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PLAMTS AS ENHANCERS OF THE INDOOR ENVIRONMENT

1 2
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ABSTRACT

Flowering and foliage plants were examined as a possible "non-thermal"
factor influencing perception of the thermal environment. Four objective
instruments were used to assess thermal response: (1) a category adjective
rating scale measured thermal sensation, (2) a 7 adjective-pair semantic
differential scale measured thermal comfort, (3) a 1 item questionnaire
measured temperature preference, and (4) a 47 adjective-pair semantic differ-
ential scale was used for subsequent factor analysis. A1l tests were con-
ducted in an environmental chamber modified with or without living plants,
Within the environmental chamber, lighting, temperature, relative humidity,
and clothing were controlled for 64 colleqge students between the ages of 18
and 22,

No significant (p < .05) plant effects were found in college student's
perception of thermal comfort, thermal sensation, or temperature preference
in the controlled environment. Using a statistical scaling technique, the
affective characteristics of the indoor environment and its features were
evaluated, Subjects indicated that plants caused a significantly positive
effect (p < .02) on percéption of Occupied Space Quality (0.S5.Q.). Further,
males perceived the indoor environment as significantly (p < .04) more spacious

than females,



Introduction:

Anecdotal evidence exists to suggest that plants have a positive influ-
ence on the human affective state (Horsbrough, 1972; Lewis, 1972; Menninger,
1972; R. Kaplan, 1978). The development of scaling techniques within the
field of environmental psychology has lead to a procedure that permits the
evaluation of the affective characteristics of an environment and the vari-
ous features itrcontains (Rohles and Milliken, 1981). This procedure allows
for quantitative substantiation of the positive effects of plants on both
human feelings and environmental quality.

Research has also defined the factors that affect one's response to the
thermal envirorment. Recent research (Rohles and Wells, 1977; Raohles, et al,
1980) has identified what has been called "non-thermal" factors which may
also affect individual response to the thermal environment. In this study
plants were examined as both a possible "non-thermal" factor affecting one's
perception of the thermal environment and as an influence on the perception
of environmental quality and affectivity.

It should be noted that both foliage and flowering plants were used in
the study, representing two types of plants commonly used in the indoor

environment.

Literature Review:

Conklin (1972) described a concept of office arrangement, initiated in
West Germany known as "office landscaping" in which "each building floor is
made up of office furniture, a few screens and many live plants and trees--
all judiciously placed with the complete absence of partitions.” Research

on employee attitudes in planted versus traditional (unplanted) offices



determined that "a great majority of the employees in the planted offices
stated that they felt more content, but in many instances could not explain
why." Conklin further explained, “the response to scientific studies in the
American offices seem to parallel those of Europe - morale was improved and
absenteeism was reduced."

Mehrabian (1976) has viewed potted plants and flowers as contributing
to the pleasure dimension, complexity, and novelty of a room. Rachel Kaplan
(1978) has noted the importance of having nature “nearby"; she contends that
the primary relationship is one of "appreciation" rather than "use." Stephen
Kaplan (1978) in examining possible relationships between human needs or
motives and the patterns of stimulation provided by the environment noted
plants as having a “special claim” on human attention. This area of fascina-
tion has been reflected in gardens, (Lewis, 1977; R. Kaplan, 1978) parks,
wifderness, and houseplants (I1tis and Andrews, 1970).

Charles Lewis (1977) stated that "the whole of horticulture exists not
for the benefit of plants (because plants are interested in being grown)
but rather to satisfy the people who are interested in plants." Rachel
Kaplan (1978) in studying the satisfaction of a gardening experience, proposed
that fascination was a major enticing factor of the experience. Kaplan also
noted that flowers are grown primarily for their fascination as opposed to
their practical value. Lewis (1977) exemplified this point noting that
“Human curiosity andhuman intellect are pivots on which horticulture moves.”

