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Abstract 

The unsafe behavior of production staff has the characteristics of strong replication 

and fast propagation. It is of great significance to establish a model for the spread of 

unsafe behaviors under the intervention of training and education, and to study its 

inherent rules of propagation, so as to control the spread of unsafe behaviors among 

employees during the pandemic such as covid-19. The improved SEIRS infectious 

disease model was constructed, and the concepts of improvement rate, learning rate 

and direct immunity rate were added to explore the mechanism of out-of-system 

training and education intervention on the spread of unsafe behaviors within the 

system. Using the function ODE45 in MATLAB to solve the value of the differential 

equation and effectively simulate the movement trajectory of each particle in the 

system, so as to analyze the dynamic transformation relationship between employees 

in different states and the influence of the conversion rate on the propagation process 

of employees' unsafe behaviors. The results showed that the spread of unsafe 

behaviors could be suppressed by increasing the rate of improvement, cure and direct 

immunity, and decreasing the rate of infection, learning and forgetting by training the 

safety awareness and skills of the future personnel. Conduct pre-employment safety 

training and work safety supervision for future personnel, and cut off the source of 

infection. As a result, changes in six conversion rates to different degrees will affect 

the process of behavior propagation. 

Keywords:Unsafe Behavior of Employees, Modeling and Simulation, Infectious 

Disease Model, Government Intervention, Propagation Dynamics, Education, 

Training 

 

1.Introduction 

Productionsafetyinenterprisesisanimportantproblemt

hatrestrictsChina'ssocialandeconomicdevelopment.P

remierKeqiangLipointedoutinthenationalproductions

afetyteleconferenceheldbytheStateCouncilonJanuary

9th,2019thatproductionsafetyisamajoreventtoensuret

hesustainableandhealthydevelopmentoftheeconomya

ndthepeople'speaceandcontentment
[1]

.Todoagoodjobi

nproductionsafety,wemustdoagoodjobinsafetyprotect

ion,soastobuildasafeandstablesocialenvironment.Inre

centyears,althoughthesafetymanagementhasbeenstre

ngthened,safetyaccidentsstilloccurfromtimetotime,an

davarietyofstatisticaldatashowthatunsafebehaviorofp

roductionemployeesisthemostimportantcauseofaccid

ents.Moreover,unsafebehaviorsofproductionemploye

eshavethecharacteristicsoftransmission,accumulation

andrepeatability
[2]

.Therefore,itisofgreatsignificancet

ostudythespreadofunsafebehaviorsofproductionempl

oyeesbystartingfromthesourceofsafetyaccidents--uns

afebehaviorsofproductionemployeesinenterprisesand

influencingthepossibilityofunsafebehaviorsofemploy
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eesbyconductingsafetytraining
[3]

ortakingrewardsand

punishments
[4,5,6]

accordingtothetheoryofbehaviorcor

rection. 

Unsafebehaviorofproductionemployeesreferstothebe

haviorsofemployeesthatendangerthelivesandhealthof

themselvesandothersorbringsafetyrisksduetoillegalo

peration,illegalbehaviorandnotparticipatinginsafetye

ducationandtrainingandotherpromotionactivitiesinth

eproductionprocess.Thespreadofunsafebehaviorsrefe

rstothatpeopleactivelylearn
[7]

,copyorimitateothers'un

safebehaviorsunderthestimulationoftheinterestsofuns

afebehaviors.Individualsinfectedbythebadatmospher

eofthegroupmaylearnunsafebehaviorsorevolveandspr

eadnewunsafebehaviors.Thespreadofunsafebehavior

sisacomplexanduncertainprocess
[8]

. 

Therearefewstudiesonthespreadofunsafebehaviorsof

productionemployeesathomeandabroad,andmostofth

emarebasedonstaticanalysisofinternalandexternalfact

ors
[9]

.Internalfactorsmainlyrefertoindividualfactors.

Mostscholarspointoutthatsafetycognitionandsafetyatt

itude
[10]

,safetypsychologyandbehaviorhabits
[11]

,ands

afetyknowledgeandskills
[12]

allhavecertaininfluenceo

nthespreadofunsafebehaviors.Externalfactorsmainlyr

efertotheworkingenvironmentandorganizationalenvir

onment.Mostscholarsbelievethattheworkenvironmen

tinfluencesthesafeoperationofemployeesbyaffectingt

heirhealth
[13]

andthechangesofsomephysiologicalindi

cators
[14]

,soastoexploretheregularmechanismthatcaus

esthespreadofunsafebehaviors
[15]

.Studieshaveshownt

hatorganizationalfactorssuchasriskperception,workpr

essure,rulesandregulationsarrangement,safetyculture

atmosphereandsafetysupervisionandmanagementarec

loselyrelatedtothespreadofunsafebehaviorsofemploy

ees
[16,17,18]

. 

