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Abstract 
There exists a well-known gap between occupants and building’s energy-efficient designs. A 
comprehensive building performance diagnostic technique, Post Occupancy Evaluation 
(POE) may surpass the current evaluation method by reducing the gap between occupants 
and building’s energy-efficient design. Due to these reasons, the aim of this research is to 
identify the problems with respect to energy-efficient design which affect occupants’ comfort. 
This research focuses on the application of energy-efficient design in office building and was 
conducted on energy-efficient buildings in Malaysia. A building performance survey 
framework, Energy-efficient Building Environmental Quality Questionnaire (EBEQ2), was 
used to identify the problems affecting occupants’ comfort and buildings’ Indoor 
Environmental Quality (IEQ). The result was analyzed using Statistical Package for Social 
Science (SPSS). The research outcome shows that majority of occupants are not satisfied 
with the thermal comfort and lighting condition of the buildings. Building certified with 
sustainable building rating tools does not guarantee better IEQ performance. Thus 
continuous research is needed to ensure energy-efficient building concept is applied 
effectively in each type of building. 
 
Keywords: post occupancy evaluation; indoor environmental quality; sustainable building 
rating tools; energy-efficient building; office building. 

 
 

INTRODUCTION 
In the current situation, reducing the consumption of energy in various sectors has become the 
main agenda for sustainable development. According to United Nations Development Program 
(2009), in many countries, municipalities and public buildings have been the principal targets for 
energy efficiency programs, both at the national and local levels. The U.S. Congress drafted 
Section 914 of the Energy Policy Act (2005) to address not just more energy efficient or “green” 
buildings but rather high performance buildings that combine the objectives of reducing resource 
energy consumption while improving the environmental impact, functionality, human comfort and 
productivity of the building (National Institute of Building Sciences, 2008). Since the energy-
efficient designs of a building are aimed to fit occupants’ comfort, hence it can be said that 
occupants are the end users of a building, and their requirements and perceptions towards 
energy-efficient design can bring significant improvement to the building. 

Post Occupancy Evaluation (POE) is one of the ideal methods to analyze energy-efficient 
design of a building after occupancy. POE systematically analyzes and identifies successful 
design features to be repeated in the future (Watson, 2003). Among the benefits of POE are 
improvement of the design databases, standards, criteria, and guidance literature, better-
informed design decision-making, and understanding of the consequences of design (Preiser, 
2002). 

In this study, the term “energy-efficient building” is used as a collective term for different 
types of buildings made to reduce energy consumption. The aim of these buildings is to cope with 
the problems derived from the over consumption of natural resources mostly coal, which is used 
during buildings’ operational process. At present, there are three (3) office buildings specifically 
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designed with energy-efficient features in Malaysia, such as Ministry of Energy, Communications, 
and Multimedia office or more well known as Low Energy Office (LEO); the, Green Energy Office 
(GEO) which housed the office building for Malaysia Green Technology Corporations; and the 
Energy Commission office or known as ST Diamond. Those buildings are the initiatives 
demonstrated by the government to fully engage in the sustainable development, which is in line 
with the Vision 2020 in the effort to become a developed nation. 

The development of green building rating system such as Leadership in Energy and 
Environmental Design (LEED), and Malaysian Green Building Index (GBI) reflected the current 
focus of the building performance objectives mostly on optimizing energy and resource efficiently. 
However, according to the Department of Energy (2001), in the development of energy efficiency 
program for building, it is important to appreciate that the fundamental purpose of the building is 
neither to save nor use energy. Somewhat, the building is there to serve the occupants and their 
activities. 

Evidence from recent post-occupancy evaluations done by Abbaszadeh et al., (2006) 
suggests that, there were potential for green building to enhance the IEQ, however, they often fall 
short. Their research found out that, although some of the best green buildings can rank higher 
than the best conventional buildings in terms of occupants experience toward comfort, health and 
productivity, a few of the lowest scoring buildings on user experience are also reported as green 
building. Occupants demand high performance of energy-efficient design with the aim of 
improving their comfort. The relationship between occupants’ satisfaction and building’s IEQ can 
be positively correlated with better building performance as shown in Figure 1 (Wilkinson et al., 
2011). 

