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 Abstract  

']'he
 purpose of  this study  was  to invcstigate the

 effects  of  a  t]eor heating and  uir  conditioning  system  on

thermal  responses  of  the eLderly.  Eight e]derly mcn  and  eight

 universjty  students  sat  for 90minutes in a  chair  under  the

fo11owing 3 conditions:  air cenditioning  system  {.iY}. fioor
heating system  (F) and  no  hcatjng system  (C). The air

temperature  of  sitting  head height tbr condition  A  wus  25CC,
and  the maximum  difference jn vcrtica]  air  tempcrature  was

40C. The air and  1]oor temperature  for condition  F wcrc  21 and
290C. respectii･ely.  The  air temperature  for condition  C  was

 [50C, There wcrc  no  sLgnilicant  differences {n rectal

teinperature and  mcan  skin  tempcrature  between conditien  A
and  E SystoLic blood pressure ofthc  c]derly  rnen  in condition
C sjgnificantly  incrcased compared  to those  in condition  A  and

E No  significant  ditt'crences in systo]ic  blood pressure bctween
condition  A  and  [' wcrc  tbund, /l'he perecntage ofsubjeets  who

feLt comfortable  undcr  condition  F was  hj.crher than that of

those under  conditjon  A  in both agc  groups, though  the

ditl'crcnces bets,een condition  F and  A  was  not  significant.

Relutionshjps betNveen thcrma]  comfort  and  peripheral {e.g.,
instcp. calC  hand) skin  remperature,  and  the re]ationship

between thcmnal  comfort  und  ]eg thermut  sensation  were

sjgnificant  lbr both age  groups. However, the back and  chest

skin  temperaturc  and  back therma[  sensation  lbr the e]derllrL ln
contrast  to that fer the young, was  not  significantly  related  to

thcrma] comfbrt,  These findings suggested  that thermal

responses  and  physiological strain  using  the  fioor heating
system  djd not  signifieant]y differ from t]iat using  the ajr
conditioning  system,  regardless  ef the subject  age  and  dcspite
rhe  fact that the air  tempcrature  with  thc fioor heating systcm

was  lowen An  increase in BP for elder[y  was  observed  under

the condition  in which  the air  temperature  was  ]50C,  and  jt
",as  suggestcd  that it was  necessary  for the c[derly  peep[e to
heat the room  somehow  in wintcr  Moreover. it is particular]y
important for e]dcrly  people [e ayoid  a decrease in peripheral
skin  temperature.  and  maintain  awarcness  of  the warmth  of

periphera] areas, such  as  rhe teg, in order  to ensure  thermal

corrifbrt,  J Ph.vh'ivt Anthropol ApLpi IIitman ,SZ'i 23rbj.' 20)--2i3,
2e04http:,i/www.jstagc.jst.go,jp/browse,'jpa

Ke}'words: floor hcating system,  air  conditioning  system,

clder]y  peopte, physiological responsc.  subjective  response

Introductiun

  In Japan, many  types of  heating systenis.  ineluding oil

heatcrs, air  condjtioning  systems,  clcetrjc  carpets, etc., are

used  in winter  te heat indoor rooms  and  keep the human bedy
sufT]cicntly  warm,  Enomoto  et  al. (1995} showed  that the
eldcrLy peeple use  several  types  of  hcating equiprnent,  and

26.6e/o' ofthe  suh.iects  use  air  conditioning  systems,  Ohbuchi ct

a[. (2001) surveyed  the rc]ationships  between the elderly

people's hca]th and  heating conditions  in indoor rooms  in
",inter,  und  reported  that about  ha]fofthe subjects  used  an air
condjtioning  system,  Although heating methods  used  in wintcr
vary.  depcnding on  the living area  and  M'csty]e, etc., the air

conditioning  systeni  is one  typc  of  heating cqujpinent  in
cominon  use,  It is rcported  that many  elderly peoplc felt their
skin  was  itch.v if thcy  used  the hcatjng equipment  that emits
"'aTm  air in "'inter  (Ohbushi et al, 200j). It was  found that dry
skin  was  related  to itchy skin  and  to cateh  a  co]d  (lgarashj ct a].

2000}. Therefbre. for cldcrly  peop]e who  tend  to stay  in the
house tbr a  long time, it js possible that an  inappropriute
thermal  cnvironment  causcd  by using  hcating systems  givcs
rise  to not  only  subjectjvc discomfort but also  physical
ailnients.