Talbott, et al (1976) investigated the effects of flowering plants upon
the behavior of hospitalized psychiatric patients. It was found that the
introduction of flowering plants in the dining room setting was followed by
a significant increase in vocalization, time spent in the dining room, and

amount of food consumed. Talbott, et al (1976) offered three implied explana-
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tions for the effect of plants on humans: (1) as reflected in S. Kaplan's

work (1978); the human perceptual apparatus is specifically primed for plants
as direct positive stimulus objects; {2) plants are aesthetically pleasing

and perceptually stimulating aspcet of the environment, as Mehrabian (1976)
suggested; and (3) plants engender nurturance from humans establishing a
relationship involving responsibility for another living thing (0'Connor,

1958; Watson and Burlingame, 1960; Brooks and Oppenheim, 1973; Flournoy, 1975).

In a comfort study, Rohles and Wells (1977) reported that 72°F (22.2°C)
in one environmental chamber was perceived to be cooler than 72%F (22.206) in
a second chamber. After determining that the thermal characteristics of both
chambers were identical, modifications to the chamber that was perceived
cooler were made yielding a more "natural-like" indoor environment. These
embellishments included acoustical tile, carpeting, wood paneling, indirect
lighting, and over-stuffed chairs. Ancther group of subjects was exposed to
the same temperature conditions as before the modifications. Using the Com-
fort Model, Rohles and Nevins (1971) estimated that the addition of the
embellishments to the chamber was equivalent to raising the temperature
2,59 (1.4°C) indicating that components of the indoor environment modify
perception of that environment.

Flynn and Spencer (1977) examined "subjective responses to colors of
'white' Tlight that are produced by commonly available electric light sources
in interior spaces." The results demonstrated that various lighting config-
urations can create different feelings. As noted by Rohles, et al (1980) it
"js conceivable that they could affect feelings usually attributed solely to
the thermal environment."”

Rohles and Milliken (1981) outlined a procedure for measuring the affec-

tive characteristics of an environment and the various features it contains.



Rohles, et al (1981) used this grocedure in a study to determine the effects
of lighting, color and room decor on thermal comfort. In this study 432
college students (aged 18-22) were examined in various controlled environ-
mental conditions using the scaling prdcedure outlined. From this procedure
five factors were generated, one of which was environmental quality.

This study examined effects of foliage and flowering plants on subject's
thermal response and their perception of environmental quality and affectivity.
This study appeared only logical in view of, (a) anecdotal evidence (Horsbrough,
1972; Lewis, 1972; Menninger, 1972; R. Kaplan, 1978) suggesting positive plant
influences on human affectivity, (b) previous investigations of plant/man
interactions (Conklin, 1972; Brooks and Oppenheim, 1973; Talbott et al, 1976;
R. Kaplan, 1978) and (c) previous comfort research (Rohles and Nevins, 1971;

Rohles and Wells, 1977).

Design:
Two environmental treatments were selected for study: (1) 68 FET*

(20 CET*) - 68°F / 50% rh (20°C 7 50% rh) with plants, (2) 78 FET* (25.6
CET*) - 78%F / 50% rh (25.6°C / 50% rh) with plants, Lighting inthe chamber
was 78 footcandles, measured at table height. The plant modifications to the

chamber were: 2 Boston ferns {Nephrolepis exaltata "Bostoniensis") in 25 cm

pots (hung in opposite corners) and 2 flowering pink ivy geraniums (Pelargonium
peltatum) in 25 cm pots (hung in opposite corners) and 1 flowering pink

geranium (Pelargonium hortorum) in a 10 ¢m pot placed in the center of the

table. The control environments were the same as the experimental, but
contained no plants.
Both environmental treatments (and controls) were replicated 4 times

with 4 subjects (2 male and 2 female) within the environmental chamber; the



total number of subjects in the experiment was 64.

Method and Procedure:

Facilities and Equipment, The study was conducted in an environmental chamber

at the Institute for Environmental Research, Kansas State University. The
chamber interior was 2.74 x 2.13 m with a ceiling height of 2.74 m. The
chamber was modified with wall paneling, pictures, a table, 4 chairs, and
carpeting. Each subject was provided with a clothing ensemble consisting of
a cotton-polyester shirt, trousers, sweat socks, and slippers, when worn
over underwear (bra and panties, shorts or briefs), its insulation value was
0.6 clo (Rohles, et al, 1973). One clo. is "the amount of insulation neces-
sary to maintain comfort and mean skin temperature of 92°F (33.3°C) in a room
at.70°F (21.2°C) with air movement not over 10 ft./min. (3.05 m/min.),
humidity not over 50% with a metabelism of 50 calories per square meter per
hour" (resting condition) (Newburg, 1968, p. 445).

