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.EBACKGROUND AND OBIJECTIVES: Various studies confirm that indoor environmental
iquality (IEQ) evaluation plays an important role in health, wellbeing, and satisfaction,
iespecially in healthcare facilities. Moreover, these building types are among the major
genergy consumers. The variety of the users’ requests (patient, patient companion, and
istaff), physiological conditions, and mental sensitivities increase the importance of
i choosing the appropriate method of studying healthcare buildings. Previous studies have
i suggested many methods for assessing indoor environmental quality. Recent research
‘has found IEQ to be largely influenced by thermal comfort, acoustic comfort, lighting
§comfort, and indoor air quality.Also, due to the differences in users’ perceptions of the
i limits set in the relevant standards and conditions in hospitals, questionnaires were used
i to compare the users’ satisfaction with standards and real situations. The main purpose of
i this study is to evaluate the quality of the patient’s room indoor environment in order to
identify the most important indoor quality indices affecting user satisfaction and compare
i environmental conditions with existing standards such as American Society of Heating,
i Refrigerating and Air-Conditioning Engineers (Ashare) standard, world health organization
{(WHO), Iran standards, etc. in this field. In this regard, physical measurements data of
i environmental parameters affecting the quality of the indoor environment in medical
%centers were collected. Then by comparing the results obtained from the users’
i questionnaires and physical measurements with related standards and previous research,
ithe most important factor influencing indoor environment quality in patient’s room is
i identified. Finally, the relationship between the type of users who are separately affected
by indoor conditions is expressed.

ETHODS: In the current study, based on the results of previously validated studies,
the physical data and users’ satisfaction levels are measured via questionnaires to

i assess the hospitals’ indoor environment quality. Indoor environment quality evaluation
iis generally studied using the four main characteristics of thermal, lighting, acoustic, and
findoor air quality. Five hospitals in Tehran have been selected, and their IEQ has been
%evaluated. In this regard, 482 questionnaires were completed by the patients and their
§companions. In these questionnaires, four indices mentioned above, out of the total
{indices affecting indoor quality, were evaluated. At the same time, these indices have
i been compared using environmental characteristics such as dry air temperature, relative
%humidity, lighting intensity, and sound level intensity, carbon dioxide concentration
i(C0O2), fine particulate matter smaller than 2.5 micrometers (PM 2.5) concentration by
i the researcher, simultaneously with the completion of the questionnaire by users under
i specific protocols.

INDINGS: Based on the results, the highest compliance with the standard was
observed in indoor air quality (IAQ) and the lowest in sound quality according to the

%World Health Organization (WHO) standards. The results show that there is a significant
i correlation between the thermal and optical indices concerning indoor quality, which are
£0.59 and 0.42, respectively. However, the two indices of acoustic quality and IAQ, despite
i their high correlation with indoor quality (0.62 and 0.67, respectively), have an internal
i source. Comparing the frequency of case samples within the standard temperature range
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i (23-26°C) with other cases shows an 11% increase in user dissatisfaction due to non-
i compliance with this range.

ONCLUSION: Although the acoustic quality of most case samples is out of standard,
: &30 to 40% of users have reported usual satisfaction with the sound condition. Due
ito the excess of standard lighting intensity in most case samples, lighting quality has
i maintained the average level of user satisfaction at the highest level. Also, comparing the
results of the users’ satisfaction in the questionnaire with the standard range of the four
i indoor environmental quality indices stated 100% compliance with indoor air quality, 68%
i with thermal status, and 18% with lighting status. The results also showed that acoustic
i status had no significant relationship with standard range and user satisfaction conditions.
§Also, the dry air temperature factor in evaluating thermal quality is more effective than
§the relative humidity. Based on the data collected from the statistics, a statistical model
iis presented to identify the general users’ satisfaction with IEQ based on environmental
i parameters.

i HIGHLIGHTS:

i~ Noncompliance with the temperature and humidity standard range was not effected
users’ dissatisfaction with IEQ.