  Recently, fioor heating systcms  have becomc  popular in
Japanese houscs. Because a floer heating system,  in contrast  to

other  heating equipment  such  as  an  oil heater, air condjtioning
system,  etc,, dees not  preduce dirty air  or emit  air  at a  high
vctocity,  it could  be considered  a hcating method  thut a]lows
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the elderly to live comfortably  and  safely.  Much  research  en

floor heating has been curried  out from dillbrent points of

view,  The comfort  range  for floor surface  tcmperature  and  uir

temperature using  fioor heating systems  has bcen Lnvestigatcd

in many  previous studies  {Bougaki, 19g5; Emura  et  al., 1992:

Choi et al., 1996: Zhang  L et al,, 1998; Hori et al., 2eOO).

Although Enomoto  et  al. (1991. 1994) investigated the cfi'ccts

ofradiant  hcating systems  on  the elderly  pcople, the number  of

studies  is in this area  still limited. Floor hcating systems  are

recognized  as  providing a  high comfbrt  lcvel in compar]son

",ith  othcr  heating systems,  because the vertical  air

temperature  difference is small  and  occupunts  find it pleasant

to receivc  direct thernial radiation  from the heatcd fioor

CVvtitanabe, 2001), Howcver, there arc  fc-･ reports  that make  a

coinparison  of  heating methods  as  an  object  ofthe  study,  lsoda

et  al. (1996} conipared  the floor heating with  air  conditioning

systems,  and  indicated particular infiuenees of  each  heating

method.  However, the subjects  werc  noL  the eldcr]y  but the

young in the reports. It is certnin that the number  ef  peop[e

over  65 hus rapidly increased in Japan. It has been an  ubso]ute

necessity  to investigate eemfortable  and  safe  living spaces  for

eLclerly  pcople. Generally. various  physiological functiuns are

depressed because of  agc,  
'I'hereforc.

 it is important to

demonstrate the actua]  cfiicacy  of  fioor heating s>,stems  for

elderly  pcople,

  This study,  thercfore, was  conducted  to im,estigate the

therinal responses  of  the elderly and  )･oung men  to  the fleor

 heating and  an air conditioning  system.  Moreover, we

 examined  the age-related characteristics  of  these rcsponses  to

 suggest  appropriate  inethods  ofheating  t'or the eldcrly,

Table1Physjca]charaeteristicsofsub.iecls

Age*SHeight'*  v･
 (cm)Bod},

 -,cight

  tkg}

BMI

Elderly(J･1=S)Young(n=S)
69.5± 4,1

!. 1.9± ].7

t63.S!4.8171.7

±42

63.V±S.7

65J=7.S2].9

± 3.2

22.]+2J

Values  are tneans ± SD. 
"p.,.'O.e1

elderlyundyoungsvbjects.indicatcs

 siunificant  diffcrence between       L.

Fig. 1

660

2170

                        -
                            1330

The  plan ofthe  chambeis  and  the mcasurement  points Cmm).

Methods
Table2ThcrmHl  cendiLiuns  in The  expcrimcntal  cha]nb:rs

Subjects

  Eight healthy clderly  ma]e  und  eight  heulthy young  
male

volunteers  participated ln this study,  Their mean  age,  height,

body  weight, and  BrvlL are shown  jn Tlable 1. There -'erc  no

significant  difft]rences in body "･eight  and  BMI  betwecn the

elderly  and  young subiects,  The elderly  male  suhjccts had

never  sutT'ercd  from hypertensLon, heart disease, or  cerebral

apoplexy.  ete.  [t was  cenl}rrned  by the medical  cxuminatien

that they  were  in good heaLth. Each subject  gavc his written

informcd censent  to participate in this experiment.

,A,ir LemP.Floertciiip.Wall  terup,RH

Prc-rnomTcst
 roomAFc'

 25. .'C2L-25UU

 2]"C

 1 5, r･C

2tCC:o[c15"CIS,C15.UC1

 5. 
-U

4()[za40!/o400,..,409.{,

PrrJceditres

  The studv  ",as  cunducted  tl'om October to December  2002.