Intermsofcommunicationmodel,theresearchobjectsm

ainlyfocusonthetransmissionofdiseases
[19,20,21]

,public

opinioninformation
[22,23,24]

,behavior
[25,26,27]

,etc.Initial

ly,themodelsrelatedtodiseasetransmissionincludedSI

model,SISmodelandSIRmodel.Later,scholarsgradual

lyappliedtheinfectiousdiseasemodeltothespreadofpub

licopinioninformationandbehaviorprediction,andderi

vedSIRSmodelandSEIQRmodel.Inthispaper,learning

fromtheresearchofChenBoetal.
[28]

,theincubationperio

dwasincreased,andtheinfectiousdiseasemodelwasputi

ntheopenenvironmentofenterpriseproduction,soastoe

xplorethespreadruleofunsafebehaviorsclosertothereal

ity.Basedonthetransmissioncharacteristicsofunsafebe

haviorsofproductionemployees,thisresearchmodelint

roducessixconversionratefactors--infectionrate,learni

ngrate,curerate,forgettingrate,improvementrateanddi

rectimmunityrate--toconstructaSusceptibleExposedI

nfectedRemovedtransmissionmodelundergovernmen

tsupervision
[29,30]

.MATLAB2016awasusedforsimulat

ionanalysisofSEIRSmodeltoexplorethedynamicevolu

tionlawofthespreadofunsafebehaviorsofproductione

mployees. 

2.TheSEIRSmodelundergovernmentalsupervision 

2.1.TheSEIRSmodelhypothesis 

Hypothesis1:basedonrelevantresearch
[31,32]

,systemco

nservation:assumethatthenumberofemployeesinanent

erpriseremainsconstantinacertainperiod,regardlessofi

nputandoutput.Inreality,employeesworkintheformofg

roups,teachersandapprentices
[33]

,andthenumberofem

ployeesremainsunchangedinashorttime.Thatis,S(t)+E

(t)+I(t)+R(t)=N.Accordingtothecharacteristicsandinf

ectiondegreeofproductionemployees,productionempl

oyeesaredividedintofourstates:SusceptibleSwhodono

toccurbutmaybeexposedtounsafebehavior;LurkerE.,

whohasbeenexposedtounsafebehaviorbutdoesnotnec

essarilylearntoimitateitandspreadittoothers;SpreaderI

withunsafebehaviorandtransmissibility;ImmunizerR

whohasbeeninfectedwithunsafebehaviorsbutrefusest

oproduceunsafebehaviorsandspreadthemduetosafety

awareness,organizationalenvironmentalconstraintsan

dotherfactors.S(t),E(t),I(t)andR(t)respectivelyreprese

nttheproportionofthefourcategoriesofmembersinthec

onstructionsiteatthemomentt,andallofthemarecontinu

ousanddifferentiablefunctionsabouttimet,whichsatisf

yS(t)+E(t)+I(t)+R(t)=1.Hypothesis2:Itisassumedthat

employeesareeconomicagents,withlowsafetyquality,

poorcorporatesafetyatmosphere,moreworktasksandhi

gherlaborintensity.Employeesareinachaoticworkinge

nvironmentwhereunsafebehaviorsarecarriedoutandsp

readforthepurposeofeconomicinterests.Inordertorefle

ctthishypothesis,ahigherinitialvalueofinfectionratean

dunsafebehaviorlearningratecanbesetwithreferenceto
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relevantstudies
[30,34],

whichmakestheinfluenceofgover

nmentandothersafetysupervisiondepartmentsonthetra

nsmissioneffectaftertheinterventionofconversionrate

moreobvious. 

Hypothesis3:BasedonthestudyofHanYuetal.
[35,36]

,alea

rningmechanismisintroducedintocommunication.Itis

assumedthattheproductionstaffoftheenterprisewillmo

delandimitatekeyfiguressuchastheteamleader.Individ

uals'imitationofunsafebehaviorswillturnintogroupuns

afebehaviors,thuscreatingabadsecurityatmosphere.Ba

dsecurityatmosphereandgroupunsafebehaviorswillals

oincreasethelearningrateofindividualsforunsafebehav

iorsandthusacceleratethespreadofunsafebehaviors.Ne

windividualsbecomeinfectedbyherdbehaviorandthen

developunsafebehaviors,whicheventuallyformsavici

ouscircleoftransmission. 

Hypothesis4:Inthewholesystemarea,thenumberofdiss

eminators,thenumberofimmunizers,andthespreadspe

edofunsafebehaviorsinthesystemwillhaveamajorimp

actonthesafetyofproductionofenterprises.Thespreadd

egreeofunsafebehaviorsispositivelycorrelatedwiththe

numberofdisseminatorsandthespreadspeedofunsafeb

ehaviors,whilenegativelycorrelatedwiththenumberofi

mmunizers. 