 

 

Figure 1: Correlation between occupants’ satisfaction level towards Indoor Environmental Quality 
(IEQ) and building performance (Source: Authors). 

 

According to Leaman et al. (2010), building performance analysis can be studied from three 
different perspectives such as, occupants, environmental performance and economic value, as 
shown in Figure 2. 
 

 
 

Figure 2: Building’s performance evaluation perspectives (Source: Leaman et al., 2010).  
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Occupants’ perspective towards building performance is focused on how well their needs are 
met; for the environmental performance, energy and water efficiency are assessed, and; 
economic value of building is in regard to whether the building makes economic sense, such as 
value for money or return on investment. Most of the time, client or building owner and designer 
are more interested in building’s environmental performance and economic value since these two 
perspectives have direct impact in reducing the energy cost. Thus, occupants’ perspective is 
often neglected due to its insignificant economic value. Understanding the experience of the 
buildings from the occupants’ point of view is equally important as an assessment of the 
building’s technological performance (Leaman et al., 2007) as shown in Figure 3. 
 

 
Figure 3: Occupants’ point of view is equally important as its technological performance (Source: Leaman 

et al., 2007).  
 
If a comprehensive building evaluation which encompasses occupants’ perspective is not being 
conducted to the energy-efficient building, energy-efficient building design team would not easily 
identify the problems that affect the building performance. This is because the occupants are the 
end users of the building, and the occupants’ behavior while using the building can directly affect 
the building performance. Although the development of energy-efficient building in Malaysia is still 
at the beginning stage, the industry players should focus not only on the development of new 
energy-efficient building solely and the study on the existing energy-efficient building must not be 
neglected.  

A comprehensive building performance diagnostic technique which includes occupants’ 
perspective in identifying the problems causing low performance of IEQ is needed in order to 
reduce the gap between occupants and building’s energy-efficient design. POE encompasses the 
most comprehensive building performance analysis from occupants’ perspective compared to 
other methods, whereas the variables of instruments involved are questionnaire, interview, and 
observation related to occupants’ perspective, and the period of assessment carried out is for 
after occupancy. Hence, justified by the reasons stated above, POE is the most suitable building 
assessment method from occupants’ perspective. A comprehensive building performance 
diagnostic technique, Post Occupancy Evaluation (POE) may surpass the current evaluation 
method and reduce the gap between occupants and building’s energy-efficient design. The aim of 
this research is to identify the problems with respect to energy-efficient design which affect 
occupants’ comfort.  
 

METHODOLOGY 
This research was carried out in three phases; the first phase involves preliminary study, 
literature review, and mapping of previous studies. After the completion of the first phase, the 
second phase of the research began with construction of initial survey framework, survey 
framework development, content validity test and pilot study. The third phase or the final phase 
involved preliminary study, framework testing, data collection, data analysis, and lastly 
conclusion, and recommendation.  
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Energy-efficient Building Environmental Quality Questionnaire (EBEQ2) 
The EBEQ2 was constructed based on the information gathered from previous studies or 
literature review. The information gathered were further mapped into their respective nature such 
as thermal comfort, acoustics, indoor air quality, and lighting as shown in Table 1. The 
information is crucial for the formation of the EBEQ2. 
 
Mapping previous studies 
 

Table 1: Energy-efficient design problems affecting occupants’ comfort with respect to IEQ criteria 
(Source: Authors). 

 

No. Researchers Part of energy-
efficient design 

IEQ criteria Identified problems 

1. Steemers & 
Manchanda 
(2010) 

• Air conditioning 
system 

• Natural ventilation 
system 

• Thermal 
comfort 

• Lack of occupants control over air conditioning 
system; 

•  and ventilation system (window) caused thermal 
discomfort. 

2. Wong et al. 
(2005) 

• Window  • Thermal 
comfort 

• (Large window area) Fully glazed façade cause 
thermal discomfort due to high solar gain.  