On  nrriN,a[ it thc luboratory's prc-room, the subjects  worc  shor{

pants, a  short-sleeved  T-shirt, u long-slecved s",eat  shirt.  and

trousers {O.9elo). After waiting  at least 30minutes in a  sitting

position in the pre-room where  the air  tcmperature  wus  25"C.

the subjccts  meved  to the test room.  Euch sub.iect  sat  fbr 90

minutes  in a  chair  jn the test rooni  under  thc fe]lowing 3

respcctive  conditions: air-conditioning  system  (A)/ a

heusehold air conditioning  system  was  used  in tliis

experiment:  floor hcuLing system  (I'): the floor surface  was

radiant]y  heatcd by hot water:  and  centrol  (C): there was  
no

heating systcm.  Figure 1 shows  tbe plan of  the chamber  and

the mcasuring  points of  air  temperature,  air veiocity  and

relativc humidity Thermal conditjons  ofthe  air. tloor and  wall

tempeTutures  and  relatiN,c  humidity are  shown  in Table 2. Thc

floor tcmperature  and  thc air Lemperature  of  sitting  head height

fhr cenditiDn  ,AL was  2i and  25"C. respcctive]y.  Namcly. the

niaximum  differencc in vertical  air  temperature  "'as  40C  under

conditien  A. Thc uir  and  fioor tempcrature  fbr condition  F

were  21 and  290C, respectively.  The  air tempcrature  for

condition  C  was  15UC. Figure 2 sho",s  the vertical  distribution

of  air  temperature  under  thc 3 conditions.  And  Table 3 sho",s

the air x,clocity.



 

Japan Society of Physiological Anthropology

NII-Electronic Library Service

JapanSociety  of  PhysiologicalAnthropology

Hashiguchi,Net  al.JPh.t'siot  Anthropoi Alv)I Httnian  Sei. 23.' 205

A4uasiti'eJnent,v

  Rectal tempcrature {Tre) and  skin  temperaturc  at  15 loca]

body leeations {fbrehead chest,  abdomcn.  back. ilium,
forearm. back ofhand  palm, buttocks, antcrior  thigh, posterior
thigh. shin,  calf;  instep, sole) "･ere  mcasurcd  with  therinistors
cver},  minute.  rL4ean skin  temperature  (Tsk) was  calcutated

usjng  t]ie Hardy-Dubois  formu]a (]937). BloDd pressure (BP)
was  obtained  at the left-upper arm  using  an  automatic

tonemcter  (HEM-737, OMRON,  JAPAN)  every  10minutes.

Heart rate  (HR) was  obtained  from tbc e]ectrecardLogram

using  chcst elcctrodes  {Dyna Scope DS-502, FUKUDA
DENSH[.  JAIVLN}. HR  was  computed  for three minures every
30minutes, Thcrma[ scnsation  (TS), thermaE  eomfort  {TC).
and  requested  ehangcs  in the air  temperature  (RC) were

ev･aluuted cvcry  10minutes, Regarding TS, g ]ocal body
loeations (face, abdotnen,  back. foreurm. hand  buttocks, ]eg,
and  sele)  and  whole  body ",ere  individua]ly eva]uated.  As
shown  in Tub]c 4. TS, TC  and  RC  werc  ratcd  on  9-point,
4-point and  5-pojnt sca]es,  respectively,

cm

 ceilinE      v

   210

   190

   170

   150E

 130su6
 110=

    90

    70

    50
    30

    10

    o
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Statis'ticalanatvyis

  Resu]ts ot' physio]ogical and  sub.iective data wcre  analyzcd

by repeated-mcasurcs  analysis of variance  (ANOV,AL) using

lv'isual Stat for "rindows Release 4.5J Software (Stat Seft,
lnc.). For the ANONLaL of  BR  the factors wcrc  age,  conditions

and  tirne. And  fbr the ether  data, thc factors were  age  and

conditiens.  A  multiple  compurison  was  performed using

Fisheris PLSD. The  relationship  bctwecn TC  and  skin

tempcrature was  ana]yzed  using  the Pcarson's correlation

coetlicient  test. The relationships  bctwccn TC  and  TS  were

anal>･zed  usjng  thc Spearman's correlation  coctlieicnt  by rank

test Djflerenccs at  p<O.OS  were  significant  for tt]1 statistical

analN'ses,   "

Rcsu]ts

Skin Tlempeiutuiw and  Rectat tenrp)eiututw

  l'igure 3 show's  the mean  values  of  [ocal skin  temperatures,
']'sk

 and  Trc. for the  last 10minuteti in thc test room.  Each
[ocal bocly lecation skin  temperature,  except  thc abdomen  and

i]ium, was  significuntly afTected  by the conditiens  e)<O.OO1).
Most  local skin  tcmpcratures and  Tsk for condition  C  were

signLficantly  low'cr than  those for conditiens  A  and  F. The large
diherenccs in skin  temperatures  betwccn conditjons  A  and  F
"･erc  obscrs'ed  in the arm  and  leg. Thc skin  temperatures  of

forearm. back of]iand  palm. and  anterior  thigh fbr conditjon  A
were  significant]y  higher than  those  for condition  E The skin

temperaturc  ofinstep  and  soLe  for conditlon  A  were  lower than
those for condition  E On the other  hand. the differences in
corporal  skjn tcmpcrature. e.g.,  chest,  back. butteck and  so  on,

between conditien  A  and  F were  sma]I.  and  thosc differences
",ere  not  significant.  Tsk for condition  A  and  F wcrc  33.1 and