2.2.SEIRSmodelconstruction 

Thismodelincorporatedgovernmentregulation,anexte

rnalenvironmentalfactorthataffectscommunication,in

totheSEIRmodel,andestablishedanewSEIRSmodel,w

hichconsistsoftwoparts:theouterlayerofthesystemand

theinnerlayerofthesystem.Theformermainlyinvolves

governmentintervention,whilethelattermainlyreflects

thecommunicationprocessofemployees'unsafebehavi

ors.Atthesametime,sixconversionratefactorsincludin

ginfectionrate,learningrate,curerate,forgettingrate,im

provementrateanddirectimmunizationratewereintrod

ucedtosystematicallyanalyzethespreadofunsafebehav

iorsamongproductionemployees,soastosimulatethesp

readprocessmorescientifically.Basedontheabovefour

assumptions,SEIRSmodelofunsafebehaviorpropagati

onofenterpriseproductionemployeesundergovernmen

tinterventionisconstructedaccordingtotheactualchara

cteristicsofunsafebehaviorpropagation,thetransitiona

ndchangerelationshipamongstatemembersandthechar

acteristicsofstatetransitionprobability,combinedwitht

hegovernmentcontroloutsidethesystem,asshowninFig

ure1. 

government 
intervention

Susceptible S Exposed E Infected I Removed R
a0 b0 c0

d0

g0

f0a1
b1

c1
d1

f1
g1

The outer system

The inner system

 

Fig.1.SEIRSmodel 

InFigure1,a0(SE)representstheprobabilitythatsusc

eptibleSwillbetransformedintolatentpersonEbyobser

vingandcontactingunsafebehaviors,whichiscalledinfe

ctionrate.b0(EI)representstheprobabilitythatemplo

yeesconsciouslyorunconsciouslylearn,imitateandcop

yunsafebehaviors,transformingfromlurkEtocommuni

catorI,knownaslearningrate.c0(IR)representsthepr

obabilityofcommunicatorIbeingtransformedintoimm

uneRduetotheawakeningofsafetyawarenessortheinflu

enceofexternalfactorssuchassafetyeducation,training,

rewardsandpunishmentmeasures,whichiscalledcurera

te.d0(ER)representstheprobabilitythatlurkEtransfo

rmsintoimmuneRduetohighersafetyqualityorfearofpu

nishmentandotherorganizationalfactors,whichiscalle

dimprovementrate.f0(RI)representstheprobabilityt

hatimmuneRisaffectedbyunsafebehaviorsagainduetoi
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tsownnegligence,safetyawarenessweakenedovertime,

forgettingrulesandregulations,relaxingvigilance,orwe

aksupervisionbyenterprisesandgovernments,whichis

calledtheforgettingrate.g0(SR)representstheprobab

ilityofsusceptibleSbeingdirectlytransformedintoimm

uneRduetoitshighsafetyliteracyorbeingcontrolledbyis

olation,whichiscalleddirectimmunityrate.a1,b1,c1,d1

,f1andg1respectivelyrepresenttheinterventioncoeffici

entsofthegovernmentonthespreadofunsafebehaviors,

namely,thecoefficientsactingona0,b0,c0,d0,f0andg0,r

espectively. 

Accordingtothepracticalsignificanceofconversionrate

andrelevantstudies
[31]

,theaboveparametersmeet:a0 、

b0、c0、d0、f0、g0∈［0，1］；a1、b1、c1、d1、

f1、g1∈［－1，1］；0≤a0－a1≤1；0≤b0－b1

≤1；0≤c0－c1≤1；0≤d0－d1≤1；0≤f0－f1≤

1 ； 0 ≤ g0 － g1 ≤

1.Whena1,b1,c1,d1,f1andg1areallequalto0,itrepresen

tstheinfectiousdiseasemodeltransmittedbyunsafebeha

viorsofanarchyintervention.Accordingtotheprinciple

ofpropagationdynamics,thedifferentialdynamicsequa

tionisestablished: 

 

 
           

 
             

 
         

 

0 1 0 1                                              

0 1 0 1 0 1                           

0 1 0 1 + 0 1 ( )                                   

dS t
a a S t I t g g S t I t

dt

dE t
b b E t d d E t a a S t I t

dt

dI t
c c I t b b E t f f R t

dt

dR t

d

    

      

     

                 0 1 0 1 0 1 0 1f f I t g g S t I t c c I t d d E t
t













        


 (1) 

Makea=a0-a1;b=b0-b1;c=c0-c1;d=d0-d1;f=f0-f1;g=

g0-g1，formula(1)isequivalentto: 

 

 
       

 
       

 
   

 
         

S                  

          

+f ( )                      

dS t
aS t I t g t I t

dt

dE t
bE t dE t aS t I t

dt

dI t
cI t bE t R t

dt

dR t
fI t gS t I t cI t dE t

dt


  




   


   




    


 (2) 

Inactualproduction,thespreadofunsafebehaviorsinent

erpriseswillbeaffectedbygovernmentinterventionand

otherfactors.Undercertainassumptions,throughchangi

ngthevalueofdifferentconversionrateparameters,thisp

aperexplorestherulethatthechangeofconversionrateaff

ectsthespreadofunsafebehaviors.IntheSEIRtransmissi

onmodel,thispaperexplorestheinfluenceofthetransmis

sionprocessontheinfectionrate,learningrate,curerate,i

mprovementrate,forgettingrateanddirectimmunizatio

nrateundergovernmentintervention.Byadjustingthese

parameters,theinfluencingfactorsofunsafebehaviorpr

opagationareanalyzed,soastoobtaintherulesofunsafeb

ehaviorpropagationunderdifferentconditions. 