Four objective instruments were used: (1) a category adjective rating
scale measured thermal sensation, {2) a 7 adjective-pair semantic differen-
tial scale measured thermal comfort, (3) a 1 item questionnaire measured
temperature preference and (4) a 47 adjective-pair semantic differential scale,

used for subsequent factor analysis. Instruments are presented in Appendix 1.

Subjects. 32 male and 32 female college students were recruited through news-
paper advertisement, After signing the Explanation of the Experiment Proce-
dure Form (Appendix 2) concerning the purpose of the test, they reported to
The Institute for Environmental Research and the experimenter read the Ori-
entation Statement (Appendix 2) concerning the purpose of the test, the pro-

cedure to be followed and the rules of conduct during the experiment.



Following this the subjects changed into the provided clothing, went
into the environmental chamber and the test began. After 0.5, 1.0, 1.5,
and 2.0 hours had elapsed, the subjects completed the Thermal Sensation
Ballot, the Thermal Comfort Ballot, and the Temperature Preference Question-
naire. After 1.0 hour and again after 2.0 hours had elapsed, the subjects
filled out the 47 Adjective-pair Semantic Differential Scale. After each
vote was taken the tests were collected.

After 2 hours the subjects were allowed to leave the chamber, change
jnto their own clothes, paid,and dismissed, 7

Data were analyzed using Genera] Linear Model, Chi-square, and Factor
Analysis Programs of the Statistical Analysis System (SAS) computer program

(SAS Institute Inc., 1979).

Results:

The results are divided into four major sections: (1) the Thermal
Sensation Ballot, {2) the 7 Adjective-pair Semantic Differential Scale,
(designated as Thermal Comfort), (3) the Thermal Preference Questionnaire,
and (4) the 47 Adjective-pair Semantic Differential Scale.

Thermal Sensation (TS) Subjects felt significantly warmer at 25.6 CET*

than 20,0 CET* at both 1 hour (p < .0001) and 2 hour (p < .0001) responses

as indicated by analysis of variance of the 1 hour and 2 hour Thermal Sensa-
tion votes. This was expected since the two temperatures 20 CET* (68 FET*)
and 25.6 CET* (78 FET*) were selected for the main purpose of yielding differ-
ent thermal responses., The mean thermal sensation for 20,0 CET* (68 FET*)'
after 1 hour was 3.4 (co0l:3,0); for 25.6 CET* (78 FET*) the mean vote was
5.7 (neutral: 5,0).

As shown in Table 1, males felt significantly warmer than females at

6.



both 1 hour (p < ,02) and 2 hour (p < .005) responses,

As shown in Table 2, the mean 1 hour thermal sensation of the males and
females at 25.6 CET* (78 FET*) was similar. At 20 CET* (68 FET*) both males
and females felt significantly cooler than 25.6 CET*, However, the females
felt significantly (p < .05) cooler than the males at 20 CET* (68 FET*),

Thermal Comfort (TC). The Thermal Comfort scale, loadings, and Percent

Comfort formula were derived by Rohles and Milliken (1981). In analyzing
these votes, values ranging from 1 for the least desirable adjective (i.e.,
uncomfortable) to 9 for the most desirable adjective (i.e., comfortable)
were assigned to each of the 7 adjective-pairs on the semantic differential
scale. The loadings were as follows: comfortable-uncomfortable, 0.555; bad
temperature-good temperature, 0.693; pleasant-unpleasant, 0.628; cool-warm,
0.579; unacceptable-acceptable, 0.521, uncomfortable temperature-comfortable
temperature, 0.726; satisfied-dissatisfied, 0.568. Percent Comfort was
determined by the following formula:

Percent Comfort = -[E(rating x loading) - 4.2707 2.92.

