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Abstract:Withthedevelopmentofthesocialeconomy,peopleinthenon-districtheatingzonehavegrowing
demandstodealwiththeharshwinterindoorenvironmentsandyearnforacomfortableindoorenvironment
inthewinter.Relevantstudiesonheatingdemandandbehaviorarebasedonquestionnairesurveyswhose
optionsaresubjectivelymadebyresearchers.Thatwouldleadtobiasedresultsforoccupantswhocanonly
showcomplaintsfollowingtheresearcher􀆳sthinking.Apartfromthat,theoptionsthatresearchers
designedwerealsonotabundantenough.Thesociallisteningmethodisappliedinthisstudythatreviews
relevantdiscussionsonheatingissuesbasedonthecommunitysocialquestionsandanswers.Themethod
collects21653piecesofdataintheformofanswersandcommentsexpressedspontaneouslybydifferent
users.Italsofocusesonthe3.19%dissatisfactionwithintheindoorenvironmentofthefivecategoriesand
foundthatcomplaintsduringwinteraremuchmoretrivialthanresearchershadthoughtbefore.Atthe
sametime,onlineuserstendtodescribeequipmentservicetimeasactions-activated.Thatwillprovidea
referencefordesigningquestionsandoptionstothequestionnaireinrelatedresearchsupplementingthe
traditionalpassivequestionnairesurvey.
Keywords:heating;non-districtheatingzone;sociallistening;indoorthermalenvironment;questionnaire

运用社会化聆听方法的非集中供暖区住户对冬季
室内热环境不满的分析

侯珊珊,刘猛,晏璐,刘鲁萌,刘欢
(重庆大学 土木工程学院;绿色建筑与人居环境营造国际合作联合实验室;国家级低碳绿色建筑

国际联合研究中心,重庆400045)

摘 要:随着社会经济的发展,居住在非集中供暖区的居民对改善严酷冬季室内热环境的需求越发

高涨,希望能在冬季拥有舒适的室内环境。有关于采暖需求和采暖行为的相关文献大多使用问卷

调研进行研究,而问卷中的问题和选项又多是研究者主观制定,在这种情况下,居民只能顺着研究

者的思路表达他们的不满,这将导致调研结果产生偏差;此外,研究者设计的问卷选项在丰度上也

有欠缺。基于社会化聆听的方法,回顾了网络问答社区上有关供暖的讨论,收集了21653条网络



用户自发表达的有关供暖的回答和评论,着重研究了其中3.19%的5项关于室内热环境营造的不

满。研究结果表明,相比传统问卷调研,网络用户有关冬季室内热环境的抱怨类型更加丰富、内容

更加细碎;此外,网络用户更倾向于使用特定动作描述采暖设备的开启,这将对后续相关研究中问

卷调研问题和选项的设置提供参考,成为传统被动式问卷调研的补充。
关键词:采暖;非集中供暖区;社会化聆听;室内热环境;问卷调研
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1 Introduction
ChinausestheQinlingtoHuaiRiverasa

boundarythatdividesthecountryintoadistrict
heatingzoneinthenorthandanon-districtheating
zoneinthesouth.Underthispolicy,different
climate zones in China present different
characteristics in winter indoor temperature
conditions.Someliteraturehassummarizedthe
winterindoortemperatureconditionsindifferent
climatezones[1-2].Ithasbeenshownthatthe
severecoldwithinthecoldregionthathavedistrict
heatingexhibithighindoortemperaturesof19-
24℃,which maintain relatively mild indoor
environments.Whilethehotsummerandcold
winter regions without district heating have
relativelyharshindoortemperatureconditionsof8-
14℃,underthiscircumstance,peoplewholivein
thehotsummerandcold winterregionshave
heatingdemandstopossessacomfortablewinter
indoorlife.Thedemandshavemultipliedrapidlyin
recentyears.Thetopicsofheatinginthenon-
districtzoneinChinahavebeenreadmorethan480
milliontimesandhaveover320000piecesof
discussionon Weibo􀆳ssocialplatform,andthe
answersunderthetopicof"heatingin South
China" havereached morethan 4 000 with
countlesscomments.
In addition to the heating policies,the

buildings􀆳thermalperformanceandoutdoorclimate
conditionsineachofChina􀆳sclimatezonesare
distinctfrom each other.Even ifthe same
equipmentandsystemsareusedforheating,the
effectscannotbecomparedequally.Moreover,

duetorelatedreasonssuchasenergyconservation

andemissionreductionplans,hotsummerandcold
winterareasare moresuitablefordistributed
heating[3].Besides,occupantsinthisareahave
uniquewinterheatingdevicesandheatingbehavior
characteristics.

