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ABSTRACT 

A global movement towards the creation of “green” buildings is currently underway. Although driven primarily 
by an external environmental agenda such as energy or carbon, there is growing recognition that greener build-
ings could affect the Indoor Environment Quality (IEQ). However, localised green building codes, especially in 
the developing world, often do not systematically recognise IEQ or health as crucial issues, which therefore re-
main understudied. Since the developing world alone is expected to nearly double current global built floor 
space by 2050, it is crucial that green buildings perform holistically to be effective. Here, we follow 120 em-
ployees of a single organisation as they transition from four conventional office buildings to the first green 
building (GB), designed to the local Jordanian Green Building Guide. We ask if the move has a positive effect 
on occupant perception of IEQ, thermal comfort and prevalence of Sick Building Syndrome (SBS), using a re-
peated-measures protocol. Statistically significant differences in thermal conditions, positively biased towards 
the GB, were observed across the move, and this enhanced occupant thermal comfort. Surprisingly, no signifi-
cant improvement in occupant perception of air quality, visual and acoustic comfort was detected after moving 
to the GB, while odour, mental concentration, and glare were perceived to be poor in the GB and associated with 
an increase in the prevalence of SBS symptoms. Hence, our results support the growing concern that green 
buildings may create unintended consequences in terms of occupant comfort and health in the pursuit of a better 
thermal environment and energy efficiency.  
 
 
Nomenclature 
 
Ta Air Temperature °C 
Tr Mean Radiant Temperature °C 
Va Air Movement Speed ms-1 
RH Relative Humidity % 
met Metabolic Rate met  
clo Clothes Thermal Insulation Value clo  
CO2 Carbon Dioxide  ppm 
 

1 Introduction  

Much of the future growth in the construction of new buildings is expected to come from the developing 
world. For example, if we take the Global South to include China, India, Africa, the Middle East, and Latin 
America, then the expected additional built floor space by 2050 from these regions is 171 billion m2; 100 billion 
m2 of which will be in countries with no building energy regulations at the present [1]. This additional growth is 
equivalent to 75% of the current global total of 230 billion m2 [2]. Recognition of this has driven a significant 
rise in Green Building Codes (GBCs) and regulations to drive down energy consumption from buildings [3]. 

Countries in the Global South including the Middle East have developed local GBCs designed to suit the spe-
cific local needs of each region, such as the Pearl Building Rating System (PBRS) in the United Arab Emirates 
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[4], the Global Sustainability Assessment System (GSAS) in Qatar [5], and the Jordanian Green Building Guide 
(JGBG) in Jordan [6]. Most of these codes were adapted from well-established international standards (e.g. 
ASHRAE 55 [7], ASHRAE 62.1 [8]) or global green building certification schemes, such as BREEAM from the 
United Kingdom [9] and LEED in the United States [10]. While these GBCs should help reduce building con-
sumption, and so are a necessary forward-looking step, it is important at the same time to be vigilant for unin-
tended side-effects arising from the move to greener buildings [11]. Interest in the performance of green office 
buildings, in particular, has increased dramatically over the past two decades [12]. From a business perspective, 
it has been argued that a green office building not only reduces energy consumption but also improves the In-
door Environment Quality (IEQ) [13,14]. This is interpreted as resulting in more comfortable, satisfied, and pro-
ductive employees with reduced sick leave, and hence higher economic returns [14–16]. However, a green or 
energy-efficient office building per se does not guarantee a healthy indoor environment for employees. Indeed, 
green buildings are known to be particularly susceptible to unintended consequences that negatively affect the 
IEQ of workplaces and in some cases might result in “Sick Building Syndrome” (SBS)1 [17]. Given that people 
spend around 90% of their time indoors in industrialised economies, a trend towards which developing econo-
mies are likely to move, it is essential that improvements in overall building efficiency are not accompanied with 
poor IEQ [11].  

1.1 Jordanian Green Building Guide (JGBG) 

In Jordan, the JGBG was produced in 2013 to gradually replace the international LEED standard. JGBG is 
used to evaluate the performance of buildings in terms of six major aspects: IEQ, Building management, Site 
selection, Material, Water and Energy efficiency [18]. JGBG certified buildings into four categories (A, B, C, 
and D) based on the obtained credits. Although the JGBG scheme is based on LEED, it was designed to reflect 
the local Jordanian context. For example, JGBG pays great attention to energy and water efficiency, as they are 
considered the two main challenges for Jordan. It would seem that the focus on the more immediate issues of 
energy and water has resulted in the relative devaluation of IEQ, Figure 1 (Left) [6].  

In JGBG, IEQ is evaluated based on evaluation the performance of ten metrics that focus on Indoor Air Qual-
ity (IAQ), ventilation, acoustics, lighting, thermal comfort, and the innovation design of IEQ, Figure 1 (Right). 
However, eight out of ten items are elective and not considered essential areas in the overall green evaluation 
process, particularly for thermal comfort and ventilation aspects, that lack any compulsory specifications. A 
building can be certified with the highest green category ‘A’ when it achieves 80% of the total assigning credits, 
and this can be easily attained with covering the minimum requirements of IEQ items.  

Further, the occupants’ health, physical and psychological aspects are not explicitly addressed in the JGBG, 
thus little is known about the real-world performance of IEQ of certified buildings under local GBCs in Jordan 
and the wider Middle East. Given the current health crisis prompted by the COVID-19 pandemic, where poor 
IEQ is associated with the potential for increased spread of pathogens, combined with the expectation of longer 
indoor occupancy periods in the future, there is a need to ensure that GBCs not only assist in reducing building 
energy or water consumption but also provide a high-quality indoor environment for users as they promised. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

1 SBS is defined as a medical condition where the occupant of a building suffer from symptoms of illness or feel unwell for no apparent reason, 

these symptoms can be linked to time spent in the building [83].  
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Figure 1 The Relative weighting of the individual parameters in the Jordanian Green Building Guide in Jordan 
(Left), the relative weighting of the ten metrics of IEQ specified by the JGBG (Right) [6], totals for all bars in 
each plot sum to 100%. 
 

1.2 Research objectives  

This paper aims to examine whether localised GBCs improve building performance, occupant satisfaction 
and health compared to conventional buildings. We address this aim using the JGBG in Jordan as a case study, 
with the following objectives: 

• To assess the IEQ (thermal conditions and indoor air quality) experienced by occupants of the first – 
and only – JGBG-certified office building against those experienced by them in their previous con-
ventional office buildings. 