3. Mumma (2002) • Radiant ceiling 
cooling system 

• Thermal 
comfort 

• Condensation 
• Radiant asymmetry 

4. Lim et al. 
(2006) 

• Radiant floor cooling 
system 

• Thermal 
comfort 

• Floor surface condensation 
• Radiant asymmetry causes local discomfort 

5. Zhen & James 
(2006) 

• Radiant floor cooling 
system 

• Thermal 
comfort 

• Local discomfort (radiant asymmetry) 

6. Raja et al. 
(2001), 

• Natural ventilation 
system 

• Thermal 
comfort 

• Lack of occupants control over ventilation system 
(window)  

7. Hua et al. 
(2011) 

• Artificial lighting 
• Window shades 

• Lighting 
 

• Lack of occupants control over artificial lighting and; 
• window shades of the building 

8. Galasiu & 
Veitch (2006) 

• Artificial lighting 
• Window shades 

• Lighting 
 

• Limitations of current knowledge about how people 
respond to daylight (eg. artificial lighting and; 

• Window shades control). 
9. Altan et al. 

(2008) 
• Window • Lighting 

• Thermal 
comfort 

• High intensity solar radiation transmitting through the 
glazed areas can cause unwanted glare effect and; 

•  interior overheating 
10. Bülow-Hübe 

(2008) 
• Window • Lighting 

 
• The larger the window area, the greater is the chance 

that a window might create glare 
11. Wilkinson et. al. 

(2011) 
• Office layout • Acoustics • Lack of privacy 

• Noise problems 

12. Lee (2010) • Office layout • Acoustics • Poor visual privacy 
• Noise problems 

13. Muehleisen 
(2010) 

• Natural ventilation 
system 

• Window  

• Acoustics • Excessive noise 
• Lack of speech clarity and; 
• privacy 

14. Taeyon & 
Jeong (2011) 

• Window 
• Window shades 

• Lighting 
 

• Glare, darkness 
• Unqualified shade materials 
• Logic error of shade 

15. Goins et al. 
(2010) 

• Office layout • Acoustics • Lack of sound privacy 

16. O’Brien et al. 
(2012) 

• Window shades • Lighting 
• Thermal 

comfort 

• Difficulty to operate shades causing solar gain and; 
• glare 

17. Foster & 
Oreszczyn 
(2001) 

• Window • Lighting 
• Thermal 

comfort 

• Over glazed in most of the buildings (window) causing 
solar gain and; 

• glare 
18. Persson et al. 

(2006) 
• Window • Thermal 

comfort 
• Large window glass area contribute to thermal 

discomfort 
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No. Researchers Part of energy-
efficient design 

IEQ criteria Identified problems 

19. Wendt, et al., 
(2004) 

• Envelope tightness • Indoor Air 
Quality (IAQ) 

• Tight envelope aggravates potential Indoor Air Quality 
(IAQ). 

20. Paul et al. 
(2010) 

• Mechanical 
ventilation system 

• Indoor Air 
Quality (IAQ) 

• Increase dust particle and; 
• Increase moisture in building 

21. Crump et al. 
(2009) 

• Mechanical 
ventilation system 

• Acoustics 
• Thermal 

comfort 

• Mechanical ventilation system produces noise and; 
• Cold draught while in operation 

22. Yu & Kim 
(2012) 

• Envelope tightness 
• Mechanical 

ventilation system 

• Indoor Air 
Quality (IAQ) 

• Ineffectiveness of the ventilation system for removal of 
VOCs in the indoor environment of the air-tight house 

23. Jensen et al. 
(2005) 

• Office layout • Acoustics • Noise and; 
• Lack of sound privacy 

24. Pank et al. 
(2008) 

• Envelope tightness • Thermal 
comfort 

• Air-tightness of the façade cause problems with 
controlling internal temperatures and; 