The current indoor situations, heating
demands,heating devices,clothinginsulation,

equipmentservicetime,triggeringtemperature,

energyconsumption,dissatisfactions,andother
aspectsofthenon-districtheatingzoneshavebeen
studiedbyrelatedliterature[4-9].Socio-demographic
factorsthataffecthabitsofheating[6,10-11]hasbeen
discussedindetail.Aliteraturereviewhasbeen
done by searching the keywords "heating
dissatisfaction"and"winterthermaldiscomfort"
throughtheWebofScience[4,7,12-28].Mostofthe
literature wasresearched using questionnaires,

while some were done by interviewing[20,26].
Temperatureandhumiditypreferencecanbeeasily
thoughtofasdissatisfactionabouttheindoor
thermalenvironmentandarewidelyevaluatedby
literature. Thermal sensation vote, thermal
comfortvote,andthethermalpreferencevoteare
standard measurement metrics used during
experiments.Mostoftheliteratureshowsthatthe
temperatureistoolowduringwinterforoccupants
inChina􀆳snon-districtheatingzones.Moreover,

localthermaldiscomfortisanotheraspectstudied
byvariousresearchers[12,28].Accordingtosome
researchers,heatingdemandsforthelowerbody
including the feet are eager.Some physical
discomfort[20-21,23-24] can be caused by thermal
discomfortsuchaseyedryness,dizziness,andsore
throat.Some equipment may havefunctional
problems that occupants may complain
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about[12,17-18,20,26],and all of those covered
complaintsabouttheslowresponseoftheheating
system.Anotheraspectoccupantsarenotsatisfied
withistheair-conditioner􀆳suneventemperature
distribution[12,17,28]. Furthermore, extensive
research also collected data on adaptive
behaviors[15-20,22-23,25-27]andequipmentusinghabits
[7,13,26]suchasservicetimeandset-pointusing
questionnaires.Adaptivebehaviorscanbeseenas
actionsthathappenedafterthethermaldiscomfort
appeared.Theequipment􀆳sservicetimereflects
urgentdemandonatimescale;whenthedemands
arise,dissatisfactionsemerge.

Aquestionnairesurveyisastandardresearch
method to analyze residents􀆳 demands and
behaviorsinthestudiesmentionedabove.Mora
and Simone[29] have summarized the relevant
characteristicsofquestionnairessuchassample
size,samplestructure,collectionmethod,anddata
processing.Thepreparationandmanagementofa
questionnaireareverycomplicatedandneeda
specificaim andrequireatrainedresearchers􀆳
experienceandcompetence.Questionsandoptions
needtobecarefullyformulatedifmultiple-choice
questionsaretobeusedinquestionnaires.Asfor
questionnaire that investigates thermal
environmentdemandinwinter,theoptionsare
oftenfixed underquestionslikelocalthermal
discomfort, adaptive behaviors, thermal
environmentevaluation,orasablanktofill
in[12,14,16-17,19,22,24-25]. When researchers design
questionsandoptionsforthequestionnaire,they
maycontainbiasfromleadingquestions[30]since
theyhavelittlecontactwiththesubjects,leading
toamisunderstandingofsomeofthequestionsand
options[31].Thatisthedisadvantage whenthe
questionsareansweredwithalternations.Suppose
thequestionsareansweredbyfillingintheblanks
likedissatisfactionsabouttheindoorenvironment
inwinterorheatingdevices,inthatcasemany
subjectswillfeelitisinconvenienttoanswer.The
answers which were obtained through the

questionnaireontheinternetmaybeshorterthan
thoseobtainedthroughpaperquestionnairesor
face-to-faceinterviewsandmayleadtoinformation
losstosomeextent[32].Anotherpossibilityisthat
peoplemayprovide wronginformationthrough
questionnairesontheinternet [29].Researchers
cannotcheckeachperson􀆳soption,whethertrueor
not,inareallifesituation.Furthermore,when
researchisstudiedviaaninterview,itismore
detailed, but useless information is also
enriched[20,26].Itisalsochallengingtodoalarge-
scaleface-to-faceinterviewinreallife.Tosolvethe
problemsmentionedabove,sociallisteningthrough
theinternetmightbeanexcellentwaytolearn
aboutdissatisfactionwithintheindoorenvironment
duringwinter.

Usingonlinesocialnetworking platforms,

researcherscanalsoselectivelyobtaindifferent
opinionsfromamultitudeofonlineusersrather
than actively designing questionnaires and
distributing them to sample populations.
Moreover,thequestionnairesurveycanbethought
ofasapassivemethod.Ifresearchersdonotsolicit
thequestionnairetheydesigned,theseoccupants
maynothaveaccessto orbeawareofthe
opportunity to report their dissatisfactions.
Unsolicitedbuildingreviewsareusedinaformer
studyto exploreindoorenvironmentalquality
throughAirbnb[30]andCtrip.com[33].Researchers
usedtextminingtoanalyzeonlinetravelwebsites􀆳
commentstodoIEQevaluationsofhotelsandfocus
oncustomercomplaints.Therearemanybenefits
tothiskindofnewmethod:

1)Becauseresearchersdidnotdeliberatelyset
options,theinformationisprovidedbyonlineusers
spontaneouslyavoidingbiasfromresearchers.