32.4=C. respcctively;  the  difference in Tsk bctween condition

A  and  F was  vcry  sma]],  Moreover, Trc -,as  not  significantly

Table 3 The air vc  locity under  r, heatirig tiysLem  conditions

IIeiE,ht A F

          15 20 25 3oDc
                              

'l'emperaturc

Fig. 2 The  vertical  distributions ef  i]ir tcmpcrature  under  the 3 respectivc

   heating system  coTtditiens.

1labLe 4 The  suc]e  ofsubjectis'c  votes

tlOem70cm10cniO.27<O.08}

O.69(O.04}

O.2SO,06)o.o4

 w.orl)
O.]7(O.02)

025(iOV]

   co.oo{o.eo)

o.oo<o,oo')

O.O)' (O.02. }

Va lucs art  nieans  (SD). m･"sec

Thermul  sensution Thermalcomdbrt

9 verv  cold
Scold7
 conlesliRht]vcoot

   -t5neutraT4

 slightl},,  warm

3 "'arni2

 hot1
 vcry  heL

Requested changcs  in Lhe air teniperaturc

4terriblyuncomfbrLable

3uncomfbrtable
2･ slightl}, uncoinfortable

T comtbrtable

7, stronu]y  want  to be cooler

6 want  to be conler
S somewhat  wunt  to be coeler

4 no  neuessity  for changc
3 s' omewhat  want  to bc warmer

2 wunt  to hc wartner

1 strnns.ly  want  be warnlcr
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     g chest
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    s back

      ilium
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 sback ofhand

    S pu]m
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 buttock

 ganterior thigh

gpostcriorthigh

   E" shin

     g calf

    S ]nslep

    g S' sole

    S Tsk

   t Rectal

                              22  24  26 2B 30 32 3436 38 22 24 26 28 3D 32  34 36 380C

Fig. 3 Mean  values  ofskin  temperature  and  rcctal tempeTuturc  tbrthc last 1Omin  in thc  tcst room.Values  en  the ]et't are  fbr thc  cldcrl>,.

   the right tbr the youns,. 1"'alues are  means  for all S subjecLs.  
ip</O.a5

 indicatcs significant main  effect  {condition) with  .ALNOVA. 
'

   indicaLes a significant main  effect  (age] with  ANOii',dL.

aflected  by the conditions, Some  local skin  tempcraLures  and

Tre were  significantly affected  by age.  though  mest  locat:on

skin  temperatures  showed  no  significant  eflbets  fbr age:

overall. there was  no  deiinite correlation  of  body  temperature

with  age.

  Figure 4 shows  thc  rnean  va]ues  of  the difll:rences in

tcmperature  between Tsk and  peripheral skin  tcmperature

(back or  the hand and  instep) for the last tO minutes  in the tesl

room.  The temperutuTc  differences between Tsk and  hand4 and

Tsk and  Lnstep wcrc  significantly  affected  by the conditions

chand: F  C2.42}=222.1, p<O,OO1,  instep: F  {2,42)-100.4, p<'

O.OO1), Tlic tcmperature  difTbrence bctween 

'['sk
 and  hand tbr

condition  F was  larger than  that for condition  A, and  thc  vulues

of  the clderly  and  young werc  1.! and  2.80C on  avcrage.

respcctively.  On  the other  hand  regarding  the instep, the

tempcrature  difference for conditien  A  was  larger than  that for

conditien  F, and  the values  of  the e]derly  and  young were  3.4

and  4.4"C on  average,  rcspcctively,  ln contrast,  thc temperature

dill}]rence between Tsk and  instep for condition  1' were  less

than 3"C in both age  groups.