- Patients were +11, -12, -11, -6 and +13%, respectively, more sensitive than their
i companions to deviate from the standard range of temperature, humidity, acoustics,
§carbon dioxide concentration, and PM2.5 Concentration, which indicates the disease’s
impact on users’ perception of environmental variables.

i - Indoor air quality (IAQ) and sound quality are the most important factors affecting IEQ
i (with correlation coefficients of 0.67 and 0.62, respectively).
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Table 1. Measured IEQ parameters along with minimum standards for hospitals

Name of Hospitals Taleghani Shohadaye Tajrish ~ Shahid Modarres Imam Hosein Labbafi Nejad
Area (m?) 42000 37164 28560 52000 32650
Built / Renovation 1979 1961 & 1993 1975 1985 1981
Building Orientation Southwest - Southeast - Southwest - Eastern- Western Southeast-
Northeast Northwest Northeast Northwest
Number of Floors 7 3,6 5 9 4
Room Capacity 2,3,6 2,3,6 2,3,4,6 2,3,4 2,3,4,6
V‘g;‘t‘:g"(vvbﬂ,v\’\g’)‘” 18 - 57 30-70 30-80 30 - 60 20-40
Per Capita 9.3-5.6 11.2-2.75 9-5 9.15-55 11-75
Heating/Cooling Chiller/ Boiler Chiller/ Boiler/ Chiller/ Boiler Chiller/ Boiler Chiller/ Boiler

Evaporative Cooler
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Table 2. Details of questionnaire

General Information Scale
Type of Referral Surgery Duration of Presence in Space Nominal
User Type Cause of Hospitalization Number of Visits
Gender Age Duration of Hospitalization
IEQ Questionnaires Satisfaction Rate
Thermal Air Temperature / Dry Air / General Thermal Condition Completely Satisfied =7
Acoustical Annoying Sound / Audio Privacy / General Audio Status Very Satisfied =6
Lighting Natural Light / Artificial Light / General Lighting Condition ?\la::;fr';d_:f
I1AQ Freshness of Air / Smell of Air / General Condition of Air Dissatisfied = 3
Overall - Very Dissatisfied = 2
Explanation - Completely Dissatisfied = 1

Table 3. Measured IEQ parameters along with minimum standards for hospitals

Parameters Indicators Standard Range Standard/Research Instrument Place/Height Measurment
Protocol
Thermal Dry Bulb 24-28 Iran Codes, 2004 Kestrel 5400  Center of the room ASHRAE
Envi t -
nvironmen Temperature 21-24 American Architects errat Sliress /90 ti]loﬂcm from
(°C) Research Center, 2006 racker € tloor
23-26 ASHRAE, 2004
24 -33 Adaptive Comfort, 2007
27-37 Nicole and Humphrey,
2002
Humidity Ratio 30-60 Iran Codes, 2004
(%) 30-60 ASHRAE, 2004
Acpustical Sound Intensity <40 LEED v4 - Background TES -1352A  Center of the room ASHRAE
Environment noise of facilities / At least 90 cm
(Db) from the floor and
<60 LEED v4 - Background tical surf
noise of external vertical surtaces
<40 WHO, 1999
<30 Code 18, 2014
<60 ASHRAE, 2007
Lighting luminous 100 - 150 Indian National TES -1352A  Center of the room ASHRAE
Environment Intensity Regulations, 2005 /90- 110 cm from LEED v4
(1ux) 100 - 225 CIBSE, 1989 the floor
50 - 300 Code 13, 2008
Indoor Air Co2 Concentration <700 ASHRAE, 2007 77535 potable  Center of the room LEED v4
Quality (ppm) Co2 meter /90- 180 cm from
- . the floor
Volatile Organic <1 LEED v4 TES-5322 ASHRAE
Compound(mg/m3)
PM 2.5(ppm) <35 WHO, 1999
<20 LEED v4
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Table 4. Measured IEQ parameters along with minimum standards for hospitals

Zone Thermal Condition Frequency Physical Measurments
1 Cold & Dry 2.0%
2 Dry 4.8%
3 Hot & Dry 4.8%
4 Cold 16.0%
5 Comfort 46.5%
6 Hot 41.9%
7 Cold & Wet 0.0%
8 Wet 0.0%
9 Hot & Wet 0.0%

Fig. 1. Dry bulb temperature (a) & Relative humidity (b) range in hospitals
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Equation 1. Statics equation for estimating user overall
satisfaction level of IEQ