2)Thereisnoneedtoemployalotof
personnelforthedistributionandrecoveryof
questionnaires.

3)Thesamplebackgroundisnotlimited,

whereasthe majorityofonlineusersareoften
youngandmiddle-aged.
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Sociallisteningisalsoreferredtoassocial
mediamonitoring,whichmeanstomonitorand
analyzetheinformationpostedonsocialmedia
networksaroundspecifictopics[34].Thisstudywill
adoptthissociallisteningmethod.Answersfrom
differentusersonheatingrelatedquestionsaswell
asthecommentsbelowtheanswershavebeen
collectedontheChinesesocialquestionandanswer
(SQA)community.Zhihu(https://www.zhihu.
com/)isanonlineSQAcommunitythatconnects
usersfromallwalksoflifeandallowsthemto
shareeachother􀆳sknowledge,experience,and
insights.Thecommunityislikeaforum where
usersengageinrelevantdiscussionsarounda
certaintopicofinterestontheirowninitiative.
Former researches whose topics range from
games[35],celebirties[36]andhealth[37]arestudied
based upon the Zhihu.com platform. The
characteristicsoftheusersinZhihu.comhavealso
beeninvestigatedindepth[38-39].Theusersarea
group of experts and students with high
educationalqualificationthathelptoprovidea
professionalatmosphere.UnlikeAirbnbandCtrip.
com􀆳scomments,the wayusersdescribetheir
opinions on Zhihu.com is more full oflife
atmosphere.AirbnbandCtrip.com􀆳scommentsare
similartoPOEwheretheusersareaskedtorate
theserviceaftertheyhavecompletedtheshort-
term accommodation orders.Theanswersand
commentsfromZhihu.comaremoresimilartothe
results given during a formalinterview,as
observedintheliterature[20,26].UsersfromZhihu.
comshowtheirtruefeelingsabouttheirlong-term
accommodations;thisis the most signifigant
differencefrom theresearchthatisbasedon
AirbnbandCtrip.com􀆳sanswersandcomments.
Thatisalso whythecomplaintsare notas
numerousastheyareinAirbnbandCtrip.com􀆳s
commentandanswersection.Basedonthereview
doneabove,informationhasbeencollectedabout
users􀆳viewsontheindoorenvironment,aswellas
theirheatingbehaviorsuchasusingtimeandset-

point,dissatisfaction with local thermal and
physicaldiscomfort,complaintsabout devices􀆳
operation,andothercomplaintsofhowtoimprove
theindoorwinterenvironmentinsouthernChina,

especially in the non-district heating zone.
Discussionshavebeenmadeaboutwhetherthere
aredifferencesbetweendemandscollectedthrough
traditionalquestionnairesandsocial-listening.

Inthisstudy,discussionshavebeen made
about:

1)Whetherthewayusersonlinedescribed
theirdemandsisdistinctfrom howresearchers
designedtheoptions?

2)Whetherthecomplaintsthatusersonline
reportedaremoredetailedormoresuperficalthan
what researchers have found through the
traditionalquestionnairesurvey?

3)Whethertheextrainformationusersonline
saidtheyweredissatisfiedwithismeaningfulfor
thedesignofthequestionnaire?

2 Methodology
Themethodsusedinthispaperconsistsof

four phases:questions chosen, key phrases
chosen,textrefinement,informationinputand
export.Theanswerandcommenttextsweresifted
throughindetail.Severalquestionshavebeen
chosenunderthetopicofheating.Thesumof
answersunderthesequestionsis2701,andthe
sum ofcomments undertheseanswerstotals
18952.Thespecificoperationprocessisshownin
Fig.1.
2.1 Keyphraseschosen

Based on the literature review in the
introduction,thermaldissatisfactioncanbedevided
intofivecategories:dissatisfactionabouttheindoor
environment,dissatisfactionaboutlocalthermal
discomfort, dissatisfaction about physical
discomfort, dissatisfaction about devices􀆳
operation, and dissatisfaction about others.
Simultaneously,thedetailsofthermaladaptive
behaviorsandequipmentservicetimearecollected.

812 JournalofCivilandEnvironmentalEngineering            Vol.43



Theresultsafterclassificationfromliterature
areshowninFig.2.Theoptionsofeachcategory
areselectedbasedontheliteratureandprovidea

referencewhenrefiningtherawtextofonline
answersandcomments.

Fig.1 Operationprocess
 

Fig.2 Discomfortcategoryandotherinformationfromliteratures
 

2.2 Textrefinement

Answersandcommentsdonotalwayscontain
the required information, they jest or be
argumentative about the topic that can be
excluded.Furthermore,usersmayusedifferent

descriptionstodescribethesamemeans.Thetext
needstoberefinedfollowingthekeyphrases
chosenbasedontheliterature.Therefinement
containstwosteps.First,turnedtherawanswers
andcommentsinto text which only contains
informationrelatedtoheating.Second,cutthe
textintopiecesaccordingtothekeyphrasesasthe
five categories of dissatisfaction and other
informationmentionedinFig.1.