3.Parametersettingandsimulationexperiment 

ThispaperUSESthefunctionODE45inMATLABtosol

vethenumericalvalueofthedifferentialequation
[37,38]

.A

ccordingtorelevantstudies
[39,40,41,42]

,Theinitialvalueof

theproportionofproductionpersonnelindifferentstatesi

ssetas:S(t)=0.8 ， E(t)=0 ， I(t)=0.2 ，

R(t)=0,Inthecaseofanarchyintervention,theconversio

nrateparametersare:a=0.8，b=0.7，c=0.2，d=0.1，

f=0.6 ，

g=0.2.Simulationtimetissetas15and25,respectively,fo

rcomparisoninthefollowingparagraphs.Accordingtot

heaboveSettings,achangediagramofemployeeproport

ioninvariousstatesduringthepropagationandevolution

ofunsafebehaviorsofenterprisescanbeobtained.Theres

ultinthebasiccaseisshowninFigure2. 
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Fig. 2a 

 
Fig. 2b 

Fig.2Diagramofstaffscalechangeofeachstate(Fig.2a:t

=15,Fig.2b:t=25) 

AscanbeseenfromFigure2,intheprocessofspreadingun

safebehaviorsofproductionemployees,theproportiono

fsusceptiblepeopleshowsadecreasingtrendwiththepas

sageoftime,andtendsto0whent=10.Thelurkrosetoapea

kvalueofabout0.13inashorttime,andthenslowlydecrea

sedto0.Intheabsenceofsupervision,communicatorsge

nerallyshowanupwardtrend,withtheupwardspeedfirst

fast,thenslow,andfinallyreachingastablevalue,withast

ablevalueratioofabout0.75.Theproportionofimmuniz

edpeoplealsoincreasedslowly,fromzerotoabout0.25.

Whenthesystemreachesasteadystate,theproportionofp

eopleineachstateisbasicallyconstant,andthecurveisina

horizontalstate. 

Whena1,b1,c1,d1,f1andg1areallequalto0,thatis,when

thereisnosupervision,theconditionissetasthecontrolgr

oup,whichiscalledthebasiccondition.Duetothediffere

ntintensityanddirectionofgovernmentinterventioninu

nsafebehaviors,newsituationsweresetfortheinterventi

onofsixconversionratesaccordingtothecontrolvariable

method,whichwascalledtheexperimentalgroup.Thech

angegradientofinterventioncoefficientis0.2,whichme

ansthattheinterventiondegreeofallconversionratesisth

esame.Whenthegovernmentpromotesorrestrainsallco

nversionratesanditseffectonconversionratechangesgr

adually,thestateproportiondistributionofemployeesan

ditsinfluenceontheirsafetybehaviorareinvestigatedby

simulation.Thedetailsareshownintable1toTable6. 

3.1.Theimpactofgovernmentinterventiononthetra

nsmissionprocessofinfectionratea 

Situation1:whenthegovernmentintervenesintheinfecti

onrate,thegreaterthegovernmentsupervision,thelarger

theinterventioncoefficienta1,andthesmallertheinfecti

onratea.Whenotherparametersremainunchanged,para

meterSettingsareshowninTable1. 

 

Table1.Situation1ParameterSetting 

Situation1 a0 a1 a=a0-a1 b c d f g t 

BasicSituation 0.8 0 0.8 0.7 0.2 0.1 0.6 0.2 25 

Situation1.1 0.8 0.2 0.6 0.7 0.2 0.1 0.6 0.2 25 

Situation1.2 0.8 0.4 0.4 0.7 0.2 0.1 0.6 0.2 25 

Situation1.3 0.8 0.6 0.2 0.7 0.2 0.1 0.6 0.2 25 

 

BysubstitutingtheparametersinTable1intoformula(2)a ndcarryingoutsimulationanalysisontheSEIRSmodelu
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ndergovernmentsupervision,thevariationoftheproport

ionofsusceptibleS,latentE,transmitterIandimmuneRa

ndthevariationoftransmissionspeedineachsituationca

nbesimulated,asshowninFigure3. 

  

Fig.3a Fig.3b 

  

Fig.3c Fig.3d 

Fig.3SimulationDiagramofTheChangeofInfectionRatea(Fig.3a:a=0.8,Fig.3b:a=0.6,Fig.3c:a=0.4,Fig.3d:a=0.2

) 

AscanbeseenfromFigure3,withthestrengtheningofgo

vernmentsupervision,theinfectionratedecreasedfrom

0.8to0.2.Thefinalproportionofpeopleinthefourstatesb

arelychanged,butthefluctuationofeachstatecurvebeca

meslow,andthetimerequiredforeachstatechangeexten

dedfromt=10inFigure3atot=20inFigure3d.Whenthefi

nalcurveremainslevel,thesystemisinastablestate.Thes

lowchangespeedofcommunicationisconducivetocont

rollingthespreadofunsafebehaviorsofemployeesinent

erpriseproduction. 