• To investigate if moving from conventional office buildings to a certified green office building has a 
positive effect on the perceived comfort of IEQ, perceived health and the environmental attitude of 
occupant.
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2 Current literature 

The role of GBCs in improving the performance of IEQ and its effect on employee satisfaction and health 
have become a primary concern. There is a good amount of empirical research investigating the IEQ of green 
office buildings certified under international codes (e.g. LEED, BREEAM) or localised codes, such as ‘EEWH’ 
in Taiwan, ‘Green Mark’ in Singapore, and ‘Green Star SA’ in South Africa, summarised in Table 1. Seven out 
of sixteen studies in Table 1 have assessed BREEAM buildings in the UK [19], LEED buildings in USA [20–22] 
and in other countries that imported LEED, such as Sri Lanka [23], Hong Kong [24], and Jordan [25]. It is 
somewhat surprising that no improvement in occupant satisfaction of IEQ was reported in all these studies ex-
cept one [22]. The observed results were either lower satisfaction in all or some of IEQ metrics [23,25] or no 
significant differences were reported in employee satisfaction between green buildings and conventional build-
ings [20,24]. 

On the other hand, seven out of nine studies [26–32], that assessed the performance of certified buildings un-
der localised GBCs observed improved satisfaction, wellbeing, perceived air quality, and self-reported produc-
tivity in the green buildings compared to conventional buildings (two had lower [33,34], whereas one did not 
have a comparator [26]). If we assume a direct relationship between perception and performance, these results 
suggest that buildings under localised GBCs outperform buildings with international green building certification 
in terms of IEQ, when they are compared to conventional buildings.  

In the Middle East, there are approximately 1,200 green buildings built to a range of global and localised 
GBCs, of which 28 are in Jordan [6,35]. A survey of the literature demonstrates that little is known about the as-
built performance of these green codes, with only one study investigating the IEQ performance of LEED build-
ings in this region done by the authors [25], and one study undertaking energy performance monitoring [36]. 
Instead, current literature in the Middle East has focused primarily on theoretical analyses of the benefits or ap-
plicability of green buildings mostly for new-build [37–39] but also in terms of retrofits [40]. Some studies have 
also examined the applicability of international GBCs in the region [41,42] including the broader links with sus-
tainability and the United Nations Sustainable Development Goals [43] and urban planning [44]. Remarkably, 
there is no study examining the role of localised GBCs in improving the IEQ and occupant experience in the 
region, whether on a theoretical basis or from a performance standpoint. Overall, however, it is clear that a study 
looking at IEQ in the Middle East region is both timely and necessary, to add to the growing body of evidence 
on the relative impact of IEQ between conventional and green buildings.  

 

Table 1 Summary of research evaluated the performance of IEQ in localised GBCs in different countries. CB indicates conventional building 

and GB indicates certified-green building. 

Study GBC Country Buildings 

(n) 

Responses 

(n) 

IEQ Evaluation 
method 

Findings  

International  GB CB GB CB   

[19] BREEAM UK 2 2 111 91 Survey Lower satisfaction 

[20] LEED USA 65 79 10,129§ 11,348 Survey No difference 

[21] LEED USA 4֯ - 593* - Physical measures + 
survey 

Lower satisfaction 

[22] LEED USA 6 4 69 40 Physical measures + 
survey 

Higher cognitive 
function and lower 
sick leave. 

[23] LEED Sri Lanka 1 1 70*  - Physical measures + 
survey 

Lower satisfaction 
in thermal comfort 
and ventilation  

[24] LEED Hong Kong 2 1 99 117 Survey No difference 

[25] LEED Jordan 5 8 261 241 Physical measures + 
survey 

Lower satisfaction 

Localised        

[26] Green Star Australia  1֯ - 238* - Survey Higher satisfaction 

[27] EEWH Taiwan 3  2 134 99 Physical measures + Higher satisfaction  
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  survey 

[28] Green Mark Singapore  1 

 

1 32 33 Physical measures + 
survey 

Higher satisfaction  

[29]  China's Green 
Building Label-
ling 

Mainland of 
China 

10 42 500 500 Physical measures + 
survey 

Higher satisfaction  

[30] Three-Star Mainland of 
China 

- - 1,892 2,194 Online survey Higher satisfaction 

         

[31] KGBCC R.O. Korea 2 2 222* - Survey Higher satisfaction 

[32] Green Star SA South Africa 3  2 211 

 

69 Survey Better wellbeing, 
productivity and 
perceived air quality  

[33] Green Star Australia 4 4 600* - Physical measures + 
survey 

Lower satisfaction  

[34] Green Star SA South Africa 1֯ - 161 79 Survey Lower perceived 
productivity, physi-
cal, and psychologi-
cal wellbeing  

Notes:  
*Sample size per building type not provided. 

§ Refers to data contained within the Centre of the Built Environment (CBE) database at the University of California, Berkeley. 

 ֯ Number of surveyed conventional buildings is not provided.  

 

3 Materials and methods  

Extant research on the quality of the indoor environment in green buildings falls into two classes of research 
design. One class of studies uses a between-subjects design, where simultaneous or near-simultaneous Post Oc-
cupancy Evaluations (POE) to compare green and conventional buildings is undertaken [19,20,23]. The main 
strength of this research design is its ability to capture aleatory variability, especially if done at scale, thus pro-
ducing more generalizable results. However, a potential weakness of this design is that the buildings, organiza-
tions, job types, management strategies, and psychological work environment might be fundamentally different, 
raising questions of comparability in studies that use small samples. The second class of studies is the repeated-
measures design, where the comparison is between the same sample of occupants when moving from conven-
tional to green buildings [14,32,34]. Such studies usually ask respondents to rate the IEQ conditions in the old 
‘non-green’ offices and the new green offices, often after they have moved to the new building. Hence, although 
such studies provide clear control over differences in job types, organisational, cultural, and idiosyncrasies tied 
to particular respondents, and are thus suited to smaller-scale study, the results need to be interpreted with cau-
tion given the risk of memory bias or biases arising from nostalgia for the old building or a neophilic response to 
the new one.  

Our study falls into the second class, i.e. a longitudinal research design with repeated measures. We follow 
the same occupants working in the same organisation, a commercial company in Jordan, as they move from four 
conventional office buildings to a single JGBG-certified “green” building. The repeated measures research de-
sign is a well-established method for controlling participant variability between pre- and post-conditions, where 
the results can be considered more rigorous [45]. As the confounding variables of age, gender, job role, organi-
sational differences, etc. are well-controlled, we expect a very sensitive measure of the effect of the building 
type on occupants [46]. The data collection methods included five variables covered buildings and their occu-
pants’ performance [47] (Table 2). 
 