Overall IEQ Satisfaction= (—0.146 * Ta + 8.838 +

0.53) + (—0.022 * Rh + 5.586 + 0.013) +

(—=0.035«Db + 6.6 + 0.017) + (—1.172E — 09 *

Lh® 4+ 3.074E — 06 = Lh? — 0.002 * Lh + 5.172 +

0.348) + (—0.002 * Co2 + 5.919 + 0.001) +

(0.001 * PM2.5% — 0.062 * PM2.5 + 5.936 + 0.423)
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Fig. 2. Sound level intensity & user satisfaction range in hospitals

Fig. 3. Horizontal lighting intensity & user satisfaction range in hospitals
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Fig. 4. Co2 & PM2.5 concentration by the side of user satisfaction range in hospitals

Table 5. Index of occupants’ satisfaction according to the statistical model introduced in Equation 1

Completely Dissatisfied  Dissatisfied ~Semi-Dissatisfied Neutral

Semi- Satisfied Satisfied Completely Satisfied

0-6 7-12 13-18 19-24 25-30 31-36 37-42
Table 6. Comparison of IEQ parameters Weighting Scheme in related researches
Indoor Environment Quality Parameters

Research period 1AQ Lighting Quality Acoustical Quality Thermal Quality Researcher
One Year 0.209 0.164 0.203 0.208 Chiang & Lai, 2002
Seasonal 4.68 3.7 4.74 6.09 Wong et al., 2008
One Year 2.89 2.17 2.07 2.67 Yoon, 2008
Seasonal 0.118 0.171 0.224 0.316 Caoetal., 2012
Seasonal 4.68 3.7 4.74 6.09 Catalina & lordache, 2012
One Year 0.15 0.146 0.16 0.189 Ncube & Riffat, 2012
Seasonal 0.2 0.29 0.39 0.12 Heinzerling et al., 2013
One Year 0.11 0.33 0.12 0.22 Nimlyat, 2016
Seasonal 0.45 0.18 0.39 0.35 Current Study
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6. IEQ overall satisfaction

7. Dry Bulb temperature(C)

8. Relative Humidity

9. Sound level intensity(Dba)

10. Horizontal lighting intensity(lux)

11. Co2 concentration (PPM)

12. PM2.5 concentration (PPM)

13. Significance

‘sﬂé)dé 9 M" :

oS ils gl iy g 5,52 Lo (ingh
oleyd wdlagy O)ljg ot At (S poe

gt lon (Vg 5 o)l (Sbj (b9

5! Qlf:u—w 29 L Foas ploul i agh 0,6
G i ] Gy plosl a j0 a8 Jilg i

&8l o)l

o=l plzsl jo 4 S o Sle oo el By
S92y sl gl (o8l 2)LsS 4SS e ash
- ‘ . ‘&

W glaasl

Js—ol &lS a5 Wg b oo gt QB0
M ool ol 1, ale 31 Ll 5o
1SS el Sygo 4o g usles S enle, COPE
St 3| oy s B Sy 5] e 3y
il as |, 350 6y eSy 5 allie Bi> 5> calio
.A_J.QQQSA

aeglos [ o aibio

O g i o 3 &5 ke

39 ol jo—bdy S ylo o oMl Ba e
Jlsd o8 )l adlie (3,55 ¢ Lingh plel Jolhe

5 Slogize plood Codote p ol job ay g ai il
Dpdye |y adlie )0 subanss o Jlas

References

1. Al-Harbi, H. A. (2005). An Assessment Procedure
for Acceptable Indoor Environmnetal Quality in
Health Care Facilities. King Fahd University of
Petroleum & Minerals.

2. Al-Rajhi, S., Ramaswamy, M., & Al Jahwari,
F. (2012). 1AQ in Hospitals - Better Health
through Indoor Air Quality Awareness. In Tenth
International Conference Enhanced Building
Operations (pp. 37-39). kuwait: ICEBO -