TheexampleisshowninFig.3.Theexample
textistheinformationthathasbeenextractedfrom
rawanswersandcomments.

Fig.3 Anexampleoftextrefinement
 

2.3 Informationinputandexport
Onethousandtwohundredtwenty-eightitems

ofacomplaintfrom658usershavebeencollected
fromtheindoorenvironmentplatformbeforeand
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afterthey usedthe heating equipment,local
thermal discomfort, physical discomfort,

complaintswithdeviceoperation,aswellasother
complaints.Acorpushasbeenbuiltbasedonthe
collected dissatisfaction about heating. These
complaintsareextractedfrom21653piecesof
answersandcomments,andshowedacomplaint
rateof3.19%.AsshowninFig.1,aquestionary
hasbeenmadebasedonthephrasesandcorpusof
thedissatisfactionandhasbeenfilledinbyeach
answerandcommentreceivedfromtheinternet.
Table1showsdetailedinformationoncountsof
complaints.Besides,informationabouttheservice
time of heating equipment for 58 items,

informationaboutthermaladaptivebehaviorfor
163items,informationaboutheatingdevicesfor
593items,andotherinformationaboutsetting
temperature,hometown,inhabitantnowhavebeen
gathered.Thespecificstatisticsabouteachtypeof
complaintwillbeshownintheresults.

Table1 Typesofcomplaining

Categories Items

Complaintsabouttheindoorenvironmentbeforeheating 283

Complaintsabouttheindoorenvironmentafterheating 184

Complaintsaboutlocalbodydiscomfort 146

Complaintsaboutphysicaldiscomfort 076

Complaintsaboutdevices􀆳operation 347

Othercomplaints 191

3 Resultsanddiscussion
3.1 Indoorthermalenvironment

The indoor thermal environment is the
foundationonwhichtodiscussthequestionof
complaints.Whentherearenoheatingdevicesor
theheatingdevicesarenotinoperation,occupants
showedcomplaintsaboutthedampandcoldindoor
airat77.2%and68.3%,andtheportionofthe
complaintsaboutdampandcoldinthemeantime
reached50.3%.Theratesatwhichtheoccupants
onlycomplainaboutdamporcoldairare25.1%
and15.0%,respectively.Thisshowsthatbefore
heating,themaindissatisfactionwiththeindoor

environmentistemperatureandhumidity.
Afterusingheatingdevices,thedampair

complaintsarereversed,anddryaircomplaints
increaseto56.5%.Theheatingdevicesdonot
workfor60outofthe161users,showingtheir
dissatisfactionaboutindoortemperature.Therates
thatoccupantsonlycomplainaboutdryorcoldair
are 43.5% and 26.7%,respectively.Before
heating,occupantscomplainedaboutbothdamp
andcold.Unlikethecomplaintsbeforeheating,

themaindissatisfactionturnstoonetype,dryor
cold.Moreover,thestuffyconditionsremainboth
withandwithoutheatbutaremoreseverewhen
usingheat.

Fig.4 Complaintsabouttheindoorenvironment
beforeandafterheating

 

Twenty-fouritemsin263userscomplained
aboutthelow-temperatureelevationwithahigh-
temperatureset-pointatthedevices􀆳operation.
Moreover,24in 26 users whoseinformation
containedtheair-conditioner􀆳sset-pointinwinter
showedthattheysetthetemperatureabove25℃
and15ofthemevensetthetemperatureabove30
℃.It􀆳snotstrangethatoccupantscomplained
aboutthecoldnessduringwinter.Comparedtothe
8-14℃indoortemperatureinthehotsummerand
coldwinterzonein China[40],theset-pointis
undoubtedlyhighshowingtheeagerchangeof
indoortemperature.Thehigh-temperatureset-
pointisalsoobservedbyotherresearch.The
averagetemperatureset-pointhasbeenshowntobe
above26℃inallfamilystructures[7].

Toreducedrynesssensation,13of91users
whocomplainedaboutthedrynessafterusing
heatingdevicessaidthattheyuseahumidifierin
combination whentheyuseaheatingdevices.
Furthermore,13in38userswhocomplainedabout
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stuffyairsaidthattheyortheirfamilymembers
open windowsduring winter,disregardingthe
operationoftheheatingdeviceaswellasthe
outdoortemperature.Moreover,someuserseven
reportedthattheyprefercoldnesstostuffiness
duringtheonlineinvestigation.

3.2 Discomfort

Regardinglocalthermaldiscomfort,theresult
issimilartoformerstudiesshowingthathandsand
feetarepartsofthebodytheywanttokeepwarm.
53and75of146userscomplainedaboutcoldhands
andfeetrespectively,whilethenumberreflected
coldhandandcoldfootmeanwhileis31.Theusers
thatcomplainedaboutcoldlegs,feet,handsanda
hotheadare1.98%,33.66%,18.81%,and
3.96%,respectively.

