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subjects were six Japanese men and six-Jaranese women whose ages ranged from ]9 to 22
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äuUiect was paid $90 for participating'
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Apparatus and Equipmelt
@einac]jmate-contro]ledroom.Thisroommeasures?.7mby3.6m;it
has a 2.4 m ceiling. The f'loor is covered with carpet.

Three heaters were used and were designated Heater I'lo. l, Heater No. 2, and Heater No. 3;
these are described in Tab]e 2.

wa]'l .

space.

During the test, the heater was centered on the south wal'l and placed 0.'l m from the
The-area in the chamber adjacent to the room was used for the pre-exposure condition'ing

Each subject, male and fema'le a'like, was provided with a two-piece cotton-polyester
jacket, a'ìonÚ-s'leeved undershirt,'long underpants, a crew-neck sweater, trousers, shoes, and
iocks. When ñorn over underwear, the õlo of the ensemble was 0.87. (This value was

determined in tests wjth an e'lectrica'lìy heated copper manikìn.) A medium-weight iacket,
g'loves, heavy rain shoes and cap were provided for the subiect whi'le in the pre-cond'itioning
area.

Five subjectjve measures were used. The first was used for measuring the thermal
sensation and thermal comfort; it is shown in Fìgure 1. The remain'ing four were used to
measure the comfort of the subject's head, hands, chest, and back, and these are presented in
Fìgure 2. For these tests, the ba'l'lots were printed in Japanese.

Procedure
. Tñe subjects were recruited from several 'loca'l universities. l,lhen the subiect reported

for the test, h'is/her oraì temperature was taken. If the temperature was 37.0'C'1 0.5oC the
subject was instructed to change'into the indoor clothes prov'ided. He/she was then read an

orientation statement describing the purpose of the tests, the balìotìng procedures, and the
general experìmental protoco'|.

Thirty minutes after the reading of this statement, the subject put on the cap, gloves,
and sweater and entered the pre-conditioning area of the environmenta'l chamber. The

temperature in this area was 5oC.

After 30 minutes in this area, the subject entered the c'l'imate-contro'lled room, took off
his cap, gloves, and sweater and sat .l.5 

m in front of the heater. At this time the tempera-
ture of tñe location where he was sitting was lOoC. Heimmed'iateìy voted on a'l'l five ba'llots.
Three minutes'later, upon instruction of the experimenter, the subject voted again. This
procedure was repeated every three minutes until the last voting at the end of 60 minutes.
Ùpon completing the'last ¡allot, the subject was removed from the env'ironmental room, changed
his clothes, añd was dism'issed. This procedure was repeated for the next two days using a

different heater each day, The temperature in the area of the subiect was allowed to drift
upward to approximateìy 22oC. The temperature profiles for th'is condition for the three
heaters are presented in F'igure 3.

RESULTS

The responses to the four bal'lots for measuring the comfort of the head, hands, chest, and
back were scored according to the key ìn Figure 4' Follow'ing this, thg responses to these and
the therma'l sensation (TS/TC) ba'lìot-were tieated separate'ly. The analysis and interpretation
of the resu'lts w'il'l be discussed separate'ly as follows:

The Thermal Sen
'l Comfort Ba'l I ot

-one separa ana yses o var ance, one each voting period, were conducted. The
of freedom, "Gender" with one degree of"Heater" with 2 degrees

freedom, and the Heater-by-Gender ("HxG") interaction with two degrees of freedom. The

statistica'l s'ignificance òf the F-ratios resu'lting from these analyses is presented in Table
3. As demonstiated in th'is table, at the beginning of the exposure, tjme--O and 3 minutes--
there tvas no difference in the comfort experienced-from the three heaters. However, after sìx
minutes and on all of the votes unti'l 30 minutes, the heaters were responsib'le for d'ifferent
comfort votes. In order to determine which of the heaters produced the greatest feel'ing of
comfont, Tukey tests were made for each of the vot'ing periods that had an F-ratio statis-
ticalìy signilìcant at p..05. These tests are surûnarized in Tab'le 4. They show that for
a'll of the votes, Heater 2 provided the greatest amount of comfort. In addition, these tests
show that Heater I was consìstent'ly the þoorest of the three heaters ìn its comfort-producing
qua'l i ti es .

ma in sources of variance were
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f in Produc'ing comfort '

such as these.

era'll comfort.

As was the case in the prevìous analysis,. the means of those votes whose F-ratios were

significant *.r"-iru¡eätãà-tb rrr.v-tËrii"io-å.ià"mine the sign'ificance of the differences'
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These are presented in Table 8. The-pattern for almost at'l of the tests is simi'lar. HeaterNo.2 prov'ides the greatest amount of'hand comfort and Heater ruõl-t-fioauces the'least.
Referring back to Table 7, none of the F-rat'ios for gender or the heater-by-genderinteract'ion was statistical ly s.ign.ificant at p . .óã.

ed in Figure 7. This graphs shows the
producing hand comfort in the early stages ofo. 2 is much superior to both Heatei No.-l and

ree heaters. And whereas the air ve'loc.ities of
veìocity of Heater No. 3 was a'lmost twice the