o S i 5 (o s i
b S o Jale G fhe Sl ol
(e Smgb) e 09— cnlis A Ao L
G e .l 00 el (Sl Gl sl
Gosgdme J3Is j0 a5 (59,5 slpdiges sl)8
plw L (o5 slaw a0 YP-YY) oleo o sl
P2 -3 FPN =P [ R U] P G X Y| A PR PR
45 el ojlo ol cnle; pae dbawly 4 )8
JUNES SN I BN L LA RPN WS WA SN [ i
Godgame Coley pac aS > o5 s ol jen a1
Ol Loyl s (Sl ;b gl 5 (oo
5o S sl B 5N Lo CiS |
Sylaitinl o> 3l 2l 68,9 sloadiges cdle
S 3l ace 3 ¥ LY S el oo 355
ClS Wl Sl Tge gl s c Lo,
Sl e @by am aag Lo s (ol
sl i 65 y5s sLidigai cJlé ;5 8, luilil
o3gizme (ym YL )0 (Sl joba ) )8
odupdylii og > 4 S e wlod, 5 S als,
Sl g plas aile ;508 (ase Jslse 0929
i ) S ol pae U Jlass L
Sy 5l el L ol gad gole g bl
Jole 51 (glyd i )0 el oa lids,
69,5 ladiges e o o uSlgo S o lale
Glro ol 3 clale g il pwlio odgaow o
S iy ;=3 A1 a9 S VIO 3l ;5SS
Gosgaze Sl s, S NS (S Glyo chS
15 doys o il Uy o5 olo b e laibil
= S e o ca S Slas 0 F g Jsle ol
T VS RN ESRY WA PRI U SIS
Slsp S i A o] g 5 2l
ot b 3 odle 4y ol 5 g L5l
CeieS S OL)8 cnls, (pshy 50 () n S5
o a3l i Sl jebay (Sl e
i bype U5 bl gl VL g 005
V1 OIOY) oy Sy g Ly € lias Lo
ANV Y Y ey A ol el Gl
Al e ol a s i oo, 0+\Y 4 -F
(S92 sk mles 3 labiwl oogase 5l g5
S il 0l Gl g apSTis S bl
a S aileols i cowlus 055 5l 9, Y/O 5
STyl s 6l Sl il oo ims Lt ol s

A8 Sl |y e sUm e | ol S

International Conference for Enhanced Building
Operations. Retrieved from http://hdl.handle.
net/1969.1/94139

3. Alzoubi, H., Al _Rqgaibat, S., & Bataineh, R.
(2010). Pre-versus post-occupancy evaluation
of daylight quality in hospitals. Building and
Environment, 45, 2652-2665.

4. Ampt, M., Harris, P., & Wise, M. (2008). The

Health Impacts of the Design of Hospital



eee S gl SBGEN 53 slowt 01 100 9 slowt Soiald ) 9 o Jolgs pl S

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Facilities on Patient Recovery and Wellbeing,
and Staff Wellbeing: A Review of the Literature.
ASHRAE. (2004). ANSI/ASHRAE Standard
55. Atlanta, USA: American Society of Heating,
Refrigerating and Air-Conditioning Engineers.
ASHRAE. (2010). ASHRAE Guideline 10P.
Atlanta, USA: American Society of Heating,
Refrigeration, and Air-conditioning Engineers,
Inc.

Azizpour, F., Moghimi, S., Lim, C. H., Sohif,
M., Salleh, E., & Sopian, K. (2013). A Thermal
Comfort Investigation of a Facility Department
of a Hospital in Hot-Humid Climate: Correlation
between Objective and Subjective Measurements.
Indoor and Built Environment, 22, 836-845.
Balaras, C., Dascalaki, E., & Gaglia, A. (2007).
HVAC and indoor thermal conditions in hospital
operating rooms. Energy and Buildings, 39, 454—
470.

Boubekri, M. (2008). Summary for Policymakers.
In Intergovernmental Panel on Climate Change
(Ed.), Climate Change 2013 - The Physical
Science Basis (pp. 1-30). Cambridge: Cambridge
University ~ Press.  https://doi.org/10.1017/
CB09781107415324.004

Boyce, P. R. (2003). Human factors in lighting.
Chapter 5 Lighting and Visual Discomfort, 162—
191.

Choi, J.-H., O. Beltran, L., & Kim, H.-S. (2012).
Impacts of indoor daylight environments on
patient average length of stay (ALOS) in a
healthcare facility. Building and Environment,
50, 65-75.

Code 13: FElectrical equipment’s design of
buildings. (2009). Iranian Building Regulations,
Council of Ministers, Tehran, Iran.