Apartfromthat,there􀆳sasmallportionof
coldearandlegcomplaints.Asadiscomfortdueto
uneventemperaturedistribution,thehotheadis
reportedasathermaldiscomfortof13in101
users.Fromtheliteraturereviewed,thebodypart
occupantswanttowarmupthemostistheirfeet
andlowerbody[12,28].There􀆳realsocomplaintsof
coldhands&head[12],buttheywerenotconcerned
thatthelocalthermaldiscomfortmayhappenwhen
hotairfloatstothetopoftheroom.Another
discoveryisthatthebodypartoccupantswantedto
bewarmissimpler,theyjustwanttowarmoneor
twopart.Someliterature[28]cutthelocalthermal
discomfortintomorethan7parts,butoccupants
onlineonlyshowcomplaintsfor5bodypartsinthis
study.

Note:Othercontainscoldlegsonly/coldfeet&legs/coldhands&leg/

hothead&coldhean/coldears&hands&legs.

Fig.5 Complaintsaboutlocalthermaldiscomfort
 

Thetypesofphysicaldiscomfortarevaried,

andareshowninFig.6,thedetailsofbodypart
affectedandaligmentareshowninTable2.Users
reported that most of these symptoms are
positivelyrelatedtodrynessafterusingtheheating
deviceslikethedrysensationofthroat,face,nose
lips,andskins.Moreover,occupantsmayhavea
headacheorfeeldizzy,thesetwosymptomswere
categorizedinto the head label;others have
sleepinesssymptoms.Anotherkindofsymptomis
theeffectofcoldness,36.4% ofuserssaidthat
theysufferedfromfrostbiteindoorsand10.6%
saidthattheyhadafeverorcaughtacoldduring
thewinterinsouthernChina.Tolearnmoreabout
physicaldiscomfort,Xiongetal.􀆳squestionary[24]

is percise and covers numerous physical
discomforts.Hisquestionaryreported35different
kinds of unique discomforts stemming from
temperature-relateddiscomfort.

Fig.6 Complaintsaboutphysicaldiscomfort
 

Table2 Detailsoflabelsaboutphysicaldiscomfort

Lable Details

C1 Throat

C2 Face

C3 Head

C4 Frostbite

C5 Nose

C6 Sensationofasphyxia

C7 Havefever/cold

C8 Other

Apart from the types of dissatisfaction
summarizedabove,othercomplaintsareshownin
Fig.7.ThedetailsofeachlabelareshowninTable
3.48.9%ofusersthinkthepriceofelectricitythe
equipment consumes is too high,especially
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compared to district-heating feesin northern
China.Eighty-oneoutof176usersreportedthe
phenomenonof"Feelshardtogetupinthe
morning","Freezing at midnight orin the
morning"and"Feelscoldwhensleeping".These
arecomplaintsaboutthe whole procedure of
sleeping.Itshowsthatpeoplecaredabouttheir
sleepingthermalcomfortalot.Furthermore,there
areseveredissatisfactionsthathappened when
occupantstakeshowerorgotothebathroomat
midnight.Theairqualityisalsoaconcernbythe
occupants.

Fig.7 Othercomplaints
 

Table3 Detailsoflabelsaboutothercomplaints

Label Details

B1 Feelshardtogetupinthemorning

B2 Freezingatmidnightorinthemorning

B3 Thecostofelectricitytheequipmentconsumedistoohigh

B4 Feelscoldduringandaftertakingashower

B5 Feelscoldwhengoingtothetoiletatmidnight

B6 Feelscoldwhensleeping

B7 Poorairquality

B8 Gomoldy

B9 Cannotdryclothes

Theinformationonequipmentservicetime
wascollectedfrom50usersontheforum,and36
ofthemdescribedtheheatingequipment􀆳sservice
timeasactivatedbyspecificmotions.Otherswere
describedastimescalesasusualstudiesdid.The
servicetimerelatedtosleeping("beforesleep",

"beforegettingup",and"whileasleep")counts
forupto55.6%.Somestudies[41-42]havediscussed
thesephenomena,andarerelatedtothediscomfort
ofsleeping.Moreover,theshowerisanactionthat
willleadpeopletocomplainaboutthecoldnessand
mayactivatetheoperationofheatingdevices.

3.3 Demandforheatingdevices
Fig.8showscomplaintsaboutdeviceoperation.

EachlabelsdetailsareinTable4.Onehundred-two
ofthe263userscomplainedabouttheharmful
effectofheatingdevices,and15ofthe102users
complainedthattheydidnotfeelwarm.Sixty-six
in263userssaidtheyfeltuncomfortablewhen
usingheatingdevices,and25ofthe66users
describeditindetailincategoriesoflocalthermal
discomfort and physical discomfort. Other
commentswhicharequiteconmenare"Outof
servicewhentheoutdoortemperatureislow"
(10.3%),"Uneventemperaturedistribution"
(16.0%),and"Theoccupantsstillwearmany
layers of clothes when equipment is in
service"(14.8%).