The warmer (25.6 CET*) temperature produced significantly (p < .001)
higher thermal comfort responses after hours 1 and 2. As shown in Table 3,
the mean percent thermal comfort [TC (%)] for 1 and 2 hours are higher at
25.6 CET* than at 20.0 CET*,

As shown in Table 4, after 1 hour males were significantly {p < .05)
more comfortable at 20.0 CET* than females. Females were significantly less
comfortable at 20.0 CET* than 25.6 CET*, This is not true for the males in
which no significance (p > .05) was reported between 20.0 CET* and 25.6 CET*,
After 2 hours, both males and females were significantly (p < .05) more com-

fortable at 25.6 CET* than 20.0 CET*,



As shown in Table 5, although non-significant at p < .05 TC (%) scores
at 1 and 2 hours were consistently higher in the plant conditions at both
25.6 and 20.0 CET*,

Preference Questionnaire. The preference guestionnaire, "would you 1like

the temperature to be warmer, cooler, or no change?" was administered after
0.5, 1.0, 1.5, and 2.0 hours of the test. The mean combined frequencies of
response for the four test times at 20.0 CET* are listed in Table 6. Due

to limiting sample size, the data was too sparse for a valid Chi-square test.
As shown in Table 6§, at 20.0 CET* the mean female vote for warmer (expected
response) was 5.75 in the plant environment and 7,00 in the non-piant environ-
ment.

The 47 Adjective=-pair Semantic Differential Scale . After the comple-

tion of testing values ranging from 1 for the least desirable of the pair of
"adjectives to 9 for the most desirable was assigned to each of thel47 adjec~-
tive-pairs on the 2 hour test. This response was used as the dependent vari-
able in 47 separate anlyses of variance. As outlined by Rohles and Mi]]iken
(1981), residuals were computed from each analysis of variance model and the
residuals were used to construct a correlation matrix. The data set consist-
ing of this correlation matrix was then subjected to a factor analysis which
yielded 5 factors accounting for 60.5% of the variance., A varimax rotation
was carried out on these five factors. After the factors were rotated the
factor loadings (the values corresponding to each of the variables in the
adjective-pairs) greater than .5 (ignoring signs) were used in order to
determine which dimension the factor was measuring. From this two clearly
defined factors were retained. Next a factor score was generated for each of
the retained factors for each subject. This was accomplished by taking the

loadings for factor one and multiplying them by the response corresponding



to each adjective-pair. This was repeated for the second factor.
The two factors identified included 25 of the 47 adjective-pairs.

These together with the loadings, are as follows: Factor 1 - Perceived

Spaciousness: spacious-confined, .920; free space-restricted space, .792;
huge-tiny, .864; open space-closed space, .640; large-small, .872; cramped-
roomy, .647; adequate size-inadequate size, ,502; uncrowded-crowded, .609.

Factor 2 - Occupied Space Quality (0.5.0.): Appealing room-unappealing

room, .727; happy-sad, .553; colorless room- colorful room, .578; repelling
room-inviting room, .780; elated-depressed, .685; good mood-bad mood, .604;
comfortable feeling-uncomfortable feeling, .514; satisfied with room -
dissatisfied with room, .8Q09; unstylish room-stylish room, .812; bored-inter-
ested, .700; good room- bad room, ,810; cheerful-gloomy, .759; unpleasant room-
pleasant room, .809; ugly room-beautiful room, .788; good feeling-bad feeling,
.735; 1ike room-dislike room, .897; dingy room-sparkling room, .568.

Factor 1 - Perceived Spaciousness (PS): Due to the difficulties often

encountered in understaﬁding raw scores, Perceived Spaciousness was expressed
in the form of a percent--PS (%). The procedure for obtaining the equation
for the conversion of the raw scores to a percent is outlined by Rohles

and Millikin (1981). From this procedure the following equation was developed:
PS (%) = [Z(rating x loading) - 5.846 ] 2.138.

When the responses of the PS (%) scale were subjected to an analysis of
variance, the F-ratio for sex (p < .N4) was the only source of significance.
As shown in Figure 2, males perceived the room to be significantly more spa-
cious than females, in terms of PS (%) the males perceived the environment

to be 8,71% more spacious than females,
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Factor 2 - Occupied Space Quality (0.S.0.). As for factor 1, an equation

for the conversion of raw scores to a percent was generated yielding the

following formula:
0.5.0. (%) = [é(rating x loading) - 12.125] 1.013

When the responses of the 0.5.Q. (%) scale were subjected to an analysis
of variance, the F-ratio for plant/non-plant (p < .02) was the only source
of significance, As shown in Figure 3, the mean 0.5.Q. (%) scores for the
plant environment were perceived as 10.68% higher in relation to environ-

mental quality and affectivity.