3.2.Influenceoflearningrateboncommunicationpro

cessundergovernmentintervention 

Situation2:whenthegovernmentintervenesinthelearni

ngrate,thegreaterthegovernmentsupervision,thelarger

theinterventioncoefficientb1,andthesmallerthelearnin

grateb.Whenotherparametersremainunchanged,para

meterSettingsareshowninTable2.

Table2.Situation2parametersetting 

Situation 2 b0 b1 b=b0-b1 a c d f g t 

BasicSituation 0.7 0 0.7 0.8 0.2 0.1 0.6 0.2 25 

Situation2.1 0.7 0.2 0.5 0.8 0.2 0.1 0.6 0.2 25 
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Situation2.2 0.7 0.4 0.3 0.8 0.2 0.1 0.6 0.2 25 

Situation2.3 0.7 0.6 0.1 0.8 0.2 0.1 0.6 0.2 25 

 

TheparametersinTable2aresubstitutedintoformula(2), andthesimulationanalysisisshowninFigure4. 

  

Fig.4a Fig.4b 

  

Fig.4c Fig.4d 

Fig.4.SimulationDiagramofChangeinLearningRateb(Fig.4a:b=0.7,Fig.4b:b=0.5,Fig.4c:b=0.3,Fig.4d:b=0.1) 

AscanbeseenfromFigure4,duringthewholeprocessofc

hangefromFigure4atoFigure4d,whengovernmentcont

rolreducesthelearningratefrom0.7to0.1,theproportion

ofmembersineachstatefinallyreachesastablevalueisba

sicallyunchanged,butthechangespeedofallcurvesisslo

weddown,andthetimerequiredforreachingastablevalu

eisprolonged.Thetimerequiredfortheproportionofsusc

eptiblepeopletodecreaseto0increasedroughlyfromt=1

0tot=13.Thepeakvalueofthelatentpersonincreasedfro

mabout0.13toabout0.27,andthetimerequiredforthecur

vetofirstriseandthenfallincreasedfromt=10tot=25.The

numberofdisseminatorsalsochangedfromarapidincrea

seintheshorttermtoaslowrise.Overtime,theimmunesy

stemchangeslesssignificantly.Basedontheaboveanaly

sis,itcanbeseenthatreducingthelearningratecanreduce

thespreadingspeedofunsafebehaviors.Therefore,thele

arningimitationofkeyfiguresandthebehaviorreplicatio

nofsurroundingemployeescanbereasonablyusedtocon

troltheunsafebehaviorsofproductionemployees. 

3.3.Effectofcureratecontransmissionprocessunder

governmentintervention 

Situation3:whenthegovernmentintervenesinthecurera

te,thegreaterthegovernment'sactiveguidance,thegreat

ertheabsolutevalueoftheinterventioncoefficientc1,an

dthegreaterthecureratec.Whenotherparametersremain

unchanged,parametersettingsareshowninTable3. 
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Table3.Situation3ParameterSetting 

Situation 3 c0 c1 c=c0-c1 a b d f g t 

BasicSituation 0.2 0 0.2 0.8 0.7 0.1 0.6 0.2 25 

Situation3.1 0.2 -0.2 0.4 0.8 0.7 0.1 0.6 0.2 25 

Situation3.2 0.2 -0.4 0.6 0.8 0.7 0.1 0.6 0.2 25 

Situation3.3 0.2 -0.6 0.8 0.8 0.7 0.1 0.6 0.2 25 

 

TheparametersinTable3aresubstitutedintoformula(2), andthesimulationanalysisisshowninFigure5. 

  
Fig.5a Fig.5b 

  
Fig.5c Fig.5d 

Fig.5.SimulationFigureofCureRatecChange(Fig.5a:c=0.2,Fig.5b:c=0.4,Fig.5c:c=0.6,Fig.5d:c=0.8) 

AscanbeseenfromFigure5,whenthegovernmentadopt

sapositiveguidancestrategy,theincreaseofcureratehas

agreatinfluenceonthechangesinthenumberandspeedof

membersinthesystem.Thetimerequiredforsusceptible

peopletofalltothefinalstablevalueof0increasesfromt=

10tot=15.Thepeakvalueofthelatentpersondecreasedfr

omabout0.13toabout0.08,andthefluctuationofthecurv

erosefirstandthendecreasedgradually,andthetimerequ

iredalsoincreasedfromt=10tot=15.Thedisseminatorde

creasedslightlyinashorttime,andthenincreasedwiththe

passageoftime.Thefinalstablevalueofproportiondecre

asedfromabout0.75toabout0.43,withasignificantdecr

ease.Thenumberofimmunizedpeoplealsoincreasedgra

duallyovertime,andthefinalstablevalueincreasedfrom
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about0.25toabout0.57,withasignificantincrease.Com

municatorsareharmfultothesafetysystem,whileimmu

nizersarebeneficialtosafetyproduction.Accordingtoth

esimulationanalysis,thecureratecanbeimprovedtoeffe

ctivelyreducethenumberofdisseminatorsofunsafebeh

aviors,increasethenumberofimmunizersandslowdow

nthepropagationspeedofunsafebehaviors,soastopreve

nttheoccurrenceofsafetyaccidentstoacertainextent. 