•  drafts 
25. Yu et al. (2009) • Air conditioning 

system 
• Indoor Air 

Quality (IAQ) 
• Low indoor air quality pose a threat to human health 

26. Thomsen et al. 
(2005) 

• Natural ventilation 
system 

• Mechanical 
ventilation system 

• Air conditioning 
system 

• Thermal 
comfort 

• Acoustics 

• Lack of cross ventilation and; 
• lack of solar shading 
• mechanically ventilation system cause noise and; 
• draught problems 
• Noise caused by heat pump compressor 

Table 1: Continued  

 
Yu et al. (2009) carried out a research on air conditioning systems and indoor air quality control 
for human health and found that ineffective air conditioning systems could contribute to poor 
indoor air quality and the low indoor air quality poses a threat to human health, particularly for the 
everyday users.  The importance of occupants control over room temperature is further supported 
by a research done by Steemers & Manchanda (2010), according to the findings of their 
research, the results demonstrated that increased energy use in the studied buildings is 
associated with increased mechanization for example centralized air condition/ventilation, and 
reduced occupants’ control.  The results show that the reduced control in turn is related to 
reduced occupants’ comfort and satisfaction.   

A research done by Thomsen et al. (2005) in 12 solar low energy building revealed some 
of the problems encountered by the occupants toward buildings’ indoor environmental quality.  
The main reason for the high indoor temperature in Danish house is due to lack of cross 
ventilation and lack of solar shading. Besides, the mechanical ventilation system causes noise 
and draught problems.  Another project in Norwegian shows noise in the living room is caused by 
the heat pump compressor. A research done by Wong et al. (2005) in Singapore showed that 
fully glazed facade that has been increasingly used in the country due to the advantages of 
reducing lighting energy consumption has caused higher energy consumption and thermal 
discomfort owing to higher solar gain.  The use of double glazed façade system with ventilation 
system is one way to resolve these problems. 

Mumma (2002) in his research identified that radiant cooling system facing the design 
issues can contribute to problems such as condensation and radiant asymmetry.  Condensation 
may occur when the chilled ceiling panel’s temperature is lower than its enclosure’s temperature.  
Meanwhile, radiant asymmetry will occur when most of the enclosures are at 25.6 degree Celsius 
and the chilled ceiling panels at approximately 15.6 degree Celsius, a 10 degree Celsius radiant 
asymmetry temperature exists. A research by Lim et al. (2006) found that in radiant floor cooling 
system, floor surface condensation and comfort are major concerns for field application.  To 
prevent floor surface condensation, the supply water temperature could be manipulated 
according to the dew point temperature in the most humid room and in an individual’s rooms; the 
water flow rate (on/off control) can be controlled. 
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A study by Zhen & James (2006) on buildings with radiant cooling system showed that 
local discomforts are the identified problems that can cause occupants’ discomfort.  The survey 
results of the research revealed that about 14-22% of participants are in the arm-hand and the 
leg-foot region. According to Raja et al. (2001), a field study of thermal comfort of workers in 
natural ventilated office buildings in Oxford and Aberdeen, UK was carried out and it was found 
that occupants who have greater access to controls (e.g. those close to a window) report less 
discomfort than those who have less access (e.g. away from the window). A research carried out 
by Hua et al. (2011) on a LEED - Gold building, shows that occupants desired more control over 
the light and shading in their workplaces.  This may due to the fact that the large blinds controlled 
with thin strings are difficult to operate, which contributes to lack of effort from the occupants to 
adjust them for visual comfort. Furthermore, some of the occupants even de-lamped their lighting 
fixtures voluntarily in order to make the environment more suitable for work.  The findings show 
that occupants prefer to change lighting condition themselves, rather than have them 
automatically controlled and it is consistent with findings from the studies done by other 
researchers. 

Galasiu & Veitch (2006) conducted a research on occupant preferences and satisfaction 
with the luminous environment and control systems in day-lit offices, and it was concluded that 
improving the energy-efficiency of commercial building lighting should include better use of 
daylight, but that will require the development of control systems that result in luminous 
conditions that are suitable to occupants.  Their research have shown that limitations of current 
knowledge about how people respond to daylight, and particularly how they respond to 
automated photo-controlled lighting and shading controls are the main problems faced by the 
day-lit office design. A study of a glazed office building by Altan et al. (2008) shows that high 
intensity solar radiation transmitting through the glazed areas can cause unwanted glare effect 
and interior overheating during warm and sunny days, although glazed facades are able to 
maximize the daylighting with high indoor luminance in an open plan floor spaces in buildings.   