Discussion:

This study indicates that plants in the indoor environment are not an
influence on an 18-22 yr. old subject's thermal response. Therefore it is
concluded that plants are not a "non-thermal" factor influencing the percep-
tion of thermal comfort. The lack of a significant effect in regard to thermal
sensation is not surprising in light of earlier research by Rohles, et al
(1980), where the following conclusion was suggested: "The thermal sensa-
tion is not affected by the starkness or 'plushness' of the environment.”

The effects of sex and temperature on thermal sensation lend further credu-
lence to earlier findings (Rohles et al,1981).

Plant effects in relation to the perceived spaciousness scale were not
significant. Plants neither contributed to a feeling of openness in the
interior envirecnment, nor did their presence or space consumption contribute
to a "closed in" feeling.

The most significant finding of this study was the positive plant effect

exhibited on Occupied Space Quality. While the data presented offer no
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insight into the agencies by which plants exert this effect, they do estab-
lish that plants have a significantly positive effect on a subject's feelings
toward and evaluation of the indoor environment. In this study the sub-
jects feeling toward and evaluation of the plant environment was 10.68%
higher than that of the non-plant environment.

The findings provide empirical evidence of the affective impact of
plants in the indoor environment. Continued investigations using the pro-
cedures outlined in this study, and the 0.5.Q. scale generated will enable
determination of the plant densities and types in the indoor environment,
help contribute to the understanding of the man/plant relationship, and
further all fields invoived in designing or assessing optimum interior 1iv-

ing space.



Table 1
Comparison of mean Thermal Sensation

*
response by sex at 1 and 2 hours

Sex Mean Hour 1 Mean Hour 2
Male ' 4.8 4.3
Female 4.2 3.9

ﬁj:TUE pi:TbO5

* rating of 3 = cool; 4 = slightly cool; 5 = neutral

12.



Table 2
Duncan's Multiple Range Test
for the 1 hour Thermal Sensation
responses of male and female subjects

at 25.6 CET* and 20.0 CET*

Temp, (CET*) Sex ~ Mean Groupings**
25.6 Male 5.7 A
25.6 Female 5.7 A
20.0 Male 3.9 B
20.0 Female 2.8 C

** Means with the same letter designation are not statistically

different from one another at p < .05.

13'
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Table 3
Comparison of mean Thermal Comfort responses

for hours 1 and 2 at 25.6 CET* and 20.0 CET*

Temp. (CET*) Mean Hour 1 Mean Hour 2
25.6 70.0 71.6
20.0 48.5 42.6

p<.0C1 p < .001



Table 4
Duncan's Multiple Range Test for the mean
Thermal Comfort Responses of the male and female

subjects at 25.6 and 20.0 CET* after 1 and 2 hours

Temp, (CET*) Sex Mean Hr. 1 Groupings**  Mean Hr., 2  Groupings**

20.0 Female 40.0 A 36.6 A
20.0 Male 57.1 B 48.7 A
25.6 Male 64.5 BC 66.4 B
25.6 | Female 75.9 g 77.2 B

*%* Means in columns with the same letter designation are not statistically

different from one another at p<,05

15.
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Table 5
Duncan's Multiple Range Test for mean
Thermal Comfort Responses to plants within or absent

from 20,0 and 25.6 CET* conditions at hours 1 and 2

Condition Temp (CET*) Mean Hr. 1 Grouping** Mean Hr. 2  Grouping**

Plant 20.0 49.6 A 47.0 A
Mon-plant 20.0 47.5 | A 38.3 A
Plant 25.6 71,2 B 72.9 B
Non-plant 25.6 68.7 8 70.3 B

** Means in columns with the same letter designations are not statistically

different from one another at p < ,05



Table 6
Comparison of combined mean Preference Questionnaire

frequencies of response at 20.0 CET*

Condition Preference

Cooler No Change Warmer

Plant Male 0.50 3.75 3.75
Female 0.25 2,00 5.75
Non-plant Male 0.25 3.75 4,00

Female 0.00 1.00 7.00

17l
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. 1 Interior view of experimental chamber
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Fig. 2 Comparison of mean percent perceived spaciousness PS (%) for

males and females.

df

i
p—t

p<£.04

Mean PS (%)
31.83
23.12

F = 1206.5
Sex
Male
Female
304
PS(%)
20-
ol |
MALE

FEMALE

19.
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Fig. 3 Comparison of mean percent occupied space quality 0.5.Q. (%)

for the plant and non-plant conditions.