T-tests were conducted to determine the sjgn.ificance of the differences between these
d in Tabìe 9. These findings demonstrate thatificantly be]ow that of Heãter No. 2 (p . .Oã),
e'loci ty of Heater No. 3 (p < .0.| ) , and, ofr No. Z was sign.ificanily ìess (þ < .Oì) t¡¡an

DISCUSS I ON

The human response to the therma'l envjronment depends upon seven factors: (l) dry-buìb or air
l:ï:I:lyl:' l?l the water yapgr pressure or retåtive t¡i¡mi¿iiv, f ¡)-iñå mean radianttemperature, (4) the.air velocity, (5).the phys'icaì activìty ói ttré ñrrun oc.upãni, (6) thec'lothing the occupant is wearing,-a;¿'(zi thà"temporãt natuie or [ñe ãiposure.

Whi'le most of these variables have been the-subject of extensive research, the temporaldimension has received on'ly limited attentiòn. -ni-l¡¡e 
gy!:çt, lfreq types of temporal aspectsof the_exposure dimension have been ident'ifiÀd fnõniäi i9óii:'iüä-ii.Ët ot these is relatedto cyclical f]uctuatlons. These are associated'with thermostat to'lerances and the size andeffffig(stormwinãówi,ìñiùl;¿i;';i;iiii.itiõ').-'.R.,"u,.hinthe

cycl'ical factor has been reported by Rohles et a.l . il égO j. - - -'-" ' '

The second type of temporal exposure involves dUgfglq changes in the thermal environ-ment, such as those experienced when going. fronr the-reSliden-rrcffitr''. äutornobile and then tothe supermarket and returning (Rohles-and'lllelii iö72). Exposures of thìs type are morerepresentative of everyday living.

IaTps or Çrifts gld is usua'l1y exempìified byof temperature drifts on comfort have been
e recently_þy fohìes et al. (l9gS). Moreover,t Roh'les ('1979) described in'his iesearch on
obi'le study involved a transient coo'ling
ed a warrning temperature transient.

In-addition, the procedures used in the present study were patterned after those in theautomobile research' which were desisned,to làentiiv ir'e äuði rtlã,-làäàiion,-.ir vãioðïtv,and air temperature combination that-produced..onäitjon of cómiõit'iñ-the shortest period oftime.

^ Tf".goal of the present study was to Í.dentify the spot heater that produced therma'lcomfort in the shortest period oftime, and thã rËsriùr ôt tne prerèni study definitely pointto the superiority of Heàter No. 2.

The bal'lots for measurinq the comfort of the head, hands, trunk, and back was alsosuggested by Rohles.('1995). ihese, trowever, *ilñ tñã-"xception of the vote for the comfort ofthe hands did not discriminate between ttre ñeàters-äi wel'l as the Ts/fc ba'l'lot. NevertheJess,this study represents the first time it has been rrðã to. this purpóie.
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Another findinq shou'ld be addressed. This is the similarity.of the responses by.the.maìe

and fema'le subjects] 
-Ïñ-rãnv-oi:ir¡.-ðõrtort 

studÍes differences- in the responses of the two

Iäi"r-ñave beeñ o¡servãä. i-nterest'ingly this difference was not observed in the present

studY.

As,was true in the automobile air conditi

the others.

he heater manufacturer with empiricaì evidence
ells the prospective buyer vrhich heater wi'l'l
of time. The resu'lts of this study do not

ifli.iiå¿, IlE';.iiìl,o8r'ilå':ifii ll.'fT..i,.
and definitive.
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EDGMENTS

TABLE 'I

Order of Exposure to the Three Heaters by Subject

ec s

Ma'le--T- 2
3
2
3
'l

1

3
2
3
1

I
2

'l

I
2
2
3
3

2
3
l
3
2
1

2
3
4
5
6

'l

1

3
2
2
3

3
2
1

l
3
2
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TABLE 2
Specifications of the Heaters

Heater No. I Heater No. 2 Heater No. 3
A

B

Type of Heater
Rad'iation
Convecti on
Ai r veìoci ty

Control System:
9as qt¡¿¡¡i ¿t
i n rryatts

Off + 4 steps
l. 2600
2. i 760
3. 128()
4. 930

Off '+ 4 steps
1. 2600
2. 't960

3. I 570
4. 1220

no

(m/s )*

yes
yes

(0.31)

no
yes

(0. 68 )

yes
yes

(0.38

2s
't.
2.

teps
2600
I 060

C. Size
height (mm)

width (mm)

length (mm)
weight (ks)

Flame Visible

575
420
t90

'15

460
470
170'll.s

500
590
207

'16

D n0 yes

TÍme (min) Heater (H) Gender (G)
ns
ns
02
01
0t
0'l
01
01

01
0l
02
ns
04*
ns
NS

ns
02
02
ns
'ns
'ns

ffingtests

TABLE 3
Analyses of variance of the Thermal sensation/Therma'l comfort votes:

S'ign'ifìcance of the F-Ratios

Source of Variance

Vote--T-
2
3
4
5
6
7
I
9

't0

il
1?