Table 2 The performance variables are evaluated in the conventional buildings and the certified-green building in this study. 

Type Aspect Method  Metric  

Objective 

Building performance 

(Thermal conditions + 
IAQ)  

Longitudinal measures + 
spot measures 

Air temperature (Ta), Mean radiant temperature (Tr), Rela-
tive humidity (RH), Air speed (Va), and Carbon Dioxide 
concentration level CO2 

Subjective Perceived comfort  Survey  Self-reported 
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Thermal comfort  Survey + spot 
measures 

Thermal Sensation Votes (TSV), Thermal Preference Votes 
(TPV), Predictive Mean Votes (PMV), Clothes thermal 
insulation (clo), and Metabolic rate (met) 

Perceived health  Survey  Frequency of symptoms of Sick Building Syndrome (SBS) 

Occupant environmental attitude Survey Self-reported 

 

3.1 Study description  

This study consists of two phases (Figure 2). Phase I (pre-moving, Jul - Nov 2017) involved surveying 120 
employees with co-incident monitoring of the indoor environment parameters, spread over four medium-sized 
conventional office buildings. Phase II (post-moving), using identical survey and sensor instruments, was con-
ducted in two waves. The first wave was between Jul - Nov 2018, six months after the employees transitioned to 
the new green building to capture early reactions to the move. The second wave was undertaken between Jan – 
Feb 2019, twelve months after transitioning to account for the fact that 90% of new buildings display poor con-
trol performance in the first year of operation and there is hence a period of “bedding in” [48]. All the buildings 
are located within a 1.5 km radius of each other in Amman, north-western Jordan, reducing logistical burden, 
and providing external climatic and environmental homogeneity. Gatekeeper consent (via the upper manage-
ment), as well as prior informed consent from all participants were obtained. Ethical approval was obtained us-
ing the approved university procedures. The organisation, buildings, and participants have been anonymised for 
security and data privacy. Hence, we refer to the four conventional buildings as buildings CB1, CB2, CB3, and 
CB4, while the green building is referred to as building GB.  

 
 

 

 

Figure 2 Research design timeline and data collection; n_CBs � 4; n_GB � 1; n_�occupants	�CBs	� � 120; n_�occupants	�GB	� � 102. 
Length of bars indicates months in which data were collected. All phases involved longitudinal and periodic cross-sectional data collection.  

 

3.2   Buildings’ description 

Table 3 compares the buildings’ attributes and key characteristics of the CBs and GB. All surveyed buildings 
in this study are office buildings (Figure 3). The CBs were owner occupied, except CB4 was multi-tenanted. 
CBs were constructed approximately 20 years ago and complied with the legislation and building regulation for 
the Municipality of Greater Amman at that time. All CBs have cellular (for single occupant) and shared (2 - 3 
occupants) offices.  

The green building under this investigation is the first building rated under the JGBG in Jordan, where it re-
ceived the highest possible rating of ‘A’. It is also LEED-Platinum certified. It was completed and occupied by 
January 2018. The majority of the building’s layout is open with no partitions, with few numbers of cellular of-
fices are occupied by the upper management staff. The GB achieved 67% and 72% of the IEQ requirements 
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specified by the LEED and JGBG, respectively (Table 4). In addition to passive design features, such as appro-
priate building orientation and window shading, the GB includes renewable generation in the form of facade-
integrated 300 Wp monocrystalline photovoltaic panels with an efficiency of 20%. According to the elective 
requirement in JGBG, a computer energy modelling of the building was produced at the time of the design stage 
using e-QUEST software. The expected savings in energy consumption were 39% compared to the building en-
ergy baseline model. It is noteworthy, however, that there is some debate on the quality and reliability of results 
in energy modelling [49,50], so such predictions need to be viewed carefully. 
 
Table 3 Description of the conventional buildings (CB) and certified-green office buildings (GB), * M.M refers to Mixed Mode ventilation 
system, ** refers to Low volatile organic compound 

Feature CB1 CB2 CB3 CB4 Certified-GB 

Occupants (n) 26 27 37 30 102 

Building size (m2) 750 2,000 550 600 8,642 

No. of floors 3 2 2 1 10 

Occupants have view to the exterior (%) 65 55 40 53 23 

Lighting fixtures  Halogen incan-
descent 

Fluorescent Fluorescent Fluorescent High efficiency 
LED 

Ventilation system* M.M M.M M.M M.M Energy recovery 
ventilators 

Heating and cooling Wall split air-
conditioner 

Multi-split 
units 

Wall split air-
conditioner 

Wall split air-
conditioner 

Variable refrigerant 
flow system (VRF) 

Operable windows � � � �  

Control temperature � � � � (Only operating 
manager) 

Control lighting  � � � � (Occupancy sensor 
systems) 

Low VOC interior finishes**      � 

 

 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 (a and b) Examples of conventional office buildings in this study, (c) external photo of the green office building showing BIPV 
panels, (d) view of the interior in the GB shows the open plan workplace, and (e) view of the interior in CB1 sows shared office. 

(a) (a) (b) (c) 

(d) (e) 

Jo
urn

al 
Pre-

pro
of



 

8 

 

 

Table 4 The fifteen metrics of IEQ were passed by the GB to be certified under LEED and JGBG, * indicates prerequisite that should be 

achieved before starting the green certification process, all items in the table are elective except the two noted items, note: other six IEQ 

items specified by LEED and JGBG were excluded from the table, as they were not achieved by the GB 

Item LEED JGBG 

Minimum indoor air quality* �  �  

Indoor CO2 level less than 1,100 ppm � � 

Environmental Tobacco smoke control* �  �  

Outdoor air delivery monitoring �   

Increased ventilation  �  � 

Construction IAQ management plan-during construction �   

Construction IAQ management plan-before occupancy �   

Low emitting materials-adhesives and sealants �   

Low emitting materials-paints and coating �   

Indoor chemical and pollutant source control �  � 

Controllability of systems-lighting �  � 

Thermal comfort-design �  � 

Thermal comfort-verification �   

Artificial light  � 

Acoustics performance  � 

 

3.3 Physical measurements 

To complement the survey (Section 3.4) and ensure representative coverage across the buildings, i.e. the CBs 
and GB, longitudinal objective sensor data for both thermal conditions and IAQ were needed at an adequate spa-
tial resolution (see installation 3.3.1). There is a wide variety of sensing that has been employed in the literature 
covering several metrics, such as lighting [51], ventilation [52], and noise level [53]. However, the most com-
mon are indoor air temperature (Ta) and relative humidity (RH) for thermal conditions, and indoor (CO2) con-
centration level for IAQ  [52,54,55].  