3.4.Influenceofimprovementratedontransmission

processundergovernmentintervention 

Situation4:whenthegovernmentintervenesintheimpro

vementrate,thegreaterthegovernment'sactivepreventi

onandcontrol,thegreatertheabsolutevalueofinterventi

onfactord1,andthegreatertheimprovementrated.When

otherparametersremainunchanged,parametersettings

areshowninTable4.Inordertofacilitatetheanalysisofgr

aphchanges,tissetat15. 

Table4.Situation4ParameterSetting 

Situation 4 d0 d1 d=d0-d1 a b c f g t 

BasicSituation 0.1 0 0.1 0.8 0.7 0.2 0.6 0.2 15 

Situation4.1 0.1 -0.2 0.3 0.8 0.7 0.2 0.6 0.2 15 

Situation4.2 0.1 -0.4 0.5 0.8 0.7 0.2 0.6 0.2 15 

Situation4.3 0.1 -0.6 0.7 0.8 0.7 0.2 0.6 0.2 15 

 

TheparametersinTable4aresubstitutedintoformula(2), andthesimulationanalysisisshowninFigure6. 
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Fig.6a Fig.6b 

  

Fig.6c Fig.6d 

Fig.6.SimulationDiagramofChangeinImprovementRated(Fig.6a:d=0.1,Fig.6b:d=0.3,Fig.6c:d=0.5,Fig.6d:d=0

.7) 

Ascanbeseenfromfigure6,whenthegovernment'sactiv

epreventionandcontrolmakestheimprovementrateincr

ease,ithaslittleimpactonthefinalnumberofmembersine

achstate,butitcanslightlyslowdownthespreadspeedofu

nsafebehaviorsinthesystem.Thepeakofthelurkersdecr

easedfromabout0.13toabout0.07.Accordingtotheabo

vesimulationanalysis,thegovernmentcancontrolthesp

readofunsafebehaviorsinenterprisestoacertainextentb

ytransformingemployeesfromlatentonestoimmuneon

esthroughrewards,punishments,trainingandeducation

. 

3.5Theinfluenceofforgettingratefontransmissionp

rocessundergovernmentintervention 

Situation5:whenthegovernmentintervenesintheforget

tingrate,thestrongerthegovernmentregulation,thelarg

ertheinterventionfactorf1,andthesmallertheforgetting

ratef.Whenotherparametersremainunchanged,parame

terSettingsareshowninTable5. 

Table5.Situation5ParameterSetting 

Situation5 f0 f1 f=f0-f1 a b c d g t 

BasicSituation 0.6 0 0.6 0.8 0.7 0.2 0.1 0.2 25 

Situation5.1 0.6 0.2 0.4 0.8 0.7 0.2 0.1 0.2 25 
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Situation5.2 0.6 0.4 0.2 0.8 0.7 0.2 0.1 0.2 25 

Situation5.3 0.6 0.6 0 0.8 0.7 0.2 0.1 0.2 25 

 

TheparametersinTable5aresubstitutedintoFormula(2) ,andthesimulationanalysisisshowninFigure7. 

  

Fig.7a Fig.7b 

  

Fig.7c Fig.7d 

Fig.7.SimulationFigureofChangeinForgettingRatef(Fig.7a:f=0.6,Fig.7b:f=0.4,Fig.7c:f=0.2,Fig.7d:f=0) 

AscanbeseenfromFigure7,duetotheactivepreventiona

ndcontrolbythegovernment,safetyeducationandtraini

ngforemployeesandcorrespondingrewardsandpunish

ments,therateofforgettingthesafetyconstraintsandspre

adingunsafebehaviorsagainbyimmunizedpeopleisred

uced,whichleadstothelargefluctuationofthefinalstable

valueofmembersinvariousstatesandtheslowspreadofu

nsafebehaviors.Atthispoint,thetimerequiredforsuscep

tiblepeopletodecreaseto0increasesfromt=10tot=25.T

hepeakvalueofthelatentpersonalsodecreased,fromabo

ut0.13inFigure7atoabout0.1inFigure7d.Thechangeti

meofthecurvefirstroseandthendecreasedincreasedfro

mt=10tot=25.Thecommunicatorchangedfromanupwa

rdtrendtoadownwardtrend,andthefinalstablevaluedec

reasedfromabout0.75to0,withobviouschanges.Theinc

reaseinimmunizedsubjectsincreased,fromabout0.25t

oabout0.95.Accordingtotheabovesimulationresults,th

echangeofforgettingratehasagreatinfluenceonthechan

geoftheproportionofcommunicatorsandtheproportion

ofimmunizers.Simulationshowsthatforgetrateanddiss

eminatornumberwerepositivelycorrelatedrelationship

,negativelyrelatedwithimmunenumber,atthesametime

alsoshowsthatintheprocessofunsafebehaviorspread,fo

rgetrateplayakeyrole,productionstaffandenterpriseits

elfshouldnotbe"painisforgottenwheregainfollows,"to

keepsafetyawareness,hasnorelaxationdegreeofattenti
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ontothesafetyproblems.Therefore,unsafebehaviorsca

nbepreventedandcontrolledbyadjustingtheforgettingr

ate. 