F = 1444.3 df = 1 p £.02
Environment Mean 0.5.Q. (%)
Plant 64.89
Non-plant 54.21
701
CDJSLD'(;KQ 601
50+
ol

ENVIRONMENT
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- Thermal Sensation Ballot
Thermal Comfort Ballot
Temperature Preference Questionnaire
47 Adjective-Pair Semantic Differential
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F — : !
Yoce No. Taszt No.

Hiniser Sex Yame

Circle the number beside the adiectiva

zhat descrites tow you Zsal.

3 Vazry Zot

3 Hot

7 Warm

8 Slightly Wazm
5 Neuszal

] Slighely Czal

1 Caal

2 cald

1 Vazry Cold

A e T Wy SO NI 7 TGO A =

«hermal Sensation Ballot
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25.

Instzuctions ID Subjects

Qn the sprosite Dage are several saizs of adjectives that can be
gsed to descrile how ne eavircooent in this room feels o you. Lagk
gver the list of adjectives; =hen ta2ks a few minutss 3 gez into zhe
aoed of the situacion and thien complece the ratings acssrding o thae
fallowing izstIucticns:

If you Zeel that tie eavirorment can be dascTibed verv clsselv Ty
the adjective at cne end of zhe scale, you should place your cracxsark
as Iollows:

faix V, [ § : : 1 : : : unfsix
ar
faixz : 1 : : : : t .t ‘/ unfaiz

I you feel zhat the envivonment can be descTited guifts closalv by

t=e adijective at one oT the ouher end of the scale (hut 20t extTemely)
veu should plage your clheck—ark as follows:

sTong H / : 2 H : H : H weak

or
H \/: wedk

sTIong H H L] t :

If vou feel nat ine envirsnZent can Se ZascTited sczewhat sloselv

By the adjective a2t cue or ite other snd of the scala you sacuid 2ake

youz zark as follzws:

near : : '/: : : : : : far
T
sear : : : : : / : far
-V W

I2 you feal tHat e enviIsmment can 2e dascriSed zniv slichel

Sy =he adiecsive at ona or ite othar end of tRhe scals vou shculd Zace
your checisark as follows:

active : : : /: : : : : sassiva

v’ 2 : cassive

If vou feal zhat the envirormeat san Se Zescrifed as neuszil, of
az
=

aczive H ] : :

b
if wme scale is £
z=gn you siould Flacs Ine checikTazk as Iallows:

satem : 2 : 3 \/:

PLIASE: 1) Placa your checksark in the niddle of the stacad.

2] 2o not cmit anv.
1) Te =ot syt core than one sShecikcaxk IS A guastiaa.

srmle=gly ir—alayant Sr inzelited I3 tha en

.
.

1 % Zamgerous

Thermal Comfort Ballot



Vete Na. Ta2st Na.

Numbher Sex Name

¢emfsr=able t it s i1 concamfortibls

gad temperature _ 1 :_:_:_ :_ i :__ gee¢d semperaturs

2leasant ottt ¢+ cunmplaasant

cool : 3 y 2 : 2 - war=

uncemfsrsablse semtorsabls
Semperaturs _ :  : 7 vttt i CemperazuTe
sazisiled - S - S T R N dissasisilad

‘Thermal Comfort Ballot
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Vate No.

Number

Sex Name

Do you desire the room to ge;

1. Warmer
2. Cogler

3. No Change

Temperature Preference Questionnaire




28.