A study by Bülow-Hübe (2008) on glazed office building in Sweden identified that very 
large windows do not mean that the light is automatically better. This is because, the larger the 
window area, the greater is the chance that a window might create glare.  It can be difficult to 
achieve a glare free environment without additional measures, for example by adding interior 
curtains or blinds. Taeyon & Jeong (2011) investigated the effects of indoor lighting on occupants’ 
visual comfort and eye health in green building and  found that the indoor lighting and visual 
environment of the building were poor and the visual annoyance were caused by glare, darkness, 
unqualified shade materials, and logic error of shade. A case study of Kresge foundation office 
complex in Troy, Michigan by Goins et al. (2010) shows that although the building acquired 
LEED-platinum rating, the building is still facing significant problems in the acoustics 
performance.  Occupants have low satisfaction towards the acoustics performance of the building 
although other IEQ criteria have high satisfaction score; the research also found that sound 
privacy is the main concern of the problem. 

A review on manually-operated window shade patterns in office buildings done by O’Brien 
et al. (2012) found that the difficulty to operate shades is the reason occupants of the building 
less frequently use shades in reducing thermal discomfort or glare and tend to rely on energy-
consuming technology to achieve thermal comfort and reduce glare.  Another research also 
shows that over glazing can contribute to thermal discomfort, and according to the researcher, 
Persson et al. (2006), a larger glass area of 40% means more than double of the cooling power 
compared to the case of a 50% reduced window area. Foster & Oreszczyn (2001) carried out a 
research on occupants’ control of passive system of venetian blinds.  The research finding shows 
that majority of the blinds tend to be kept down most of the time, due to the over glazing of the 
building, thus a much smaller window can reduce thermal discomfort and glare problems. 

A research done by Wilkinson et al. (2011) shows that most of the energy-efficient 
buildings share a common problem which is lack of privacy.  The research found that high levels 
of dissatisfaction are related to the area of privacy within the offices with more than one 
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respondent noting: ‘lack of privacy in office is the biggest problem’ and ‘critical problem - lack of 
privacy’.  The overall level of satisfaction was very low for privacy.  It should be noted that lack of 
privacy is closely related to the poor acoustic performance and high rates of sound transmission 
from office to office and corridor to offices. Lee (2010), carried out a study investigating on office 
layout affecting privacy, interaction and acoustic quality in LEED – certified buildings and found 
that people in high cubicles significantly had lower satisfaction and job performance in relation to 
visual privacy and interaction with co-workers than both enclosed private and enclosed shared 
office types.  

Muehleisen (2010) identified acoustics as the least satisfaction indoor environmental 
criteria for energy-efficient building after post occupancy evaluation have been carried out in 181 
buildings.  The result shows that excessive noise, speech clarity and privacy are the types of 
acoustics problem in energy-efficient building. Jensen et al. (2005) analyzed acoustic satisfaction 
in office environments in buildings surveyed by the Center for the Built Environment (CBE).  The 
study found that office workers are significantly more dissatisfied with the lack of speech privacy 
than with the level of noise.  Occupants in open office environments are more satisfied than the 
occupants of either type of cubicle with noise and speech privacy. 

The current energy-efficient envelope is featuring air tightness with minimal 
infiltration/exfiltration to reduce energy losses.  The tight envelope can aggravate potential Indoor 
Air Quality (IAQ) problems (Wendt, et al., 2004).  Yu & Kim (2012) conducted a research on 
indoor air quality in low carbon emission house; the result shows that volatile organic compounds 
(VOCs) in energy-efficient house are higher than the conventional house.  The concentration of 
VOCs maintained for the rest of the 7-year monitoring shows ineffectiveness of the ventilation 
system for removal of VOCs in the indoor environment of the air-tight house and there was 
always a “reservoir” of VOCs existing in the house. Pank et al. (2008) reporting on sustainability 
of tall building found out that façade air-tightness is a major issue where pressure differentials 
from higher winds at the top of a building can cause problems in controlling internal temperatures 
and drafts.  Using the right window façade such as double-glazing window can reduce the 
differential of pressure.   