The CBs in our study have concurrent mixed-mode ventilation, which refers to a combination of natural ven-
tilation from manually operable windows and mechanical ventilation system [56]. The GB is fully mechanically 
heated, ventilated, and air-conditioned through air handling units with a fixed set point. Meaning that the indoor 
conditions would rarely change at a frequency higher than one hour. As it was convenient to do so, a highly con-
servative record frequency of five minutes was selected. The data were collected using rigorously tested and 
calibrated Raspberry-Pi based sensors (Figure 4. a & b), as they have proven suitable for longitudinal field stud-
ies [63]. These were assembled in two varieties: one device to monitor Ta and RH together and the second dedi-
cated to CO2 concentration levels. Given that SBS symptoms or other occupant performance-related effects, i.e. 
perceived comfort can take four weeks to manifest [59], and the need to minimise seasonal effects, the physical 
measures  were conducted in CBs for five months between Jul – Nov 2017 (i.e. one month before the admin-
istration of the survey and continued for three months after). In the GB, physical measures continued for eight 
months between Jul 2017 and Feb 2019 to replicate the survey.  

Further, we benchmark the longitudinal sensing using periodic cross-sectional “spot” measurements using 
ISO7726 [60] and ISO7730 [61] compliant equipment ‘SWEMA’ [62] (Figure 4. c). The cross-sectional meas-
urements were undertaken three times over the study period (i.e. once in CBs and twice in the GB) (Figure 2). 
These had a two-fold purpose: (i) to enable verification of the longitudinal data for air temperature and relative 
humidity such that any persistent errors could be identified and (ii) obtain co-incident measurements of mean 
radiant temperature (Tr) and air speed (Va), necessary for evaluating PMV. The measurement period was five 
minutes for each workstation: two minutes to account for the temperature sensor’s time constant and three addi-
tional minutes to obtain a stable reading of the PMV. The technical specifications for used sensors and instru-
ments are given in Appendix A.  
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3.3.1 Sensor installation 

In both building types, four factors were considered to calculate the required number of Raspberry-Pi based 
sensors for each building. Factors are namely, the net internal area, temperature differential, HVAC vents and 
the employment density of full-time employees. This resulted in one sensor per 30 m2 (Table 5). Sensor clock 
times were carefully set to ensure observations can be synchronised at analysis, as all sensors were set to offline 
logging mode. This was done to avoid the need for an internet-driven clock setting (e.g. in [63]), which is sus-
ceptible to clock errors if connectivity is lost. The installation of sensors was as following:  

• In the CBs (Phase I): the four office buildings were provided by 40 sensors, which were installed 
between Jul to Nov 2017. Sensors were located in both shared and private offices and were posi-
tioned on the employee’s desk or in a safe place away from local sources of radiation (e.g. window, 
heater, PC monitor) at a height of 80 - 110 cm from the ground level to reduce the ambient ground 
temperature affecting the reading (Figure 5. a - d).  

• In the GB (Phase II): the building was provided with 38 sensors between Jul 2018 to Feb 2019. 
Sensors were distributed on the four floors and were located mainly in the open-plan area, as it rep-
resents the majority of the typical floor area, though some cellular offices were also monitored for 
completeness, the same criteria for positioning the sensors in BCs were followed in the GB (Figure 
5. e & f).  

 

Table 5 Installation of sensors in the monitored buildings, ‘F’ indicates the floor number within the building, sensor totals per building in 
bold. 

 

 

 

 

 

 

 

Building CB1  CB2  CB3  CB4 GB  

Floor F1 F2  F1 F2  F1 F2  F1 F1 F2 F3 F4  

Ta + RH 2 8 10 2 6 8 4 4 8 14 10 10 10 2 32 

CO2 1 - 1 1 - 1 - 1 1 2 2 2 2 - 6 

Figure 4 (a) The Raspberry-Pi based sensors (Ta + RH), (b) CO2 sensor, and (c) SWEMA instrument position on employee’s desk. 
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3.4 Survey 

To aid in comparison with other studies, our survey utilised existing survey instruments to cover the follow-
ing four broad areas: 

1. Perceived comfort of IEQ assessed using the World Green Building Council for Health, Well-
Being, and Productivity in offices questionnaire [64]. It consists of 13 questions on a 5-point satis-
faction scale. The questions cover four main IEQ parameters namely IAQ, temperature, lighting, and 
acoustics, also four secondary metrics, including privacy, biophilia, odour, and view. 

2. Occupant thermal comfort was assessed using the widely used ASHRAE seven-point scale, which 
measures the TSV and TPV [7]. The metabolic rate of participants was calculated using the standard 

Figure 5 (a & b) Example of installation the Ta, RH, and CO2 sensors on employee’s desk in the CBs, (c & d) sensors positioned in a safe 
place at high 110 cm in CBs, (e) example of installation the sensors in the open plan area in the GB, and (f) example of installation the 
sensors in a cellular office in the GB 
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tables provided by ASHRAE 55 and ISO 8996 [65]. As all buildings monitored in this study were 
used as offices and occupants were involved in typical office tasks (e.g. reading, writing, and com-
puter typing), a light metabolic load of [1.00 - 1.30 met] was assumed throughout. Occupant clothing 
thermal insulation was assessed using ASHRAE 55 and ISO 9920 [66] and ranged between [0.70, 
1.00 clo] in summer in both building types, while in winter (GB only) it had a higher range of [1.09, 
1.20 clo]. 

3. Perceived health was evaluated by assessing the SBS symptoms. The Health and Work Performance 
Questionnaire produced by the World Health Organization (WHO HPQ) is used [59]. The frequency 
of SBS symptoms was evaluated by asking the participants how much they were bothered by each of 
a group of ten medical symptoms (e.g. headache, irritated skin, itchy eyes, and other general symp-
toms) in the 28-day preceding the survey date. The questions were on a 5-point response scale, 
ranged between 'not at all’, ‘a little of the time’, ‘some of the time’, ‘most of the time’, and ‘all of the 
time’. 