3.6.Influenceofdirectimmunizationrategontransm

issionprocessundergovernmentintervention 

Situation6:whenthegovernmentintervenesinthedirecti

mmunizationrateg,thegreaterthegovernmentsupervisi

on,thegreatertheabsolutevalueofinterventioncoefficie

ntg1,andthegreaterthedirectimmunizationrateg.When

otherparametersremainunchanged,parameterSettings

areshowninTable6.Inordertofacilitatetheanalysisofgr

aphchanges,tissetat15. 

Table6.Situation6parametersetting 

Situation 6 g0 g1 g=g0-g1 a b c d f t 

BasicSituation 0.2 0 0.2 0.8 0.7 0.2 0.1 0.6 15 

Situation6.1 0.2 -0.2 0.4 0.8 0.7 0.2 0.1 0.6 15 

Situation6.2 0.2 -0.4 0.6 0.8 0.7 0.2 0.1 0.6 15 

Situation6.3 0.2 -0.6 0.8 0.8 0.7 0.2 0.1 0.6 15 

 

TheparametersinTable6aresubstitutedintoformula(2), andthesimulationanalysisisshowninFigure8.

  

Fig.8a Fig.8b 

  

Fig.8c Fig.8d 

Fig.8.SimulationFigureofgChangeofDirectImmunityRate(Fig.8a:g=0.2,Fig.8b:g=0.4,Fig.8c:g=0.6,Fig.8d:g=

0.8) 
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AscanbeseenfromFigure8,withtheregulatoryconstrai

ntsactivelyguidedbythegovernment,thedirectimmuni

zationrateincreased.Intheprocessoftransmission,altho

ughthefinalratioofmembersinvariousstatesdidnotcha

ngesignificantly,thepeakvalueoflatentpersonEdecreas

edsomewhat,from0.13to0.1.Thetimerequiredforthech

angeprocessoffirstincreasingandthendecreasingtothes

tablevalueof0wasshortened.Thetimerequiredforsusce

ptibleStodecreaseto0alsodecreasedfromt=10totofabo

ut6.5.ThetimerequiredforRtoincreasetoastablevaluew

asalsoshortened,thatis,tdecreasedfromapproximately

10to4.Accordingtotheabovesimulation,increasingthe

directimmunizationratecanindirectlyreducethehidden

dangerofunsafebehaviorstosomeextent. 

4.Conclusion 

4.1.ExperimentConclusion 

Accordingtothespreadingcharacteristicsofunsafebeha

viorsofproductionstaff,SEIRSpropagationmodelunde

rgovernmentsupervisionisconstructed,andtheinfluenc

eofsixconversionrateparametersonthepropagationpro

cessisanalyzed.Theexperimentalresultsshowthat:gov

ernmentinterventioncanincreasecureratec,improveme

ntrated,directimmunityrateg,reduceinfectionratea,lea

rningrateb,andforgettingratef,sothatthesystemcanmai

ntainahighnumberofimmunizersandalownumberoftra

nsmitters,andreducethetransmissionspeedofunsafebe

haviors.Ifthegovernmentdoesnotcontroltheinfectionr

ateaandthelearningrateb,thegroupwillbepassivelyinfe

ctedbyunsafebehaviorsandjointhecrowd,orlearntoimi

tateunsafebehaviorsforthepurposeofsavingtimeandeff

ort,soastoacceleratethespreadofunsafebehaviorsandc

ausehugesecurityrisks.Therefore,thegovernmentshou

ldtakecorrespondingmeasurestoimprovecureratec,im

provementrated,directimmunityrateg,andreduceinfec

tionratea,learningrateb,andforgettingrateftopromotee

nterprisesafetyinproduction. 