Iastructions o Sublects

Cn the cpposice sage are several pairs of adjectives that can be
usad to describe hov the snvirsomant in this room feels o you. Look
over =he list af adieczives; chen taka a few zinutes I jat into The

scod of the situacion and then cscpleca thae ratings acsording € the

following instructicns:

12 vou feeal that zhe eavicorment can be described wverv zlioselv by
zhe adjec=ive at cne end of <he scals, you should placa vour chasxsarnk
23 follows:

faiz ‘/: : 3 3 H % : : anfaf=

er ‘

fair 3 : : : : : .3 \/’ nfais

12 vou fael that zhe envizonment can be dascoilded cuits closalv Dy
tha adiective at cna or e other end of the scala (but ot extTezaly)

you should slacs your checiksarzk as follows:
s=Tong . t 3 : : : : weax

or
] £ 1 V’: weak

s=9ng H : 4

-

If you feel zhat the envisznzant can 2e Zassribed sczawhac sloselw
Sy e adiective 23T coze Or the guner end of Ihe scale you sAculd Take

vous zark as fellcoas:

near E : V’: : 1 : H ] fas-
azr
near - : ¥ : : s \/' : far
- -l - - A4 | -l Q)
If you feel that the anvirorsent can De descriSed cnoy slognta

Sy the adlesTive at cna ar the ocher end of le scals vou saguiz =ax

your checxzarx as Igllcows:
aczive : : : V/: : t 3 : sassive

=5
s 3

Aczive 3 : sassive

snvirsrment can se ZessT
Lr-elavan: cr unrelaced
znezr=arzk as Icllgws:

1£ vou feel

< tted 25 neul
if =ha scale s cIoolese %

- o ehe gnpersonss

—hen you should 2

: § V: 5 1 H iangerous

safm :

Pr=asSE: 1) Placs your checiksark in the nuiddle cf the stacss.
2) 2o =gt smatoanv,
1) S0 =ot sus =ore than one sheck=ark I3 a SuasIiIn.

10
0"
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47 ADJECTIVE-PAIR SEMANTIC OIFFERENTIAL

good l:uupez;::urn
appesling room
bappy

stale odor

e

¢alorless room

dirsctad space

.

inafiigisnc space

tepalling room

glazing surfacss

ap
4

spacious

-4

elaced

wvell scaled

goed mood

comforzable tamperacure

lively rcom

tense

pleasant ada:.;
clucsered

POQT accustics

frae space
comfortable fazeling
poorly plazned rcom
disorganized spacsa

poer ventilacion

——

.

GO;.

"THE NEXT PAGE AND CONTINUE

bad tewmperacuve
uzappealing Toom
sad

fresh odor

colorful room
con-dirsczed spacs
efficient space
izviting rocm
oon-glaring surfacas
confined

deprassed

pooTly scaled

bad :ngod
unesmiortable camperaslz

ton~lively roecm

© relaxed

u.uplaa.saﬁ: odor
wncluttared

good acoustics

| testriccad spacs

uncomfortadla feeling
well placmed room
arzanized spacse

cod ventilation
g
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poor lighting

anxious

satisfied with room

unstylish room
huge

bored

good room
brighe ligheting
¢lear room
cheaerful
umplesasant room
ugly room

good faeeling
war: temperaturs
like zocm

open space
large

dingy soem

cidy room
¢ramped
adequate size
merowdad

soft lighcing

-

goad lighting

calm

dissatisfied with rocam
stylish room

ciny

incereasted

bad zoom

dull ligheirng

hazy room

] ‘glaa\iw o

pleasant room
beautiful room
bad feeling
cool temperature
dislike rocum
closed space
small
sparkling Toom
untidy room
toomy
inadequate siza
crowded

harsh lighting
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Explanation of Experimental Procedure
Agreement and Release Form
Orientation Statement
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32.

EXPLANATION OF EXPERIMENTAL PROCETURE

The pupcse of the study in which you will be participating is to eval-
uate a person's perception of the thermal envirorment. If you elect to part-
icipate you will be scheduled to be at the Irstitute for Environmentzl Research
at a specific 2% howr period. When you report for the experiment you will be
required to change into a set cf clothes which we will provide for you. You
will then be taken into a climate controlled room and be required to stay
there for 2 hows. During the experiment you will be asked to complete ballots
describing how you feel. After 2 howrs are completed you will be free to
change into your clothes and leave. After complet‘ion of the experiment you will
be paid and dismissed.

If after reading the above you wish to volunteer as a test subject and are
between the ages of 18 and 22, you must sign below and complete the attached
Agreement and Release Form. When these are accomplished you will be scheduled
for the tests.

I certify that I have read and understand the above and wish to volunteer

to be a test subject.