Btood Pressttre and  Heai't Rate

  Figurc 5 shows  the changcs  in systolic blood prcssure

{SBP). SBP  ",as  significantly  afT}cted  by the  intcraction

betwcen uge  and  time  {F (1O,42}=9.0, p<O,O1). SBP lbr the

elderly subjects  increased whilc  sitting  in the test room,  and

thc  increase was  signjficantly  larger than  the vu]ue  1'or the

young subjects. There was  alse  significant  interaction between

the condition  and  time  (i' {20,42)=2.3, p<:O.05), The largest

those  enp.i.o.05

increases in SBP  whiLe  sitting in the test reom  u,erc  observed

under  conditien  C. SBP  in the pre-room for thc  clderly  under

condition  C  was  113.1 mmHg  on  average,  und  this value  was

similar  te that fbr the young. But the difft]renees in SBP

between thc e]dcrly  and  the young expanded  with  time. The
inerease in SBP  during sitting  in the test room  was  29.8 mmHg

on  averagc  for the clderty.  whereas,  in contrast. thc value  for

the  young during this period was  3,5. mmHg  on  average.  There

was  no  signil]cant  difference in SBP  betwccn conditions  A  and

Fz the similar  changes  were  indicated jn thc two  groups,

  No  significant  effects of the  condition  and  age  were  shown

in the ehanges  in HR.

Sutv'ectil'e )'esponses

  Figure 6 shows  TS  ut body  locations and  whoLe  bedy after
the subjects  sat  for 90 minutes.  TS  for all body locutions and

the sN'hole  body wcre  significantly affected  by the conditions.

Tg  i'aLucs  tbr the teg and  for the sole undcr  condition  l" s-'ere

significantly  warmer  than  those fot' eondition  A  (so]e p<.O.OO 1.

Ieg p<O.Ol). 
'I'here

 iN'as no  distinct difi'erence Ln TS  between

the elderly and  young subjects.

  TC  and  RC  after  thc subjectti  sat  for 90minutcs  were

significantly  afTbctcd  under  the cDnditions  (TC p<O.e5,
RCp<O.05).  Thcrc were  no  signifieant differenccs in TC  and

RC  between conditien  A  and  condition  F, Though  thcrc was  no

significant  diffcrcncc between condition  A  and  FL thc number

of  subjects whe  i'elt comfortabLe  and  tnade  no  Tcquests  for the

change  in thc uir  temperature  for condition  F was  Larger than

that for condition  A, No  significant  diffbrcncc in TC  and  RCr
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  1

A  Ns  C' p<O,  C)Ol

lnstep

Conditionp<e.OOI
  MA  ee I; -C

, FvsCp<O,OOI

Conditionp<O,OUI

            Ais  c p<o.ecH. F v$  c p<aool

Fig. 4 )"tcan vatues  et' ditTerences beLween meun  skin  temperuturc  and

   back ot' hand 1'upper} &  instep :luvver) temperuturcs  for last 1OdTiin in

   Ltte Lest reum.  L'alues are  meuns ± Sl) for 8 subjccts.  A  significant

   muin  efTect  (condition) was  shown  t'or beth the  back ef' the hand atid
   thc instcp with  ,ALNOIildL. Significant ditl'eretlces beLvveen C  and  A  &  F

   tp<O.OO1)  u,cre shown  tbr both thc back ut' Lhe hand and  the instep.

was  seen  bet-'een the young and  elderly  subjects.

  Figure 7 shows  the relationship  ofTC  and  skin  temperature

{back and  instep), and  Irigure S shows  thc relationship  of  TC

and  TS  <back and  leg) afier the subjccts  sat for 90minutcs. In
the  young subjects,  the relatienship  bctween TC  und  skin

temperature  at both back and  instcp wcre  sLgnificant  (back r=
-O.65

 p<O.eO],  instep r=-O.61  p<e.eOl). Likc",isc. thc

other  local body (i,e., face. chest, hand and  culb  skin

temperatures  were  significant]y connceted  with  TC. Namc]y,

both peripheraL and  corporal  skin  temperature  shuwcd  the grcat
infiuences on  TC  in the young  subjects.  On  the other  hand  for

the elderly  sub.iects,  a significant  re[ationship  between TC  and

instep skin  temperature  was  shown  (r=-O.75 p<O.OOIL  but

there was  no  signMcant  re]ationship  betwcen TC  and  back skin

temperature,  The other  peripheral (i,c., hand and  calD  skin

temperati]res had a significant  relatienship  to TC  in the e]dcrly

sub.jects  (hand r=O,64  p<O.OOI,  calfr=-O,60  p<O.Ol), but
the chest skin temperature did not.  Namcly, thcrc wus  no

correlation ofcorporal  skin  ternperaturc with  TC  in the cldcrly

subjects.  The  relationship  between 

'I'C
 and  TS  showed  u

  ivm[lg150

   

140

130

12D

110

     g
     
 1OO
     -20 -10 10 20 30 40 50 60 70 80 90min

Fiu. S Systelic bln"d prcssure undcr  the six  conditions.  Va]ues are

   mettns  for S sub.ieets.  SiLunificant intcractions (ageXtirne, condition

   × time)  were  shou,n  with  ANOVA.