4. Occupant environment attitude was assessed using the Environmental Attitude Inventory (EAI) 
[67], it consists of eight questions that measure the occupant tendency to be green.  

 
Since most of the participants spoke Arabic as a first language, the survey questionnaire and consent form 

were translated into Arabic by a ‘sworn translator’ who has a high level of education and experience. The accu-
racy of the translation was verified as follows. The translated survey – without the English original – was sent to 
five university students fluent in both Arabic and English, and they were asked to translate it back to the English. 
Based on their suggestions, minor refinements, such as deletion of overlapping terms were made. The English 
originals were retained alongside the Arabic translations in the final questionnaire. The questionnaire was paper-
based and distributed alongside a consent form to the employees in the selected buildings (see Appendix B).  

The surveys were administered in three rounds, the first was in the CBs (6-month pre-moving), the second 
and third rounds were in the GB (at 6 and 12-month post-moving, respectively). Participants were asked not to 
discuss their responses with anyone else. Average survey completion time was approximately five minutes. As 
the participants were tracked across the two phases of the study, each participant was identified using a unique 
identification code (ID), using the first two letters of the participant’s forename followed by the first two letters 
of surname and month of birth (e.g., MA AL - 4). 

3.4.1 Sample size 

Initial sample size estimation for the paired samples t-test required for before-and-after comparison, assuming 
a medium effect size of �	= 0.5 and power of 0.95, suggested a total sample size of 76 would be adequate in 
each phase of the experiment [68]. This minimum sample size was exceeded in this study, as the Phase I and 
Phase II sample sizes were 120 and 102 respectively. Over recruitment, in addition to improving the power of 
statistical tests, covers for study vulnerabilities, such as subject dropout or invalid survey responses. The overall 
demographic distribution was nearly identical in the two phases (Appendix C). 

3.5 Analysis methods 

As is customary in Jordan, weekdays were defined as Sunday to Thursday. Normal working hours were de-
termined through management to be between 0900 and 1700 and this period was hence used to define working 
hours for analyses. The analysis was done using R [69], including packages from the ‘tidyverse’ family 
[70],‘comf’ [71], and ‘cowplot’ [72]. The data analysis process was as follows: 

• For the sensor data (where the response variable is numerical and continuous on a ratio scale as in 
the case of temperature (°C), relative humidity (%), air speed (ms-1), and CO2 concentration (ppm), 
we use Welch’s heteroskedastic t-test to test the null hypothesis that there is no difference in the 
mean measurements between the two types of buildings. This is a common form of the t-test which 
assumes that samples follow a normal distribution, without assuming equal variance. Confidence in-
tervals are reported together with the differences between groups. Here, effect sizes are reported us-
ing Cohen’s well-known � metric, calculated using [73]: 
 

� � �μa − μb�/� 
(1) 
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where μa represents the sample mean in one group, μb the mean of the other sample and �	 the 
pooled variance of the samples. Further, the objective measures from the GB are compared to the 
JGBG recommended ranges of thermal conditions and indoor CO2 levels, which are based on 
ASHRAE 55 and ASHRAE 62.1 standards. 

• For the survey data, each respondent provided a pair of scores, xCB from Phase I and xGB from Phase 
II 2. Since we are interested in the consistent difference of participant outcomes (e.g. perceived com-
fort, perceived health) pre- and post-moving to the GB, the paired samples t-test was used due to its 
suitability for studies with repeated measures [74]. In comparing thermal comfort data, TSV was 
evaluated as “comfortable” within [-1 and +1] [7], whereas PMV was evaluated between [-0.5 and 
+0.5] [61], as is common in studies of this kind [75]. The paired samples t-test is once again used to 
compare the mean scores between the TSV and PMV in each phase of the study.  

• The proportion of occupants who experienced any SBS symptom for ‘some of the time’ was calcu-
lated and compared to the ASHRAE 62.1 threshold of 20%, thus we can investigate whether build-
ings would classify as exhibiting SBS. 

4 Results  

Here we present the results of the objective data (building performance) and subjective data (perceived com-
fort, thermal comfort, and perceived health), and analysis using the methods presented in Section 3.5 above.   

4.1 Building performance 

Each building had its Ta, RH CO2 measured 288 times per day for 149 days. Figure 6 presents density plots of 
the observed air temperature between 0900 and 1700 from the longitudinal monitoring during summer 2017 (Jul 
– Nov) in CBs, summer 2018 (Jul – Nov) and winter 2019 (Dec – Feb) in the GB. In the plots for summer, there 
is a clear downward trend in temperatures between July and November across both building types, but the gradi-
ent is much steeper in the mixed-mode CBs (~ 2.2 K per month) compared to the fully mechanically air-
conditioned GB (~ 0.4 K per month). During the winter season, the mean air temperature in the GB was stable 
between December to February (cross-monthly mean = 20 °C, s = 1 °C). 

Figure 7 shows in boxplot the distribution of the Ta, RH, and CO2 varied across monitored buildings during 
the same monitored period. Several effects are immediately apparent, for example, the GB is notably lower than 
the CBs in its mean daily Ta and RH measurements.  

Further, there were various sources of repeated sampling within the data. For example, each building had its 
Ta, RH and CO2 recorded every day for five months, repeated over two years. To deal with the non-
independence this introduces to the data, the analysis used linear mixed-effects models. The sole fixed-effects 
predictor was a binary variable coding whether each building was green or conventional. Month and a code rep-
resenting each building’s unique identity, were entered as random effects to see how much of the residual vari-
ance in the Ta, RH, and CO2 measures could be explained by these identifiers once the effects of being a green 
building had already been accounted for.  

The results of these models are presented in Table 6, which shows that the mean daily air temperature is sig-
nificantly lower in the GB than in CBs, with a mean difference of 2.26 °C. Mean daily relative humidity was 
also significantly lower in the GB, with a mean difference of 11.9%. On the other hand, mean daily CO2 concen-
tration was not significantly different across the two classes of building.  

Table 6’s overview of the model’s random effects shows that month explained most of the variance in mean 
daily air temperatures (56%) once any differences attributable to green building status were accounted for. The 
month was a poorer predictor of RH, however, explaining only 12% of the variance in measurements, after green 
building status was accounted for. The majority of the variance in RH measures that could not be explained by 
green building status was still unexplained even after the month and building identity were included in the model 
and so must arise from variables we have not considered here.  