Code 18: Insulation and Acoustical adjustment.
(2013). Iranian Building Regulations, Council of
Ministers, Tehran, Iran.

Code 19: Energy saving. (2017). Iranian Building
Regulations, Council of Ministers, Tehran, Iran.
Croitoru, C., Andreea, V., Bode, F., & Angel,
D. (2013). Survey Evaluation of the Indoor
Environment Quality in a Large Romanian
Hospital. INCAS BULLETIN (Vol. 5).
Dascalaki, E., Gaglia, A., Balaras, C., & Lagoudi,
A. (2009). Indoor environmental quality in
Hellenic hospital operating rooms. Energy and
Buildings, 551-560.

De Giuli, V., Da Pos, O., & De Carli, M.
(2012). Indoor environmental quality and pupil
perception in Italian primary schools. Building
and Environment, 56, 335-345.

De Giuli, V., Zecchin, R., Salmaso, L., Corain,
L., & De Carli, M. (2013). Measured and
perceived indoor environmental quality: Padua
Hospital case study. Building and Environment,
59, 211-226. https://doi.org/10.1016/j.
buildenv.2012.08.021

Dorasol, N., Mohammad, I. S., & Hakim, A.
(2012). Post occupancy evaluation performance
criteria and parameters for hospital building

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

YOV-Y7F Olxio /1 o 5loiis . \Y 0590 . 1 Foo (bl g 4l

in Malaysia. 3rd International Conference on
Business and Economic Research (3rd ICBER
2012) Proceeding, 2650-2668.

Fransson, N., Vistfjill, D., & Skoog, J. (2007).
In search of the comfortable indoor environment:
A comparison of the utility of objective and

subjective indicators of indoor comfort.
Building and Environment, 42(5), 1886-1890.
https://doi.org/https://doi.org/10.1016/j.
buildenv.2006.02.021

Guyon, D. (2008). Daylight Dividends Case
Study: Smith Middle School, Chapel Hill, N.C.
Journal of Green Building, 1, 33-38.
Hagerman, 1., Rasmanis, G., Blomkvist, V.,
Ulrich, R., Anne Eriksen, C., & Theorell, T.
(2005). Influence of intensive coronary care
acoustics on the quality of care and physiological
state of patients. International Journal of
Cardiology, 98(2), 267-270. https://doi.
0rg/10.1016/j.ijcard.2003.11.006
Heinzerling, D., Schiavon, S., Webster, T.,
& Arens, E. (2013). Indoor environmental
quality assessment models: A literature review
and a proposed weighting and classification
scheme. Building and Environment. https://doi.
0rg/10.1016/j.buildenv.2013.08.027

Hua, VY., Oswald, A., & Yang, X. (2011).
Effectiveness of daylighting design and occupant
visual satisfaction in a LEED Gold laboratory
building. Building and Environment - BLDG
ENVIRON, 46, 54-64.

Huang, L., Zhu, Y., Ouyang, Q., Cao, B. (2012).
A Study On The Effects Of Thermal, Luminous,
And Acoustic Environ... - IIDA. Bibliographical
Information, 304-309. Retrieved from http://
knowledgecenter.iida.org/AssetDetails.
aspx?assetGuid=ef860b41-a595-4db0-9336-b5¢c
120640ech%7B&%7DBackToPage=search.asp
Hwang, R.-L., Lin, T. P, Cheng, M. J., & Chien,
J. H. (2007). Patient thermal comfort requirement
for hospital environments in Taiwan. Building
and Environment, 42, 2980-2987.

Ingtitution, B. S. (2007). BS EN 15251. London:
British Standard Institution (BSI) Publication.
Ingtitution, B. S. (2012). BS EN 1SO 28802.
British Standard Institution (BSI) Publication.
Joseph, A., & Ulrich, R., & Ulrich, R. (2007).
Sound control for improved outcomes in
healthcare settings. The Health Center for
Health Design, (4), 1-15. Retrieved from
www.healthdesign.org/sites/default/files/Sound
Control.pdf

Kibert, C. (2005). Sustainable Construction:
Green Building Design and Delivery.

Koster, H. (2004). Dynamic Daylighting
Architecture  Basics,  Systems,  Projects.
BIRKHAUSER, 463.