.#

   t'aceaodome]1

   hack

 tbrcarm

'""tl#

 hnndbuttock

  le[

  soleWhole

 bodv

-O-  A-ca-
 I,.t

 U

. Etderty       b

.O-A-F---

 c

Young

Fig.

                          1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 B 9
                          - -  - -
                         verv  very  N,ery  vel'},
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those  on  the right  fbr the yoLLns,. 

Iv'u[ues
 ure  mettnsiSt)  for cach  of  thc  8 subjccts. Significant main  etT'ects (cenditien) were  shovirn  at all

Tocations and  i'urthc ,vhole  bc]dy with  ANOItA  
'l)-:-'.e,t)5

 indicatcs a significant ditt'erence bctw'een A  and  C. 
''p<O.05

 indicates a  significant                  .
dift'erence beLwcen F and  C. v.-'tO.05 indicutes u  significant  di ffbrcnce betwccn A  and  F.
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RelaLienships between thcrmul cornfort  and  therrnaT sensation  (buck urtd leg1.

tendency  simjlar  to that between TC  and  skin  temperature.

Specifical]y. for thc },oung subjects. TC  was  significantly

atlbcted by both ]eg and  back 
'1'S

 {leg rs=O.70  p<O,e1, back

rs=O,70  p<O.O1).  For the elderly  subjects. thc leg. or'1'S  "'as

significantly  cenncctcd  to TC  {rs=O,79 p<O.OO1), whereas  the

back of  TS  was  not,

Discussion

  Many researchers have carricd  out  studies  on  fioor hcating

svstems  and  determined thc thcrmaL  cornfort  zonc  of  air  and

tioor temperatures  (BouE,aki, 19S5; Emura  et a].. 1992: Choi
ct  aL,, 1996: Zhang  t. et al.. 1998; Hori et al.. 1997: Huri et  a].,

20eO}, According to prcvious studies,  the  comfort  ranges  for

floor and  air temperatures  ditlbred slightly  dcpending on  the

experimental  condition.  Hori et  al, (1997} studied  the efTlects  of

fioor heating systcms  under  the condition  in which  the young

sub.iects  wcrc  sitting  in the chair  and  wearing  standard  winter

clothcs  (1.0clo>. Their findjngs shuwed  that the optimum

tempcrttture for the fioor surf'ace  was  within  25 320C. und  that

fbr the air  was  within  23- 250C. There have also  been severa[

studics  en  the thermal  effk]ct ef  posture on  the  human  body

sLtuatcd  on  a heated floor (Kim B  et a],. 1990: Narumi  et al.,

]996: Kurazumi  et al., 1999). The Japanese typicall>, spend  the

ti[ne in their living rooms  in different posturcs (e.g., sitting  in a

chair, sitting  or  lying directly on  thc floer}, 

'I'hese
 studics

garnered valuable  results  showing  that the effects  of  floor

hcating systems  on  the human body wcrc  ditferent depending

on  the pesture, L"ew reports,  howevcr. compared  the

physiological and  psychologicaL responses  to various  heating
methods.  So the investigation into the efTects  ot' fioor heating

s},stcm  en  the elderly  people is as yet in sutficient,  Therefore.

thc aim  ol'the  study  was  to investigate thc  thermal  responses  of

the elderLy  and  young  men  when  using  floor heating and  air

conditioning  systems,  respectively.

  Significant differences in skin  temperature  at some  body

[ocations betwecn condLtions  A  and  ]' were  verified  theugb  ne

distinct difftircnccs wcre  ebserved  in Tsk and  Tre (Fig. 3), and

no  significant  ditt'ercnces between conditions  A  and  F were

indicatcd in BP  and  HR  (Fig, 4}, These findings. suggest  that

the  thcrma]  rcsponse  and  physiological strain  under  the

condition  ot' a lleor heating system  did nor  signiticunt[y  dLffer
from those under  the condition  of  an  air  conditiDning  system.

ultheugh  the air  teniperature of  condition  F was  lower than that

ofcondition  A  by 40C.