Paul et al. (2010) carried out a research on effect of mechanically induced ventilation on 
the indoor air quality of building envelopes.  The research findings show increases in the dust 
particle concentration level and the interior wall moisture content values by 20–50%; during the 
operation of the mechanical ventilation system.  Crump et al. (2009) found that homeowners do 
not use the mechanical ventilation systems on a continuous basis because of concerns on 
wasted energy, noise and discomfort caused by cold draughts. 
 
Questionnaire developments 
The information gathered from mapping previous studies is used for the formation of initial 
questionnaire template, IEQ variables, and the energy-efficient design variables are identified.  
The information obtained, is used to formulate the EBEQ2 survey framework as shown in Figure 
4. 
 

 
 

 

Figure 4: EBEQ2 survey framework, energy-efficient design variables and Indoor Environmental Quality 
(IEQ) variables (Source: Authors). 
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The research was carried out at three (3) showcase energy-efficient buildings in Malaysia: 
Ministry of Energy, Communications, and Multimedia office and Energy Commission office 
situated in Putrajaya, and Malaysia Green Technology Corporation office located in Bandar Baru 
Bangi. The sets of EBEQ2 survey questionnaire were distributed to the occupants of the 
showcase energy-efficient building as shown in Figure 5. 
 
 

 
 
 
 
 
 
 
 
 

(a)  Building A - Ministry of Energy, Green Technology and Water building 
 
 
 
 
 
 
 
 
 

(b) Building B - Malaysia Green Technology Corporation building 
 
 
 
 
 
 
 
 

 
(c) Building C - Energy Commission building 

 

Figure 5: Case studies of buildings selected (Source: Authors).  
 

 
RESULTS 
A total of 134 sets of questionnaire were distributed to all selected respondents from case study 
buildings, 111 sets (82.84%) were returned. The respondents during the pilot test were asked to 
answer the same questionnaire sheets after two weeks of the initial pilot test was carried out. 
This process is important to test the reliability of each question. It is hypothesized that, 
respondents will give the same answer after two weeks of initial pilot test. For test-retest 
reliability, intra-class correlation coefficients (ICCs) were computed to assess the total variance of 
the subscale between respondents when the test was carried out two weeks after the initial pilot 
test. The result of the ICC reliability is shown in Table 2. 
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Table 2: ICC Reliability of EBEQ2 (Source: Authors).  

Number of items ICC Value 
1- Gender 1.00 
2- Age 1.00 
3 - Education level 1.00 
4 - Occupational level 1.00 
5 - How many years have you been working in this building? 1.00 
6- Which floor is your workplace? 1.00 
7 - How many colleagues are working in the same area with you? 1.00 
8 - Description of your workplace. 1.00 
9 - I can still feel the heat of the sun coming through window although the window blinds in my working area has 
been pulled down. 

0.51 

10 - I can still feel the heat of the sun coming through window while sitting or standing near to the windows that 
have window shades. 

0.91 

11 - The current window blinds control system doesn’t work according to your desire. 0.62 
12 - Do your agree that a good window blinds control system contributes to better thermal comfort? 0.60 
13 - The window blinds control system often breaks down. 0.91 
14 - I have to pull down window blinds in order to reduce the heat coming from outside of the building. 0.67 
15 - There are too many windows in your workplace, causing you to feel uncomfortable due to the heat of the sun. 0.71 
16 - The current window control system doesn't work according to your desire. 0.71 
17 - Do you that agree a good window control system contributes to better thermal comfort? 0.49 
18 - The window control systems often breaks down. 0.75 
19 - The air conditioning system doesn't provide comfortable room temperature. 0.90 
20 - The air conditioning system in the office often breaks down. 0.60 
21 - Do you agree that the current air conditioning control system doesn't work according your desire 0.51 
22 - Do you agree that a good air conditioning control system contributes better thermal comfort? 0.75 
23 - The air conditioning control systems often breaks down. 0.74 
24 - The floor surface in the office is always slippery (not caused by cleaning chore) 0.84 
25 - Part of the ceiling in the office looks moist and causes water drop. 0.81 
26 - Most of the staff including you feel radiant asymmetry (local cold discomfort in the arm-hand and the leg-foot 
regions) 