Slgnature

Print name

Sccial Security number




33.

AGREEMENT AND RELEASE

I, volunteer to
participate in a project in connection with research studies
to be conducted by Kansas State University.

I fully understand the purpose of the study as read to me in the
orlentation statement and realize that participation in the study
may impose physical and / or mental stresses upon me and / or other
subjects. I believe that I am physically and mentally fit to
withstand any such stresses.

I understand that I will be observed during my participation and
"that my conduct and / or voice may be recorded by photographic and /
or recording devices. I may have attached to my person sensors

to measure temperature, pulse, blood pressure, etc. I also realize
that public reports and articles may be made of the experiments

and all of the observations and I consent to publication of such
including the use of photographs.

I also understand that my performance as an individual will be
treated as research data and will in no way be associated with me
for other than identification purposes, thereby assuring anonymity
of my performance and response.

I understand that I will be permitted to leave the evaluation
exercise at any time that I find that I am unable to withstand the
conditions and request to be relieved.

As compensation for my voluntary services as a participant in the
aforesaid studies, Kansas State University will pay me. It is
clearly understood and agreed, however, that in no event am I to
be considered an employee of Kansas State University during such
participation. Therefore, no Scocial Security, income tax, retire-
ment or other benefits of employment will be ducted or accrued.

I hereby agree, under penalty of forfeiture of all compensation
due me, not to give information regarding these studies to any
public news media nor to publicize any articles or other accounts
thereof without prior written approval by Kansas State University.

I have signed the herein Agreement and Release, This
day of : , 19 ;

Signature



34.

ORTENTATION STATEMENT

"A National Imstitute of Mental Health Grant Project (# 5-T2u-MH-16068-03)
in conjunction with Karsas State University is conducting a series of tests related
to how individuals respond to their thermal envirorment. At the cutset, you
should be fully aware of the fact that the conditions to which you will be expcesed
entail no physical risks. Second, you have volunteered to act as a subject and
are participating on your own volition. Third, you may leave the experiment amy
time you wish; and fourth, your idenity as a subject will not be disclcsed and
anorymity will be maintained.

The way the test will proceed is this; in about 20 minutes you will be taken
in the test rocm behind me where you will perform various activities according to
the inrstructiors we give you. From time to time you may stand or stretch your
legs ; however you cannot sleep nor leave the room during the tests.

After being in the test room for % hour, 1 hour, 1% hours and 2 howrs you
will be asked to complete a series of questionnaires (pass these out and demorstr-
ate by reading the directiorns). After completing the ballots I shall collect
them. Wen you ccmplete the last questionnaire, you will retwrn to this room,
change into your own clothes, will be paid and will be dismissed.

Are there ary questiorns?"



Appendix 3

Intercorrelations between the Adjective-Pairs in the
Occupied Space Quality Scale

Intercorrelations between the Adjective-Pairs in the
Perceived Spaciousness Scale
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PLANTS AS ENHANCERS OF THE INDOOR ENVIRONMENT

by
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submitted in partial fulfillment of the
requirements fof the degree
MASTER OF SCIENCE
Department of Horticulture

Kansas State University
Manhattan, Kansas

1982



Flowering and foliage plants were examined as a possible "non-thermal"
factor influencing perception of the thermal environment. Four objective
instruments were used to assess thermal response: (1) a category adjective
rating scale measured thermal sensation, (2) a 7 adjective-pair semantic
differential scale measurcd thermal comfort, {3) a 1 item questionnaire
measured teﬁperature preference,#and'(4) a 47 adjective-pair semantic dif-
ferential scale was used for subsequent factor analysis. A1l {ests were
conducted in an environmental chamber modifeid with or without living plants.
Within the environmental chamter, lighting, temperature, relative humidity,
and clothing were controlled for 64 college students the ages of 18 and 22.

No significant (p < .05) plant effects were found in college student's
perception of thermal comfort, thermal sensation, or temperature preference
in the contfo]]ed environment, Using a statistical scaling technique, the
affective characteristics of the indoor environment and its features were
evaluated. Subjects indicated that plants caused a significantly positive
effect (p < .02) on perception of Occupied Space Quality (0.S.Q.). Further,
males perceived the indoor environment as significantly (p < .04) more spa-

cious than females.