  There were  a]so  ne  signMcant  difTerences bctween

conditions  A  and  F in therrnal comfbrt  and  requcsts  fur the

change  in air tcinperuture  ut'ter the subjects  snt  for 90minutes,
However, thc number  of  sub.iects who  felt comfortuble  and

made  no  rcqucsts  I'ur the changes  in ajr  tcmperuture  in

condition  F was  larger than  that of  those  in conditien  A. 
'l'hese

subjcctive  resu]ts  suggested  that  a  floor heating. system  was

prel'erred over  an  air  conditionLng  system,  even  if air

temperature for the floor heating s>･stem  was  lower. It is
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 confirmed  by a previous study  that mean  skin  tcmpcrature

 ranges  from 33 to 34"C  whcn  people feet nejther  hot ner  cold

 (Osada. 1978). In this  cxpcriment.  the  mean  skin  temperatures

 of  the elderly  and  young subjeets,  respeetLvely. in condition  A

 were  slight[y over  33CC, and  therefore  in thc range  of

temperature indicuted. It is generally considercd  that people
cannot  feet neutral  whcn  their peripheral skin  tempcrature  is
very  high or  low. even  ii' Tsk fa11s within  the range  in which

people typically feel neutra].  [t was  also  a requirement  when

people feel nejther  hot nor  ce]d  that the difTl renecs  bctween
perjpheral skin temperatures  and  Tsk are  ",ithin+  l.S･----3.00C

(Osada, ]97g}, .nLs shown  in Fig. 4, the difTerence bet-,ecn

peripheral (instep and  hand) and  Tsk were  ]ess than 3"C in
conditjon  F. 1'he djlTerenccs {n temperature  betwecn Tsk and

lnstep in condition  A  wcre  ]arger than  that for cendition  E and

the values  were  evcr  30C. Therefore, it was  found that these
large differences in skin  tcmperatures  among  body  locarions
eaused  therma[  discomfort under  condition  A, Thcrnial
sensations  at the leg as  wcl]  as  the sole  fbr condition  F wcrc

significant]y  warmer  than  thutic tbr condition  A (Fig. 7). Thc
uir  tcmpcrature  for condltion  F wus  ]ower than  that for
condition  A  by 4eC, IIo"'ever, thc srnall  difTerence in skin

tcmperature  ameng  the body lucations and  the overall warmth

of entire leg apparently  duc to therma]  radiation  froni the

heated floor mlght  have contributed  to makc  subieets

comfortable  in condition  E

  NNle measured  various  items during the experirnent,  and  only

the changes  in BP  were  significant]y  afTected  by the ditTcrcnce
in age  ij)<O.Ol), In particu]ar. under  condition  C where  the uir

tcmpcTature  was  15CC, a rernarkablc  increase in BP  was  found
ibr thc c[dcr]y  whereas  BP  in the young did not  ehange,

Similar changes  in BP  due to culd  cxposure  were  shown  in
prcvious studies.  Collins et al. {19g5) studied  the b]eed
prcssure of  the young and  c]derly  subjects  vvearing

nightc]othes,  and  fbund that an air  temperature  of  15']C was

thc minimum  leN'et at whLch  thc cLdcrly  should  tive safely in
their houscs. It is known that an  increasa jn BP due to cold
exposurc  was  caused  by cutaneous  vasoconstriction  and  an

increase in stroke  volume  {Mjwa  et al., 1999), Therefbre, the
etderly  receivc  morc  physicaL strajn  than  thc young in an

unheated  room  condition.  The Thermal  eenditien  tbr condition
C  in this study  is not  a rare  case  in Japanesc houses, according
to previous surveys  (Sato et  at., 1996; lgarashi et  al., 2000).
The air temperaturc  might  be 15"C or  ]Dwer in wjnter

dependhig on  the living arca.  These results  l'or BP  also

suggested  that it is necessary  tbr elderl},  peopte, even  thosc

whe  do not  suffer  from hypertension, to heat any  room  being
uscd  in winter,  so that they  can  tipend  time  in it without  putting
struin on  the heart, HoweN'er, no  physio]ogical marker,  except

BR  was  signiticantly  afTected  by the difi'erencc in age.  Some

pecuLiar thermorcgularory  functions in e]dcrly  people in
response  to ce]d  cxposure  have been verificd  in previous
studies  (Wagner et u].. 1974; Tochihara et aL., 1993). For
exampte,  it is knuwn  that the capacity  for eutaneous

vasodiLation  in the extrcmitics  to prevent heat luss during cold

 exposure  decays in old  age.  Furthermore, the heat losses due to

 the increase of  cutaneous  blood flow in the e]derlN,  occurrcd

 later than those in thc young. However, in this e"xperiment,

 under  condition  C us  we]]  as  A  and  E there was  no  dcfinite

 correlation ofbedy  tempeizture  with  the differencc in agc.

