LLM) but generates responses without access to the external Python
knowledge base. The performance of both models was evaluated using Consistency, BLEU Score, and
BERT Score, as shown in Table 1.

Table 1 Performance Comparison Between RAG and Baseline Model

Model Consistency BLEU Score BERT Precision  BERT Recall BERT F1
RAG-based Chatbot  0.96 0.29 0.90 0.88 0.89
Baseline (No-RAG) 0.82 0.21 0.78 0.75 0.76

The RAG-based chatbot achieved a Consistency score of 0.96, significantly outperforming the
baseline model (0.82). This indicates that the integration of a structured knowledge base through RAG
contributes to more stable and repeatable responses. The RAG-based model demonstrated superior
semantic understanding, with a BERT F1-score of 0.89, compared to 0.76 in the baseline model.The BLEU
Score of the RAG-based chatbot (0.29) was higher than that of the baseline model (0.21), indicating improved

overlap with reference responses.
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BERT Recall
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o
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M Baseline (No-RAG) B RAG-based Chatbot
Figure 3. Comparison Between RAG and Baseline Model

The experimental results clearly demonstrate that incorporating Retrieval-Augmented Generation
significantly enhances chatbot performance across all evaluation dimensions. The comparative analysis
indicates that the RAG-based chatbot consistently outperforms the baseline model in terms of reliability,
semantic accuracy, and linguistic alignment. This validates the effectiveness of integrating external

knowledge sources into LLM-based educational systems.

Conclusion and Discussion

The development of an educational Python chatbot utilizing open-source Large Language Models
(LLMs) and Retrieval-Augmented Generation (RAG) presents a promising avenue for accessible and
interactive learning. The system architecture, as illustrated in Figure 1, demonstrates a modular design
leveraging Gemma2 9B via Ollama, containerized with Docker, and enhanced with RAG through OpenWebUI.
This approach prioritizes local deployment, flexibility, and maintainability, aligning with the goal of creating
a research-friendly and adaptable educational tool.

The evaluation of the chatbot's performance, as evidenced by the reported metrics, provides
valuable insights into its strengths and areas for improvement. A high Consistency score of 0.96 suggests
that the chatbot consistently provides similar responses to identical prompts, indicating a stable and
predictable behavior. This is crucial for building user trust and ensuring a reliable learning experience.

Although the BLEU Score of the RAG-based chatbot (0.29) was higher than that of the baseline
model (0.21), the absolute score remains relatively low. This suggests that, while the integration of Retrieval-
Augmented Generation (RAG) improved lexical overlap with the reference responses, the chatbot still has
limitations in generating answers that closely resemble expert-written explanations at the surface-text level.
Nevertheless, the high BERT Score (F1 = 0.89) indicates that the chatbot successfully captures the semantic
meaning and educational relevance of the reference content. Therefore, the findings suggest that the
proposed system is more effective in preserving conceptual understanding than in reproducing identical

linguistic expressions.
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In contrast, the BERT Score, with a Precision of 0.90, Recall of 0.88, and F1-score of 0.89, paints a
more positive picture. BERT Score, which leverages contextual embeddings to assess semantic similarity,
suggests that the chatbot's responses effectively capture the meaning and relevance of the educational
content. This indicates that while the chatbot may not replicate the exact phrasing of expert answers, it
successfully conveys the intended information. The high Fl1-score, which balances Precision and Recall,
underscores the chatbot's ability to provide both accurate and comprehensive responses.

The discrepancy between the BLEU and BERT Scores underscores the importance of employing a
multi-faceted evaluation approach. While BLEU focuses on surface-level textual similarity, BERT Score
delves into the semantic content, providing a more nuanced understanding of the chatbot's performance.
In educational applications, where understanding and knowledge transfer are paramount, semantic accuracy
is often more critical than verbatim replication.

The RAG architecture, utilizing OpenWebUI to interface with a dedicated Python programming
knowledge base, plays a crucial role in grounding the chatbot's responses. By retrieving relevant information
from external sources, the chatbot can provide more accurate and contextually appropriate answers. The
effectiveness of this RAG pipeline is reflected in the high BERT Score, suggesting that the chatbot successfully
leverages the knowledge base to enhance its responses.

In conclusion, this research demonstrates the potential of open-source LLMs and RAG for
developing effective educational chatbots. The evaluation results highlight the importance of employing
multi-dimensional evaluation metrics and the need for continuous improvement through prompt
engineering, RAG enhancement, and user feedback. By addressing the identified limitations and exploring
new avenues for development, we can further advance the field of Al-driven educational tools and create
more engaging and effective learning experiences.