Fig.8 Complaintaboutdevices􀆳operation
 

Table4 Detailsoflabelsaboutcomplaintsaboutdevices􀆳operation

Label Details

A1 Slowwhenraisingthetemperature

A2 Suddentemperaturedropwhenequipmentsuspended

A3
Insufficient temperature rise with high-temperature

set-point

A4 Outofservicewhentheoutdoortemperatureislow

A5 Uneventemperaturedistribution

A6 Feelinguncomfortablewhenequipmentrunning

A7 Morecoupleofairconditionertokeepeverywherewarm

A8
Theoccupantsstillwearmanylayersofclotheswhen

equipmentisinservice

A9 Badeffect

A10
Other(noisy,coldairflow,burningclothes,andlackof

heatingfunction)

Thereasonwhyuserscomplainabout"Sudden
temperature drops when the equipment is
suspended"andor"Outofservice whenthe
outdoortemperatureislow"maybeduetothe

222 JournalofCivilandEnvironmentalEngineering            Vol.43



defrostprocess. When the airconditioneris
operatinginalowtemperatureandhighhumidity
area,theexternalunitispronetofrost.Hence,

theairconditionerneedstosuspendtheheating
phaseandturnonthedefrosteverytimetheair
conditionerpasses.Therefore,frequentstartsand
stops,mayexplainwhyuserscomplainaboutthe
temperature drop afterthe air conditioneris
suspended.Inmoreextremecases,airconditioners
cannotdefrostwell;thiscausestheair-conditioner
to fail to perform normal heating cycles.
Researchers have come up with new defrost
methods[43]andcalculatedpredicted meanvote
(PMV)aswellaspredictedpercentdissatisfied
(PPD)to evaluate the thermal comfort of
occupantsindoorswhiletheair-conditionerisin
operation[44].

Astheheatedairrisestothetopoftheroom,

itisnotuncommonthatthereisdissatisfaction
about uneven temperature distribution.
Furthermore,theuneventemperaturedistribution
complaintalsoconcludesthesituationthatusers
feelcoldwhenthey􀆳refarawayfromthedevices.
Thediscomfortthattheyfeeltoo warm when
facingthewuiipmentdirectlywhiletheirbacksides
stillfeltcoldwasinformationthatwasextracted
directlyfrom onlinesources.Thenon-uniform
temperature distribution can be shown by
ComputationalFluidDynamicssoftware[45],andis
themainreasonthatleadtolocalizedthermal
discomfort.In that case, many personalized
heatingmethodsandthermalcomfortmodelshave
beendesignedtostudy how toimprovetotal
thermalcomfort[46-48].

There is still a complaint about "The
occupantsstillwearmanylayersofclotheswhen
equipmentisinservice".Onehundredandsixty-
threeitemsofthermaladaptivebehaviorshavebeen
summarizedfrom143users.Thedetailsareshown
inFig.9.

Themostgeneralthermaladaptivebehavioris
putting on more clothes from the answers

Fig.9 Thermaladaptivebehaviors
 

collected.Hidinginbedandputtingonmorequilts
showthatthebediswhereoccupantsaregetting
throughharshwinters.Drinkinghotbeveragesand
footbathshowersareadaptivebehaviorrelatingto
hot water. Other ways include shivering,

exercising,andsunbathing.
Foroccupantswhoputonmoreclothesto

compensateforthediscomfortofcoldness,theyare
dissatisfiedthattheycannotreduceclothinglayers
whentheheatingdevicesareinoperation,asFig.
10shows.Thelabelshavethesamemeaningin
Table4.Theyalsocomplainedabouttheharmful
effect of heating devices;this shows their
expectationwithheating.Theywanttowearless
inawarmerindoorenvironment.

Note:OtherscontainA1/A3/A4/A5

Fig.10 Correlationbetweenthermaladaptivebehaviors&
complaintsofdeviceoperation 

To sum up,former studies[12,17-18,20,26,28]

whose occupants complained about devices􀆳
operationdidnotevaluateitsystematically;they
justpickedoneortwocomplaints.Theoccupants􀆳
demandcanbesummarizedinthefollowing:

1)Theywantthetemperaturetoacclimate
quicklyaswellashaveanequaldistribution.

2)Theyhopethatthedevices􀆳operationcanbe
continuousandreliableinanyoutdoorconditionso
thattheycanwearlesstobefreeindoors.

3)Theydon􀆳twantthattheuseofheating
devicestobringthemanyphysicaldiscomfort.
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4 AnalysisandDiscussion
The questionnaires investigated from the

literaturearequitedifferentfrom theanswers
gatheredfromtheinternet,forthequestionnaires
caninquirycompleteinformationandeliminate
incompletereplies.Thecorrelationsbetweeneach
question can be evaluated using a statistical
method,buttheanswersaccumulatedinthisstudy
arequiteindependent.Onedissatisfactionmaybe
extractedfromoneanswer,whileanotheranswer
yieldsseveraldissatisfactions.