  Attany studies  havc been conducted  on  the efl'cct of  age  on

 the range  or  tempcrature at which  peopte fee] comfbrtab]c.

 Fanger (1970) and  Rehc]s (1972} showed  that there was  no

obvieus  difTlrence in the ¢ omfort  range  of temperuturc
between the elder]y  and  young peopLe. 

'Ibchihura
 (1993)

indicated that elderly peoplc  did not  feel as  cold  as  yeung
people immediately after cold  exposure.  and  that their

sensitivities to cold  decays compared  to that of thc yeung.
Furthermore, it was  shown  that the sensLtivjty of  the changc  to

air  ternperature  declines with  age (Co]lings, 1981). Jn this

study,  we  found that age  has no  great infiucncc on  the

sub.iective responscs  to any  heating system  cenditions.

HoweN,er.  as  shown  in Figs. 7 and  8. sorne  Lnleresting rcsu]ts

were  obtained.  Namely, thc rc]ationships  between TC  and  skin

tcniperature, and  that betwecn TC  and  TS, were  djfTlirent for
thc c[der]y  sub.iects and  young subjccts.  Specifica]ly. for the
>,oung sub.jects,  the thermal  comfoit  was  directly refiected  in
skjn  temperatures  and  thcrmal  sensatjons  at most  body
locations, inctuding thc corporal  body, On  the othcr  hund  tbr
the elderly subjccts, significant  relationships  wcrc  indicated
between 

'1'C
 and  periphcra] (j.e. instep, calC  and  hund} skin

temperature.  and  the rclationshjp  between TC  and  leg therma]
sensation  was  also significant.  However, in the group of  thc

e[derly  sub.iects,  back and  chcst  skin  temperature  and  bttck
thermal  sensation  had no  significant  relation  to TC, Namely,

t'or the elderly,  corporal  body skin  ternperature and  thermal

scnsations  are  not  related  to thermal  comfort.  It was  confirmed

that ensuring  the warmth  of  pcripheral parts rather  than  that of

the corporal  body was  impertant to obtain  therma[  comfort  for
elder[ysub.iects.

  The ajr and  fioor tempcrutures  for condition  A  vverc

detcnnined by simulating  a condominium:  t]iereft]re. the floor
tempcrature  was  not especialLy  low jn this study,  

'1'hese

expcrimenta]  conditions  might  produce findjngs that the

thermal  rcsponses  fbr condition  F did not  differ greatly from
those for cendition  A. HoweL'en the verticu]  air  temperature

diffbrencc in a room  where  an  air conditioning  system  is
running  in a  dctached house is actually  ]argcr than  4"C (the
cDndition  in this study)  (Hasegawa et al,. 1985; Igaras]ij et  al..

2000). Thus, a thcrma]  cnvironment  in whjch  the fioor and

Iower space  ajr  temperaturcs  are  very  low might  causc  a  grcat
dccrease in the temperaturc  of  thc oceupant's  leg skin,  This
study  did not  show  that lbr eldcrty  people. the floor heating
system  is a heating method  cvidcnt]y  superior  to an  air

conditioning  system.  though  we  djd flnd that the decrease in

perjpheral skjn  temperature  and  awareness  of  the  coldness  of

the leg dircct]y rcflected  thermal  comfort  tbr thc e]derly,  This

finding might  bc onc  piece of  evidence  that a  floor heating
system  js a  relative]y  more  suitable  heating method  tbr the
elderly  in terms  efobtaining  eMcient  thertna] cumtbrt,  bccause
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the fioor heating systcm  can  producc stabte  warmth  of  the leg

with  reLative  ease.

  tn conclusion.  therma]  response  and  physiological strain

under  the condition  of  the fioor hcating system  did not

significantly  diffbr from that  under  the condition  ot' the air

conditioning  system,  regard]ess  of  the subject  age  and  despite

the fact that the air  temperature  using  the fioor ]ieating system

was  lower than that using  the air conditioning  system,  An

increase in BP  for the eLderly  subjccts  was  observcd  under  the

eondition  in which  the air tempcruture  was  150C. This finding

suggested  that it was  necessary  for elderly pcople to heat

indoor rooins  by some  heating systcm  in winter.  Morcover, it is

particularly important for elderly peop]e to ayoid  a dccrease m

peripheral skin  temperature.  and  maintain  an  awarencss  of  the

warrnth  of  periphcrat areas.  such  as  the Legs, in order  to ensure

thermal  comfbrt.
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