Limitations

This study has several limitations that should be considered when interpreting the findings.First,
the evaluation dataset consisted of only 50 Python programming queries covering fundamental
programming concepts. Although the dataset was designed to represent realistic beginner-level learning
scenarios, its limited size may restrict the generalizability of the findings to broader programming domains
and more complex problem-solving tasks. Second, the evaluation focused primarily on automated
performance metrics, including Consistency, BERT Score, and BLEU Score. While these metrics provide
valuable quantitative insights, they may not fully capture educational effectiveness, learner engagement,
or pedagogical quality from the perspective of students and instructors.Third, the chatbot was evaluated
using benchmark questions rather than real classroom deployment. Consequently, the study does not
examine learner satisfaction, learning outcomes, long-term usage behavior, or the impact of the chatbot on
programming achievement in authentic educational settings.Fourth, although the RAG-based chatbot
outperformed the baseline model across all evaluation metrics, statistical significance testing was not

conducted. Therefore, future studies should employ larger datasets and appropriate statistical analyses to
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further validate the observed performance improvements.Finally, the system was developed using a
specific open-source LLM configuration and Python programming knowledge base. The results may vary

when different models, embedding techniques, retrieval strategies, or educational domains are employed.

Recommendation

1. Educational institutions may adopt the proposed RAG-based chatbot as a supplementary learning
tool for introductory Python programming courses. The chatbot can provide immediate assistance, explain
programming concepts, and support students outside classroom hours.

2. Instructors may utilize the chatbot to provide preliminary suidance for common programming
questions, thereby reducing repetitive inquiries and allowing more time for higher-level instructional
activities.

3. To maximize educational effectiveness, the chatbot should be used as a complementary learning
assistant rather than a replacement for instructors. Students should be encouraged to verify chatbot-
generated responses and apply critical thinking when solving programming problems.

4. Institutions concerned with data privacy and information security may benefit from locally
hosted open-source LLM solutions, as such systems offer greater control over educational data compared
with cloud-based Al services.

5. Future studies should employ larger and more diverse datasets covering intermediate and
advanced programming topics to improve the generalizability of the findings. Further research should
investigate the effectiveness of the proposed chatbot in real classroom environments by examining learner
satisfaction, learning achievement, self-regulated learning, and long-term educational outcomes.

6. Human expert evaluation should be incorporated alongside automated metrics to provide a
more comprehensive assessment of chatbot response quality and pedagogical effectiveness.

7. Future studies should explore the integration of fine-tuning techniques with Retrieval-Augmented
Generation (RAG) to further improve response accuracy, consistency, and domain-specific performance.

8. Additional evaluation metrics, such as ROUGE, METEOR, and human-centered assessment
frameworks, should be considered to complement BERT Score and BLEU Score.

9. Further research should examine the scalability and deployment performance of locally hosted

educational chatbots in larger educational institutions and multi-course learning environments.
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Abstract

This article is an academic review and synthesis of concepts, with the objective of presenting
guidelines for the development of artificial intelligence (Al), which is currently confronted with significant
challenges, particularly constraints related to computational complexity, intensive resource consumption, and
system scalability. Consequently, Al system designers have increasingly focused on developing conceptual
frameworks and architectural paradigms that can maintain high computational performance while reducing
resource costs. Among the approaches that have attracted considerable attention are clustering techniques,
one form of machine learning, and the Mixture of Experts (MoE) architecture, which functions to analyze
structural and computational interrelationships within models. Clustering techniques aim to discover latent
patterns and intrinsic structures within data by leveraging deep representations to group instances with similar
characteristics. This mechanism helps reduce the complexity of input data and enhances processing efficiency.
In parallel, the Mok architecture embodies a conditional computation paradigm in which a model is divided
into multiple specialized sub-networks, or “experts,” and a routing mechanism selectively activates only
those components most relevant to a given input. Such an approach enables more efficient resource
utilization and improves the scalability of large-scale systems. The integration of clustering techniques with
the Mok architecture therefore yields a computational framework capable of reducing computational burden,
increasing flexibility, and sustaining high model performance. This conceptual integration reflects a key
direction in the development of the Al system “DeepSeek,” which emphasizes efficiency, scalability, and

sustainable deployment across diverse application contexts.

Keywords: Clustering, Mixture of Experts, Large Language Model, DeepSeek
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