0.63 

27 - The ventilation system in the office building is performing well. 0.87 
28 - Do you agree a good ventilation system contribute better thermal comfort 0.66 
29 - The ventilation system in the office building often breaks down. 0.86 
30 - Do you agree that the current ventilation control system doesn't work according to your desire. 0.88 
31 - Do you agree that a good ventilation control system contributes to better thermal comfort 0.68 
32 - The ventilation control systems often breaks down. 0.62 
33 - Your current workplace is stuffy. 0.87 
34 - Is your working area affected by odor? 0.88 
35 - The doors which connect to outside room/office building often remain unclosed/not fully closed 0.71 
36 - The windows connect to the outside room/office building often remains unclosed/not fully closed. 0.57 
37 - The natural daylight in the office building is sufficient for you to execute your work. 0.52 
38 - The position of the window in the office building is suitable in providing maximum daylight. 0.86 
39 - Do you agree that additional artificial light (eg. desk lamp) is needed while you are working? 0.89 
40 - Are you often interrupted by the glare/reflection caused by natural daylight while working? 0.91 
41 - Are the artificial lights in the office building not efficient? 0.83 
42 - The artificial lights in the office building are not often functioning. 0.70 
43 - As an occupant in the office building, do you agree that the artificial lightings are often used by you and your 
colleague? 

0.96 

44 - Do you agree that the current control system doesn't work according to your will? 0.51 
45 - Do you agree that a good control system contributes to better lighting? 0.70 
46 - The artificial lighting control systems often breaks down. 0.48 
47 - The arrangement of cubicle/working table (allowing light to permit into your workplace). 0.84 
48 - The types of working table you are using do not obstruct daylight but permit sufficient daylight while you are 
working. 

0.83 

49 - Too much of open space in the working area can cause distractions while working when others are making 
their conversation. 

0.79 

50 - Too much of glass material (partition/window) causes echo effect. 0.86 
51 - The air conditioning unit is causing unwanted noise while in use. 0.87 
52 - The mechanical ventilation system is causing unwanted noise while in use. 0.62 

 
Besides the Test-retest reliability analysis, Cronbach’s Alpha was also used to evaluate the 
internal consistency of the questionnaire. Cronbach’s Alpha is able to help to identify redundant 
item in the questionnaire. High Cronbach’s Alpha show signifies no redundant item or repeated 
questions in the questionnaire. Cronbach’s Alpha for Building A, Building B, and Building C, are 
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0.7326, 0.7065, and 0.7440 respectively, which. The numbers are greater than 0.7. Hence, it is 
concluded that, the consistency for the collected data are high and there are no redundant items 
in the questionnaire and no items are deleted. Overall, the data collected from Building A, 
Building B, and Building C are acceptable. 
 
Comparison of overall comfort with sustainable building rating tools score 
 

 
Figure 6: Overall comfort mean scores for case study building (Source: Authors).  

 
Based on Figure 6, Building B scores the highest mean value with 5.25 compared to other 
buildings.  This is followed by Building A with a mean score of 5.19 and Building C is having the 
lowest mean score among the case study buildings which is only 4.57.  The result implicates that 
the occupants from Building B have the highest satisfaction level of the building’s overall comfort 
and followed by Building A and Building C.  Although Building C has the lowest satisfaction level 
among the buildings, it is the only building that has obtained certification of sustainable building 
rating tools, Green Building Index, GBI Platinum - Malaysia and Green Mark Platinum – 
Singapore, compared to other case study building. The result implicates that sustainable building 
rating tool could not precisely predict the response or the occupants’ satisfaction towards IEQ 
comfort during building operation.  