Userswhoansweredquestionsordiscussed
withothersaboutheating areoccupants who
actively care about the indoor environment
signifigantly.Thiskindofgroupisdistinctfrom
subjectsthattraditionalquestionnaireresearchers
hasinvestigated.Forsubjectsinthequestionnaire
survey passively concerned about the indoor
environmentandmaynothaveaccesstoorbe
aware of the opportunity to report their
dissatisfactions without researchers delivering
questionnairetothem.

Hereareresultsthataddressthequestions
broughtupintheintroduction.
1)Whetherthewayusersonlinedescribed

theirdemandsisdistinctfrom howresearchers
designedtheoptions?

Whentalkingabouttheequipmentservice
time,someresearchconcludestheopenandthe
closebyactionsorfeelingslike"feelingcold",
"sleeping","feelinggood"orusesinandoffto
show occupiedconditions[13].Othersfrom the
literature[7,13,49-50]wereoftenshownintimescale
(e.g.,from18:00to6:00)orjustmentioned
"servicetime8hours".However,thecorpus
summarizedinthisstudyshowsthattheequipment
servicetime wasdescribed moreasanaction
activatedbyspecificbehaviorslike"beforegetting
up","beforeshowering",andsoon.Some
studies[41-42]havediscusseditasaneventtrigger,
whilethisresearchwouldsaythatoccupantsprefer
thesekindsofevent-triggersaswaystodescribe
thetimetheyusetheheatingdevices.

2)Whetherthecomplaintsthatonlineusers
reportedaremorevividorsimplerthanthosethat
researchershavefoundthroughthetraditional
questionnairesurvey?

Other dissatisfactions collected from the
literaturearecomplaintsaboutnoise[12,14],air
quality[12],personalcontrol[12,17],havetrouble
fallingasleep[23],unpleasanttogetup[23,26],cold
whentakingashower/goingtobed[26],orcold
whencomingbackhome[26].Comparedwiththe
corpussummarized based on sociallistening,
occupantscomplained moreaboutthecoldness
duringtakingashower,goingtobed,andfalling
asleeptogettingupinthemorning.Sleepingmay
becomeanimportantpartofdissatisfactionduring
winter,andthereismuchresearchfocusedon
thermalcomfortduringsleep[51-53].

Moreover,dissatisfaction withthedevices􀆳
operationreflectsthedemandforproperlyworking
heatingdevices;themaincomplaintinliteratureis
the slow response of the heating
system[12,17-18,20,26]andtheuneventemperature
distributioncausedbytheair-conditioner[12,17,28].
Whiletheseworksofliteraturedidnotclassifythe
unevendistributionconditionatthehorizontial,
vertical,frontorback.Duringthisinvestigation,
occupantsmentionedthatonlineusersdistinguish
the uneven temperature distribution in three
dimensions:horizontal,vertical,andthefrontand
backofthebody.Whileinthecorpussummarized
online,thetypesofcomplaintsaboutthedevices􀆳
operationaremorevariableandspecificformore
than10kindsofcomplaints.

As for the local thermal and physical
discomfort,the classificationsthatthis study
analyzedandconcludedaresimilartotheliterature
reviewedabove.Thedifferencesarethatthelocal
thermaldiscomfortstheliteratureisconcernedwith
aretheresultsofcoldness.Researchersmayignore
thediscomfortcausedbythewarmairintheupper
spaceoftheroom.Apartfromthat,formerstudies
cannotshowwhetherthelocalthermaldiscomfort
appears just in one area or several areas
simultaneously[12,28]. Moreover,the complaint
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ratesoffeetandhandsinLin􀆳sstudy[28]arearound
17%and13%,respectively,in97subjects.The
ratesareclosetoeachother,butinourstudy,
among101users,thedemandthatfeetwanttobe
warmedseemsmoreurgentthanhands.Thebody
partsoccupantswanttobewarmismuchsimpler
thanpreviousliteraturehasshown.Manyphysical
discomfortsarecausedbyairdrynessorwarmness
suchasdrynessofskin,throat,nose,andeyes.
Frostbitecausedbycoldnessanddampnesswasnot
mentionedbythestudieswereviewed.
3)Whethertheextrainformationonlineusers

saidtheyweredissatisfiedwithismeaningfulfor
thedesignofthequestionnaire?