Lai, A. C. K., Mui, K. W,, Wong, L., & Y. Law,
L. (2009). An evaluation model for indoor
environmental quality (IEQ) acceptance in
residential buildings. Energy and Buildings -
ENERG BLDG, 41, 930-936.

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I’

23

I

\o
(73




99

1

9

ay
) J
q

N
2 9

&)

s

TYON-Y7YF Olmio /1 o 5lows . Y 0499 . 1 Foo (bl g 4l

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

ol s g sl jolus

Ma, H., Du, N., Yu, S., Lu, W., Zhang, Z., Deng,
N., & Li, C. (2017). Analysis of typical public
building energy consumption in northern China.
Energy and Buildings. https://doi.org/10.1016/j.
enbuild.2016.11.037

Mahbob, N., Kamaruzzaman, S. N., Salleh, N.,
& Sulaiman, R. (2011). A Correlation Studies
of Indoor Environmental Quality(IEQ) Towards
Productive  Workplace. 2nd International
Conference on Environmental Science and
Technology, 6, 434-438.

Mazar, S. (2005). Stop the noise: reduce errors by
creating a quieter hospital environment. Patient
Safety and Quality Healthcare, 1-4.

Mazar, S. (2012). Creating a Culture of
Safety : Reducing Hospital Noise. Biomedical
Instrumentation & Technology / Association for
the Advancement of Medical Instrumentation,
46, 350-355.

Mendes, A. C. P. (2008). Indoor Air Quality
in Hospital Environments. Barcelona: In 20th
Congress of IFHE. XXVI Seminario de IH,
Congreso Nacional.

Ng, K. W. (2011). Green Healthcare Facilities :
Assessing the Impacts of Indoor Environmental
Quality on the Working Environment from the
Perspective of Health Care Workers. PhD Thesis.
The University of New South Wales, Sydney.
Nimlyat, P. S., & Kandar, M. Z. (2015).
Appraisal of indoor environmental quality (IEQ)
in healthcare facilities: A literature review.
Sustainable Cities and Society, 17, 61-68.
https://doi.org/10.1016/j.5¢s.2015.04.002
Norbick, D., & Nordstrom, K. (2008). Sick
building syndrome in relation to air exchange
rate, CO2, room temperature and relative air
humidity in university computer classrooms:
An experimental study. International Archives
of Occupational and Environmental Health, 82,
21-30.

Nordstrom, K. (a), Norback, D. (b), &
Akselsson, R. (a). (1995). Subjective Indoor Air
Quality in Hospitals - The Influence of Building
Age, Ventilation Flow, and Personal Factors.
Indoor Environment, 4, 37-44. https://doi.
0rg/10.1159/000463604

O’Neal, C. (2000). Infection control; Keeping
discases at bay a full-time effort for healthcare
professionals. Infection Control, 36-48.
Organization, M. and planning. (2004). Health
Building design:design guide for mechanical
services of medical surgical care unites. Islamic
republic of Iran: Management and planning
Organization (M.P.O.).

Pourshaghaghy, A., & Omidvari, M. (2012).
Examination of thermal comfort in a hospital
using PMV-PPD model. Applied Ergonomics,
43, 1089-1095.

Sadatsafavi, H., Walewski, J., & Shepley, M.
M. (2015). Factors influencing evaluation of
patient areas, work spaces, and staff areas by
healthcare professionals. Indoor and Built

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Environment, 24(4), 439-456.
0rg/10.1177/1420326X13514868
Sakhare, V. V., & Ralegaonkar, R. V. (2014).
Indoor environmental quality: review of
parameters and assessment models. Architectural
Science Review, 57(2), 147-154. https://doi.org/
10.1080/00038628.2013.862609

Salonen, H., Lahtinen, M., Lappalainen, S.,
Nevala, N., D. Knibbs, L., Morawska, L., &
Reijula, K. (2013). Design approaches for
promoting beneficial indoor environments
in healthcare facilities: A review. Intelligent
Buildings International, 5, 26-50.