The majority of residual variance in the mean CO2 level was also left unexplained here, although it is notable 
that, for this outcome, individual building identity is a more important predictor than for Ta and RH. Specifical-

 

2 The paired sample t-test requires “before” and “after” pairs of observations. In our case, we have “after” observations in two waves (6-month 

and 12-month after moving to the GB) (Figure 2). A comparison of data from both waves suggests no significant difference in occupant responses 

between the two waves (see Appendix D). We choose the second wave data as the “after” component of our pair as it commences 12-month into 

occupation when the majority of issues to do with commissioning and operating new buildings are likely to have been solved, as suggested in the 

literature [48]. 
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ly, individual differences from one building to another accounted for 26% of the variance in CO2 readings once 
any effects of green building status had been considered. This suggests that some buildings intrinsically and 
consistently have higher levels of CO2 than others. Based on Figure 7, it appears that CB3 and GB generally 
have higher mean scores of CO2 concentrations than the other three buildings.  

Table 7 presents the mean, �-value and effect size (Cohen’s	�) for the spot measures of four thermal comfort 
metrics namely Ta, Tr, RH, and Va conducted in Aug 2017 in CBs and Aug 2018 in the GB. These variables 
were used to calculate the PMV along with clo and met values. Also, Table 7 shows the results of the t-tests 
suggest rejecting the null hypothesis of no differences between the mean scores for all measured variables (�-
value < 0.05), with medium to large effect size. The GB had a slightly lower mean of Ta and Tr compared to the 
CBs with a difference of 0.6 °C and 1.4 °C respectively. Similarly, the GB had lower mean of relative humidity 
(mean = 36.6%, s = 3) compared to CBs (mean	= 40.5%, s = 6.4). Observed indoor air speed in both building 
types was always less than 0.2 ms-1 (mean = 0.13 ms-1, s = 0.11). 
 

 

 

 

Figure 6 Monthly observed indoor air temperature distribution evaluated on working days between [0900 – 1700]. Summer (S) in the 
conventional buildings (CB) is over July – Nov 2017, whereas it is Jul – Nov 2018 for the green building (GB). Winter (W) data is only 
for the GB over Dec 2019 – Feb 2020, the dashed line represents the mean score for each month. 
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Figure 7 Box plots of the variation in air temperature (Ta), relative humidity (RH), and CO2 across all monitored buildings using continuous 
measurement data between Jul 2017 and Feb 2019, (CB indicates conventional buildings and GB indicates green building), whiskers indi-
cate the minimum and maximum scores, black dots indicate outliers. 

 

Table 6 The results of linear mixed effects models. 

 
Table 7 Results of t-test and descriptive statistics of data from spot measures of thermal conditions pre- and post-moving to the GB during 

Aug 2017 in CBs and Aug 2018 in the GB, ** � < 0.01, *** � < 0.001. 

 CBs (Pre-moving) GB (Post-moving)      

Parameter (M ± SD) (M ± SD) CI 99%   df � -value Effect size (�) 

Ta (°C) 24.11 ± 1.65 23.52 ± 0.62 0.11 1.10 2.44 62.59 0.01** 0.48  Medium 

Tr (°C) 25.32 ± 1.95 23.91 ± 0.80 0.95 2.11 4.76 65.20 0.00*** 0.93  Large 

RH (%) 40.51 ± 6.46 36.51 ± 3.00 2.02 6.04 3.99 69.10 0.00*** 0.79  Large 

Va  0.09 ± 0.07 0.01 ± 0.00 0.06 0.10 8.28 49.00 0.00*** 0.79  Large 

 

4.2 Perceived comfort of IEQ 

While the GB outperforms the CBs in terms of the measured thermal conditions (as seen in 4.1), it is neces-
sary to obtain a picture of occupant perception of the obtained IEQ. Therefore, the occupants perceived comfort 
over thirteen perceptual IEQ metrics were compared between Phase I and Phase II. These metrics are grouped 
into five aspects: IAQ, temperature, visual comfort, acoustic comfort, and secondary metrics.  

Figure 8 compares between the two building types and shows the distribution of occupants’ satisfaction to-
wards the individual IEQ metrics, that were almost comparable among both study phases. 

    Random effects 

Outcome Obs. Intercept

 (95% CI)

Effect of green building 
status (95% CI)

Total residu-
al variance

Building ID Month Unexplained variance 

Mean Ta 

(°C) 

622 25.71

(23.86 – 27.55)

-2.26

(-4.07 – -0.45)

6.38 0.66

(10%)

3.56

(56%)

2.16 

(34%) 

Mean RH 

(%) 

623 42.17

(41.40 – 42.94)

-11.89

(-13.11 – -10.67)

3.06 0.29

(9%)

0.38

(12%)

2.39 

(78%) 

Mean CO2 

(ppm) 

473 559.40

(471.76 –647.04)

125.67

(-59.93 – 311.28)

27147.73 6979.16

(26%)

834.23

(3%)

19334.34 

(71%) 
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 In the CBs, control lighting and odour had higher mean scores of satisfactions, whereas moving to the GB 
has increased the mean score of occupant satisfaction of view, fresh air, and temperature (winter). However, 
these differences were not statistically significant (�-value > 0.05), as illustrated in Table 8.  

The results of the paired samples t-tests fail to reject the null hypothesis of no significant differences in the 
mean scores of occupant satisfaction between both building types for ten metrics, namely, noise, temperature 
(winter and summer), lighting, biophilia, privacy, view, air quality, and control over temperature and lighting (�-
value > 0.05). The only significant differences in mean scores were observed in odour	� �101� � −4.22, � �

	0.001, � � 	0.36�, mental concentration	� �101� � −1.95, � � 	0.02, � � 	0.21�, and glare � �101� � 	2.03,

� � 	0.04, � � 	0.20�,	which are seen to be statistically significant but with a small effect size. These three met-
rics had lower mean scores after moving, hence they were perceived worse in the GB. 

 Therefore, it can be stated that occupants who moved to the GB did not show any notable improvement in 
the overall perceived comfort. Figure 9 compares the overall mean scores of occupant satisfaction with all IEQ 
metrics in the CBS and GB, that were almost equal pre-moving (mean = 2.61) and post-moving (mean = 2.69). 
However, mean scores in both building types were lower than the neutral midpoint (i.e., three) on a scale ranged 
between strongly dissatisfied (1) and strongly satisfied (5) suggesting that at no point were occupants overall 
satisfied with their workplace, whether in the GB or not. 