Manystudieshavenotevaluatedanddiscussed
temperature, humidity, and air movement
[15-16,18-19,22,24-25].Someevenmentiontemperature
preferenceandputthedissatisfactionofair-dryness
andstuffyairasotheraspectsofdiscomfort[12,17].
Whileinthisresearch,occupantscaremainlyabout
thetemperature,humidity,andtheair-movement
indoors.Whentheindoorthermalenvironmentin
winterisevaluated,especiallyinthenon-district
heating zone,these three parts should be
investigatedsystematically assomeresearchers
did[14,28].Nevertheless,thereis a difference
betweenthisresearchandtheformerstudybyGuo
etal.[13].Guoetal.foundthatinChina􀆳snon-
districtheatingzone,45% ofoccupantswantto
improveonlythetemperature,while16%ofthem
wanttoimproveonlythehumidityconditions
amongnearly1800families.Thepriorityis
inversedinthisresearch.Itmayneedfurtherstudy
inthefuture.Anotheressentialelementinthis
studyisthatmanyoccupantsreportedthattheyuse
ahumidifiertoreducedryness,manystudiesdid
notmentiontheuseofahumidifierthrougha
traditionalquestionnairesurvey.Anotheraspectis
occupantsmayopenthewindowwhiletheheating
devicesareinservice[7,13,22].Researchneedsto
studythewindowusingbehaviortodealwiththe
discomfortbroughtonbystuffiness.Theadaptive
behaviorsgottenfromliteraturecanbesoughtby

Fig.11.Throughsocial-listening,exceptforthe
coldnessandstuffiness,occupantscanusedevices
or ventilation to deal with the problem of
humidity,questionnairescanseldominvestigate
thatkindofcorrelation.Inthatcase,thermal
adaptive behavior can not be restricted to
temperatureandairmovement.Adaptivebehavior
shouldcontainactionsthatdealwithdampnessand
dryness.

Fig.11 Adaptivebehaviorsfromliterature
 

Thedissatisfactionsaboutdevices􀆳operation
showthatoccupantshavethreemainrequirements
ofheatingdevices:

1)Sufficienteffecttoensurefastandadequate
temperatureelevation;

2)Stableoperationtokeeprunningnomatter
howharshtheoutsideenvironmentisandavoid
suddentemperaturedropscausedbyahalt.

3) Uniform temperature and air-flow
distributiontokeepoverallthermalcomfort.

Thedissatisfactionwiththedevices􀆳operation
mayneedtobeevaluatedmoresystematicallyina
furtherstudy.

Tosumup,throughsocial-listening,thereare
fourpoints distinctfrom literature.First,a
correlationwasfoundthatpeopleuseequipmentor
ventilationtoreducethediscomfortingsenseof
humidorstuffyair.Second,thermalcomfort
duringsleepingcanbeanindependentpartwhen
investigating discomfort in winter. Third,

occupantsprefertodescribetheirdevice􀆳sservice
timeasmotion-activatedbyspecificbehaviorlike
sleeping,shower,andgettingup.Fourth,the
evaluationofthedevices􀆳operationcanbemore
systematic.
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5 Conclusions
Datawasextractedfrom 21653piecesof

answers and comments on an online SQA
community about dissatisfaction with winter
heating behaviorsthrough sociallistening.A
corpushasbeen built,whichisclassifiedas
complaintsabouttheindoorenvironmentbefore
and after heating,localthermal discomfort,

physical discomfort, other discomforts, and
complaintsaboutthedevices􀆳operation.Inthe
meantime,informationaboutequipmentservice
time,thermaladaptivebehaviors,and heating
appliancesoccupantspossesshavebeencollected.
Thecomplaintrateis3.19%.Thegroupofusers
thathavebeeninvestigatedarepeoplewhoare
proactively concerned with their indoor
environment.

Theprimaryoutcomesofthesurveycanbe
summarizedasfollows:

1)Temperatureandhumidityaretwoaspects
occupantswanttoimprovebeforeheating,while
thedrynessbecomesthe maincomplaintafter
heating,whichisdifferentfromliterature.
2)Extremities,includingfeetandhands,are

twoconcernsofoccupantswhowanttobewarm.
Thepriorityoffeetishigherthanthehand.
3)Frostbiteneedstobeaconcern when

makingaquestionaryaboutphysicaldiscomfort
duringwinter.
4)Dissatisfactionswithdevices􀆳operationand

otheraspects are moretrivialthrough social
listening.Occupantsconcernabouttheircomfort
allthetimeandeverywhereathome,fortheywant
tokeepwarmofalmostallthebodypartsinevery
roomandeverytimetheystayathome.

5)Occupantsprefertodescribetheirdevice􀆳s
servicetimeasmotion-activated.

Thedisadvantageisthattheanalysisand
integration methods offragmentedinformation
needtobeupgraded.Thisstudyonlydisplaysthe
basicsituationoftheobtainedinformationthrough
pieandbarcharts.What􀆳smore,thecorrelation
betweeneachitemisnotanalyzedin-depth,suchas

notanalyzingeachheatingmethodofwhetherit
makesadifferenceinhowpeoplefeelaboutindoor
temperatureandhumidity.

This research may contribute to the
questionarysurveyinresidentialbuildingsand
providereferencealternationswhenscholarsdesign
theirquestionnaries.
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