Throughout the research, the feedbacks from the respondents show low satisfaction of 
building’s lighting condition particularly for Building A and Building C. Based on Table 3, the 
question regarding the position of the window in the office building suitable in providing maximum 
daylight, the result shows less satisfaction or agreement with the above statement. This 
correlates with the real office condition as shown in Figure 7 where some of the workplace areas 
have limited window features after renovation. Due to limitation of window features in some parts 
of the building, respondents also have satisfaction toward the intensity of natural daylight in the 
office building.  
.  

Table 3: Descriptive analysis of lighting – Building A (Source: Authors). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2	  
4.4	  
4.6	  
4.8	  
5	  

5.2	  
5.4	  

Building	  A	   Building	  B	   Building	  C	  

 N Minimum Maximum Mean 
The natural daylight in the 
office building is sufficient 
for you to execute your 
work 

54 2.00 6.00 4.2407 

The position of the window 
in the office building is 
suitable in providing 
maximum daylight 

54 2.00 6.00 3.5000 
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Figure 7: Picture showing interior of Building A with lack of window features (Source: Authors).  
 
The mean score of glare from the sun in EBEQ2 is 4.2432 as displayed in Table 4, which 
indicates that most of the respondents agree with the given statement. Throughout the execution 
of this research, some of the respondents complain about the glare problems in the building and 
they requested that the building owner to install additional shading in order to reduce glare 
caused by sunlight as shown in Figure 8.   
 
 
 
 
 
 
 
 
 
 

Figure 8: Additional blinds installed after building occupancy (Source: Authors). 
 

Table 4: Descriptive analysis of lighting – Building C (Source: Authors).  
 

 N Minimum Maximum Mean 
Are you often interrupted 
by the glare/reflection 
caused by natural daylight 
while working? 

37 2.00 6.00 4.2432 

 
 

DISCUSSION AND CONCLUSION 
 

As a conclusion, the results show that there exists a significant gap between sustainable building 
rating tools and actual building performance post building occupancy. The research also shows 
that although Building C has obtained the sustainable building rating tools certification from 
Green Building Index (GBI) Platinum – Malaysia and Green Mark Platinum – Singapore, the 
building occupants have ranked low satisfaction towards building IEQ performance. The findings 
were supported by the fact that additional features such as window blinds were added when the 
building is being used. Building A and Building B also show similar trend, additional fans as 
shown in Figure 9 have been installed for cooling purposes for the two case study buildings. 
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                                   (a) Building A                                                 (b) Building B 

Figure 9: Additional fans (Source: Authors).  
 

In summary, occupants from the case study buildings are generally indicating low satisfaction 
towards building’s thermal comfort and lighting condition.  The findings also show that satisfaction 
level of the thermal comfort correlates with the number of years the building has been used. This 
is because occupants from Building C with two years of occupancy have no problems with the 
thermal comfort compared to Building A and B which have more than two years of occupancy. 
This shows that the maintenance plays an important factor in maintaining the energy-efficient 
buildings’ IEQ performance. Besides that, the sustainable building rating tools are not effective 
enough in ensuring high performance of energy-efficient building especially in terms of IEQ. 
Building C with the certification of sustainable building rating tools, GBI – Malaysia and Green 
Mark Singapore has low satisfaction in the overall comfort. Occupants from Building C are also 
facing glare problems compared to occupants from Building A and B. This might be due to the 
fact that the designer of the building was overly focused on maximizing daylighting feature of the 
building and neglected the glare problems that may occur due to large window area. Hence, more 
research needs to be done in order to overcome the problems faced by the users of the energy-
efficient building. Post Occupancy Evaluation (POE) is crucial to get the feedback from occupants 
after the building is being used.  In conclusion, building owners, occupants, and people involved 
at the design stage of the building need to have a healthy communication among them in order to 
fill the gap between the actual building performance and the intended performance. 
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