4.2.InnovativePoint 

Theinnovationofthispaperismainlyreflectedintwoasp

ects:first,itcombinesthetheoryandthoughtofbehaviorc

ommunicationwiththepracticeofenterprisesafetyprod

uctionmanagement,notlimitedtothenormalresearchpa

radigmofsafetybehaviorintermsofindividualbehavior

characteristics.Byincorporatingemployeesintothestru

ctureoftheinfectiousdiseasemodelandgovernmentcon

trol,animprovedSEIRSmodelwasconstructed,theconc

eptsofimprovementrate,learningrateanddirectimmuni

zationratewereintroduced,andcorrespondingnumeric

alsimulationwasconducted.Themodelincludesthespre

adofunsafebehaviorsinthesystemandthegovernmentre

gulationoutsidethesystem,andstudiesthespreadofunsa

febehaviorsamongemployeesdynamically.Secondly,b

asedonthetheoryofcommunicationdynamics,acontroll

edexperimentwassettoexplorethechangeofconversion

rate,thespeedofspreadofunsafebehaviorsandthechang

eoftheproportionofmembersineachstatewhenthegove

rnment'sinterventiononthesixconversionrateswasdiff

erentinintensityanddirection.Inordertoputforwardthe

countermeasuresandsuggestionsonthecontrolofeachn

odeandconversionrate,itisanin-depthanalysisoftheuns

afebehaviorofproductionstaff. 

4.3.PracticalImplications 

Themodelofunsafebehaviorpropagation,SEIRS,ishel

pfulforsafetymanagerstostudythepreventionofunsafe

behaviorpropagation.Intermsofeducation,thegovern

mentshouldstrengthenthesafetyeducationforenterpris

esandindividuals,andformulatetargetedmeasuresofre

wardsandpunishments,improvethesystemofrewardsa

ndpunishments,andcorrectlyguidethepublicopinionof

theconceptofsafety.Intermsoflearning,employeessho

uldtaketheinitiativetolearnsafeoperationanddevelopg

oodsafetyhabits,safetyawarenessandsenseofresponsi

bility.Intermsoftraining,enterprisesshouldregularlyca

rryoutsafetytrainingcoursescombiningonlineandoffli

ne,andusetheinfluenceofkeyfiguressuchastechnicalba

ckboneandsafetymodeltocontrolthekeyinfluencingfac

torsinthecommunicationprocess:learningrate,curerate

andforgettingrate,soastocarryoutactivepreventionand

controltopromotesafeproduction. 

4.4.Shortcomingsandresearchprospects 

Whenselectingtheinitialvalueandparametersofsimulat

ion,thispaperdrawsontheresearchbasisofmostscholars

,consults1doctormajoringincomputerand2doctormajo

ringinsafetyengineering,andobtainsthesetvalueofthis

paperaftercomprehensiveanalysis.Inordertofacilitatea

nalysisandmakethechangeofconversionrateaftergover

nmentinterventionmoreobvious,theinitialvaluesofhig
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herinfectionrateandlearningrateweresetinthispaper.A

ssumptionsthatenterpriseemployeesarehomo-econom

icus,employeeisinachaotic,forthepurposeofeconomic

interestsandtheimplementationanddisseminationofun

safebehaviorofworkenvironment,thisassumptionhasa

certaindeviationwiththereality,inthefuturestudy,canbe

combinedwiththeactualcaseanalysis,makesthemodel

morerelevantreality,andbyusinganumericalsimulatio

noftheactualdatasimulationofarealeffect. 

Inthenextstep,theauthororotherrelevantresearchersca

nfocusonaspecifictypeofunsafebehaviorofenterprisee

mployeesanddeeplyexploreitstransmissionmechanis

m,soastoproposespecificinterventionmeasuresandbet

terguidetheproductionpracticeofenterprises.Atthesam

etime,itcanbeconsideredtocombinethechainstructure

ofinfectiousdiseasemodelwiththetopologicalstructure

ofcomplexnetwork.Theformertendstoaffectthedeptho

fbehavioraltransmission,whilethelattertendstoaffectt

hebreadthofbehavioraltransmission.Inordertofurthera

ndsystematicallyanalyzetherelatedfactorsthataffectth

espreadofunsafebehaviorandthelinkageamongthesefa

ctors.Itisbeneficialtoimprovethemanagementlevelofp

roductionsafetyandpreventtheoccurrenceofsafetyacci

dents. 

Atthesametime,theresultsofthisstudyalsohaveimporta

ntimplicationsduringpandemicssuchascovid-19.First,

whenanemployeeisintheincubationperiod,takeprecau

tions.Employeesinthesystemshouldtaketheinitiativet

olearnsafetyrulesandregulationsandsafetyoperationsk

ills.Thegovernmentoutsidethesystemshouldprovidesa

fetyeducation,trainingandguidance,andseverelypunis

hunsafebehaviors.Secondly,thismodelshowsthatthetr

ansmissionspeedisfastintheearlystage,soweshouldgra

spthegoldenperiod,earlydetection,earlytreatment.Fin

ally,targetthesourceoftransmission.Infectiousdisease

modelseventuallyreachaplateau.Oneisthezeroequilibr

iumpoint,wheretherearenocommunicators;Theotheris

anon-zeroequilibriumpointwherethenumberofmembe

rsineachstateremainsconstant.Whenthesourceofinfect

ioniseliminated,unsafetransmissioncanbecompletely

eliminated;Whenthesourceofinfectioniskeptundercon

trol,itisguaranteedthatnonewspreaderswillbeadded. 
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