HxG

'13

14
l5
'16

17

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
04
NS
'ns
ns
05
ns
ns
ns
ns
ns
ns

ns
NS

ns
ns
ns
NS

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

0
3
6
9

12
l5
'18

21
24
27
30
33
36
39
42
45
48
51
54
57
60

'18

l9
20
21

ns"- F-rat'io not stati.stica]ly significant at p < .05; .see separate
tables for'Tukey tests of significance between the means',whose
associated F-ratios are signìficant at p < .0S.

'* - -Tukey test not significant.
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-TABLE 4
-Tukey Test Resu'lts on the Re1'iabliitV of the Differences between the

Mean Thermal sensãïiãnifhã"mul Comiort Votes Ì'lhose F-Rat'ios were

S'ignificantatP<'05

'Time

6

Heater Means Group*

94

5

6

12

15

l8

21

4

10

't1

1'7

18 5'ì

*Means in groups with same letters do not differ from one another at p < '05'

2

3

1

2

3
'l

2
3
't

2

3
'l

2
3
1

2
3
l

2
3
1

2
3
1

2
3
l

2
3
1

'l

6
I

4.0
3.3
2.4

3
7

8

5.0
.4. 0
3.0

3
2
l

4.
3.
2.

5
4
3

I
8
5

B

9
I

4.6
4.'l
3.8

A
A
B

A
AB

B

A
AB

B

A
A
B

A
AB

B

A

B

c

A

A
B

A
A
B

A
AB

B

A
AB

B

B

B

7

B

5.4
4.3
3.4

4
3
3

2
3
1

24

27

30

48

9
5

3

5.3
5.0
3.8

A
A

5.2
4.7
3.8

7
9
I
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TABLE .5
Mean voting Time"That the First 4 vote (cool/comfort) Occurred

Heater
No. N Mean SD

t-ratio between neans
2

3.28**

3

t-ratio between means
2

15.6
5.6
7.'l

24.5
8.8

'13. u

'l

2
3

0l
05

**p.
'*p.

2.33*
I .61

-TABLE 
6

Mean voting Times That the First 5 votes (comfort) was Recorded

12
12
12

Heater
No. N Mean SD

'l

2
3

12
12
12

46.8
21.3
29.6

'18.5
.l9.0

20.1

2. 
.l8*

I .04
? ??**

TABLE 7
Analyses of Variance of the Hand-Comfort Votes:

Significant of the F-Ratios

Source of Variance
Time (min) Heater (H) Gender (G) HxG

0
3
6
9

12
'15

ìB
21
24
27
30
33
36

42
45
48
5l
54
57
60

*p 05

Vote

'l

2
3
4
5
6
7
I
9

l0
r1
12

ns
ns
0l
02
0l
0l
0l
0l
02
ns
ns
ns
01
0ì
02
02
02
03*
ns
ns
ns

39

ns
ns
ns
ns
ns
ns
ns
ns
ns
hs
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns
ns
ns
ns
ns
ns
ns
ns
NS

ns
ns
ns
ns
ns
ns
ns
ns
ns
NS

ns
NS

l3
l4
l5
l6
17
't8
'19

20
21

ns - F-ratjo not statistically significant.at p < .05; see separate tabtes for Tukey tests ofsignificance between the meani whõse associateä r-rãiioñs-u.ã'iìgñiti.ãnt ut p. .05.
* - Tukey test not significant
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TABLE 8

Tukey Test Resu]ts on the Reliabil'ity of the !itr919n9e between the Mean'- - 
Hand-Comfort Votes l,lhose F-ratios were S'ignif icant at p < -05

Hands

Vote

3

Ti me Heater Means Group*

2
3
'l

6 7.3
5.3
4.2

A
AB

B

A
AB

B

8.5
6.3
4.7

94 2
3
'l

A
AB

B

9.8
7.3
5.4

2
3
'l

125

0
I
5

A
AB

B

7

0
4

?
3
'l

156

A
A

7
10.6
8.8
5.4

2
3

1

18

B

A
A

9.9
9.6
6.7

2
3
'l

218

B

A
A

'10. 2
10.0
7.6

249

B

?
3
1

B

B

A
A

10.9
9.6
8.'l

2
3
'l

13 .36

2
3
1

'n.2
8.9
8..4

A'14 39
B

B

A10.8
8.4
8.3

2
3
1

15 42
B

B

A
AB

B

2
3
l

10.6
9.1
8.4

l6 45

17 48

*Means in groups with same letters do not differ from onè another at

A
AB

B

ll.0
9.3
8.7

2
3
ì

p 05
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Mean Air Velocities
Test Period and

TABLE 9
(m/s) for the Three Heaters 0ver the Entire
Accompany'ing t-Tests between the Means

Heater No.
Vel oc'i ty (m/s )@

21
21
21

tios between means

2.69*

l5

l
2
a

0
0
0

3'l
38
68

0.
0.
0.

10
06

9.25**
t:lt**

-*P . - oz.**p . .ol.
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Figure 1 - The rna f s ens ati on / the rna )'

comfort baflot
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Figure 2- Bal-¿ots formeasuríng the confort of the head' hands'

trunk, ancl back
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