San José-Alonso, J. ., Velasco-Gomez, E., Rey-
Martinez, F. ., Alvarez-Guerra, M., & Gallego
Peldez, C. (1999). Study on environmental
quality of a surgical block. Energy and Buildings,
29(2), 179-187. https://doi.org/10.1016/S0378-
7788(98)00058-9

Skoog, J., Fransson, N., & Jagemar, L. (2005).
Thermal environment in Swedish hospitals:
Summer and winter measurements. Energy and
Buildings, 37, 872-877.

Stephen Nimlyat, P. (2016). PATIENT’S
SATISFACTION OF INDOOR
ENVIRONMENTAL QUALITY In HOSPITAL
WARDS IN JOS NIGERIA. tecknology
of malaysia. https://doi.org/10.13140/
RG.2.2.27114.93126

Sundell, J. (1999). Indoor Air Sciences: A
Defined Area of Study or a Field to be Defined.
Ulrich, R. S., Quan, X., Zimring, C., Joseph,
A., & Choudhary, R. (2004). The Role of the
Physical Environment in the Hospital of the 21
st Century : A Once-in-a- Lifetime Opportunity.
Designing the 21st Century Hospital Project.
Retrieved from www.saintalphonsus.org/pdf/
cah role physical env.pdf

Ulrich, R. S., Zimring, C., Zhu, X., DuBose,
J., Seo, H.-B., Choi, Y.-S., ... Joseph, A.
(2008). A Review of the Research Literature
on Evidence-Based Healthcare  Design.
HERD: Health Environments Research &
Design Journal, 1(3), 61-125. https://doi.
0rg/10.1177/193758670800100306
Uscinowicz, P., Chludzinska, M., & Bogdan,
A. (2015). Thermal environment conditions
in Polish operating rooms. Building and
Environment, 94(P1), 296-304. https://doi.
0rg/10.1016/j.buildenv.2015.08.003
Verheyen, J., Theys, N., Allonsius, L., &
Descamps, F. (2011). Thermal comfort of
patients: Objective and subjective measurements
in patient rooms of a Belgian healthcare facility.
Building and Environment, 46, 1195-1204.
Wang, F.-J., Lee, M., Cheng, T., & Law, Y.
(2012). Field evaluation of thermal comfort and
indoor environment quality for a hospital in a
hot and humid climate. Hvac&r Research, 18,
671-680. https://doi.org/10.1080/10789669.201
2.644102

Wong, L., Mui, K. W., & S. Hui, P. (2008). A

https://doi.



eee S gl SBGEN 53 slowt 01 100 9 slowt Soiald ) 9 o Jolgs pl S

58.

59.

60.

multivariate-logistic model for acceptance of
indoor environmental quality (IEQ) in offices.
Building and Environment, 43, 1-6.

Wong, S. K., Lai, L., Ho, D., Wing, C. K., Lam,
C., & Hung-Fai Ng, C. (2009). Sick building
syndrome and perceived indoor environmental
quality: A survey of apartment buildings in Hong
Kong. Habitat International, 33, 463-471.
Xuan, X. (2016). Effectiveness of indoor
environment quality in  LEED-certified
healthcare  settings. Indoor and  Built
Environment, 25(5), 786-798. https://doi.
0rg/10.1177/1420326X15587564

Yau, Y. H.,, & Chew, B. T. (2009). Thermal
comfort study of hospital workers in Malaysia.
Indoor Air, 19(6), 500-510. https://doi.
0rg/10.1111/j.1600-0668.2009.00617.x

61.

62.

63.

YOV-Y7F Olxio /1 o 5loiis . \Y 0590 . 1 Foo (bl g 4l

Yau, Y. H., Chew, B. T., & Saifullah, A. Z.
A. (2012). Studies on the indoor air quality
of Pharmaceutical Laboratories in Malaysia.

International Journal of Susitainable Built
Environment, 1, 110-124.

Yoon, S.-H. (2008). Summary for Policymakers.
In Intergovernmental Panel on Climate Change
(Ed.), Climate Change 2013 - The Physical
Science Basis (pp. 1-30). Cambridge: Cambridge
University ~ Press.  https://doi.org/10.1017/
CB09781107415324.004

Zhao, Y., & Mourshed, M. (2012). Design
indicators for better accommodation
environments  in  hospitals: Inpatients’
perceptions. Intelligent Buildings International,
4, 1-17.

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I’

23

I

\o
(73