 
 

 
 

Figure 8 The distribution of occupant satisfaction of thirteen IEQ metrics pre- and post-moving to the GB, satisfaction score from (1) strong-
ly dissatisfied to (5) strongly satisfied, and (3) represents the neutrality,	n_CBs � 120, n_GB � 102, (statistical analysis in Table 8). 
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Table 8 Statistical analysis of differences in mean scores of occupant perceived comfort pre- and post- moving to the GB. 

 * significant at � < 0.05; *** significant at � < 0.001; n.s. indicates not significant.  

 Mean score ∈ [1,5]      

IEQ parameter 
CBs 

(Pre-moving) 

GB 

(Post-moving) 

CI 99%     �-value Effect size (�) 

IAQ        

Overall air quality 2.55 3.49 0.94 1.23 5.24 0.17 n.s.  0.13  Negligible 

Temperature          

Temperature (winter) 2.65 2.8 0.15 0.45 0.97 0.33 n.s. 0.09  Negligible 

Temperature (summer) 2.92 2.75 -0.16 0.14 -0.89 0.18 n.s.  0.04  Negligible 

Control temperature 3.61 3.56 -0.04 0.25 -0.26 0.39 n.s.  0.06  Negligible 

Visual comfort         

Natural lighting 2.85 3.23 0.37 0.67 2.02 0.97 n.s.  0.11  Small 

Glare 2.17 1.94 -0.22 0.03 2.03 0.04*  0.20  Small 

Control lighting 3.61 3.56 -0.04 0.25 -0.26 0.39 n.s.  0.06  Negligible 

Acoustic comfort         

Noise 3.29 3.13 -0.16 0.09 -1.04 0.14 n.s.  0.17  Negligible 

Mental concentration 2.95 2.65 -0.30 -0.04 -1.95 0.02* 0.21  Small 

Secondary metrics         

Odour 2.72 2.03 -0.68 -0.41 -4.22 0.00*** 0 .36  Small 

Privacy 2.58 2.46 -0.11 0.21 -0.59 0.27 n.s.  0.12  Negligible 

View 2.75 3.33 0.58 0.92 2.91 0.99 n.s.  0.04  Negligible 

Biophilia 1.73 1.45 0.27 0.49 2.09 0.98 n.s.  0.15  Negligible 

 

 

Figure 9 Overall mean score of occupant satisfaction in both study phases, satisfaction score from (1) strongly dissatisfied to (5) strongly 
satisfied, and (3) represents the neutrality, whiskers indicate the minimum and maximum scores, black dots indicate outliers, red star indi-
cates mean score. 

 

4.3 Thermal comfort 

Figure 10 and Table 9 show the distribution of the observed Thermal Sensation Vote (TSV), Thermal Prefer-
ence Vote (TPV), and calculated Predicted Mean Vote (PMV) pre- and post- moving to the GB. In CBs, only 
72% of the TSV votes were within the ASHRAE 55 acceptable comfort zone of TSV between [-1 and +1], 
hence failing the 80% ASHRAE acceptability threshold that is adopted by the JGBG. Although PMV predicts 
neutral to slightly warm, with 85% predicted to fall within the ISO 7730 recommended range of [-0.5, +0.5], 
40% of the TSV votes fall within slightly cool (-1) to cool (-2) in the summer (Figure 10 (Left)). This is support-
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ed by the TPV, as 48% of the occupants in CBs preferred a warmer indoor air temperature in their workplaces 
(Figure 10 (Right)).  

In contrast, in the GB, 87% of TSV votes fell within slightly warm (+1) or slightly cool (-1), which is broadly 
commensurate with the PMV prediction of 92% and are hence in the acceptable range. The TPV in the GB show 
compliance with the ASHRAE standard, as less than 20% of occupants preferred either a bit cooler or a bit 
warmer thermal environment.  

Figure 11, compares the reported TSV by occupants and the predicted PMV in both building types. In the 
CBs, there was a statistically significant difference between mean score of TSV (-0.17) and PMV (0.19), while 
the PMV predicted neutrality, the majority of occupants’ votes were on the cold side. Contrary to the GB, there 
was no statistical difference between the mans of observed TSV (0.05) and PMV (0.12), which both were close 
to the neutral (i.e. zero), thus a higher thermal comfort was observed in the GB. 

 
 

 
 

 

Table 9 Thermal acceptability percentages for objective and subjective measurements pre- and post-moving to the GB 

 
Building type TSV  

(M ± SD) 

PMV  

(M ± SD) 

Acceptable range 

   -1 ≤ TSV ≤ +1 -0.5 ≤ PMV ≤ +0.5 - 1 ≤ TPV ≤ +1 

CBs (Pre-moving) -0.17 ± 1.31 0.05 ± 0.31 72% 85% 90% 

GB (Post-moving) 0.09 ± 1.03 0.19 ± 0.27 87% 92% 88% 

Figure 10 The distribution of the observed Thermal Sensation Votes (TSV) (Left), and Thermal Preference Votes (TPV) (Right), in both 
building types pre- and post-moving. 
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Figure 11 Comparison between the observed TSV and the predicted PMV by Fanger model in both building types, n_CBs � 120, n_GB �

102, * indicates significant difference, n.s. indicates no significant difference, (statistical analysis in  

Table 9) 

 

4.4 Perceived health  

Figure 12 shows the frequency of ten reported SBS symptoms pre- and post-moving to the GB. In both build-
ing types, the incidence of four symptoms namely ‘arms, legs and joints pain’, ‘muscle soreness’, ‘tiredness’, 
and ‘trouble sleeping’ was almost similar. Interestingly, in the GB, a higher prevalence of dizziness and fever 
symptoms was observed. Table 10 presents the results of the paired samples t-test, which suggests rejecting the 
null hypothesis of no difference between mean scores of reported SBS for only two symptoms, namely tiredness 
� �101� � −2.95, � � 	0.02, � � 	0.31� and watery eyes, runny nose, and stuffy head � �101� � −1.70, � �

	0.04, � � 	0.13�.  
However, these findings should not be taken at face value. Our analysis of Figure 12 involves ten t-tests, so 

we apply the Holm Bonferroni method to deal with familywise error rates (FWER) for multiple hypothesis tests 
[76]. When corrected, none of the SBS symptom t-tests were significant, and so we conclude that there appears 
to be no change in SBS symptoms after moving to the GB. Additionally, Table 11 illustrates the proportions of 
five frequency categories for all reported SBS symptoms in both building types. According to the ASHRAE 
standard 62.1 threshold, CBs and GB could be labelled as ‘sick buildings’, since 20% and 23% of their occu-
pants respectively had experienced some of the SBS symptoms for ‘some of the time’ during working hours. 
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Table 10 Statistical analysis of differences in mean scores of occupants self-reported SBS symptoms pre- and post- moving to the GB, 

frequency score from (1) none of the time to (5) all the time, and (3) represents some of the time, corrected �-value indicates the �-value of 

Holm-Bonferroni-corrected test at an alpha level of 0.05 

                                Mean ∈ [1,5]   

Symptom CBs  

(Pre-moving)  

GB  

(Post-moving)  

CI 99%   Corrected 
�-value 

Effect size 

(�) 

Tired 2.81 2.44 -0.37 -0.16 -2.95 0.20  0.31  Small 

Watery eyes, runny nose, stuffy head 2.04 1.83 -0.21 0.00 -1.70 0.36 0.13  Small 

Dizzy 2.36 1.94 -0.42 0.27 -0.97 1.00 0.10  Small 

Trouble sleeping 2.56 2.44 -0.11 0.12 -0.81 1.00  0.08  Negligible 

Back/neck pain 2.76 2.6 -0.16 0.09 -1.05 1.00  0.10  Small 

Arms, legs and joints pain 2.46 2.42 -0.03 0.19 -0.27 1.00  0.02  Negligible 

Muscle soreness 2.3 2.25 0.04 0.17 -0.36 1.00 0.02  Negligible 

Cough/ sore throat 1.56 1.58 0.01 0.21 0.17 1.00  0.01  Negligible 

Fever symptoms 1.46 1.59 0.12 0.31 1.12 1.00  0.11 Small 

Constipation and loose bowels 1.84 1.85 0.00 0.25 0.06 1.00  0.00  Negligible 

 

Table 11 Proportion of occupants who reported any of SBS symptoms in both building types, classified into five frequency categories. 

Frequency of symptoms 

CBs 

 (Pre-moving)  

GB  

(Post-moving) 

None of the time 38% 38% 

A little of the time 29% 30% 

Some of the time 20% 23% 

Most of the time 11% 8% 

Figure 12 The distribution of occupant responses of each SBS symptom pre- and post-moving to the GB, n_CBs � 120, n_GB � 102, (sta-
tistical analysis in Table 10). 
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All the time 2% 1% 

 

5 Discussion 

Our results can be split into two parts: observed IEQ performance (i.e. thermal conditions + IAQ) and per-
ceived performance, we discuss these below.  

5.1 Thermal conditions and IAQ 

Localised recommended ranges of indoor air temperature and CO2 concentration levels are absent in the 
JGBG, which instead refers to ASHRAE 55 for determining the acceptable thermal comfort range and ASHRAE 
62.1 for acceptable indoor CO2 level. ASHRAE 55 suggests a temperature range between 21.5 °C – 27 °C (un-
der the conditions of a thermal clothing insulation value between 0.5 and 1, metabolic rate between 1 and 1.3, 
and Va ≤ 0.2 ms-1). Comparing our results of continuous monitoring of Ta in the surveyed buildings showed that 
in CBs, only 48% of recorded Ta fell in the acceptable indoor temperature range, while in the GB, this percent-
age was higher, as 62% of monitored Ta were within the recommended range.  

Further, comparing the results of thermal conditions from spot measures (i.e. Ta, Tr, RH, and Va) across build-
ing types showed a significant difference in the mean scores between the CBs and GB in all monitored variables 
with lower mean in the GB. The RH in the GB (mean = 36.5%, s = 3%) was significantly lower than the thresh-
old of acceptability of 50% defined by JGBG. The monitored indoor air speed in both building types was within 
the JGBG recommended acceptable value (≤ 0.2 ms-1). 

The disparities in monitored thermal conditions between the CBs and GB were expected due to the variances 
of the building design approaches and the differences in heating, cooling, and ventilation systems. Further, be-
havioural adaptations (e.g. open/close windows, turn on/off the air-conditioning, and changing temperature set 
points) could play a role in the thermal conditions’ variations between the two building types. 

Surprisingly, a variation in the air temperature behaviour within the floors of GB was observed. Figure 13 
shows that the top floor (F4) of the GB performed differently with a higher mean air temperature of (mean = 29 
°C, s = 2.2 °C) across all monitored months compared to the mean air temperature of the other floors in the GB. 
This disparity is attributable to several reasons: (i) unlike the other floors, the top floor was 30% occupied during 
the monitored period, and as each floor is controlled individually by the operating manager, the AC system on 
this floor was turned off to account for this. (ii) Solar gains are likely to have been higher in the top floor com-
pared to the bottom floors, and (iii) a covered glazed void on the south side for daylighting links all floors verti-
cally, possibly trapping air moving upwards due to the stack effect.  

Turning to the result of monitored indoor CO2 concentration levels, it shows that though GB and CB3 had 
higher mean scores of indoor CO2 levels compared to other monitored buildings as shown in Figure 7, all build-
ings had achieved the ASHRAE 62.1 recommended standard for CO2 of 1,100 ppm inside workplaces for an 8-
hr workday [8].  

 

 
Figure 13 The difference in mean scores of monitored indoor air temperature between the monitored four floors in the GB, data recorded 
between Jul 2018 and Feb 2019, whiskers indicate the minimum and maximum scores, black dots indicate outliers, the red star indicates 
mean score for each floor 
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5.2 Occupant perception, thermal comfort and SBS 

Contrary to expectations, occupant satisfaction of IEQ does not show a significant difference between CBs 
and GB, excepting in three metrics namely odour, glare and mental concentration. While these were perceived to 
be significantly worse after moving to the GB, the effect sizes were small. Speculative reasons for the worsened 
odour perception in the GB could be: (i) indoor emissions derived from the building itself (e.g. furnishing, per-
sonal products of employees, cleaning products, and office machines), as the GB has sealed envelope, this makes 
the odour more noticeable by occupants; and (ii) outdoor emissions included vehicle exhausts nearby entering 
the building air intake are distributed by the mechanical ventilation system in the entire floor.  

Moreover, a possible explanation for the decline in occupant satisfaction of glare and mental concentration 
after moving to the GB might be that bullpen workplace with insufficient lighting distribution and poor control 
in the GB may be considered “chaotic” [77]. Only 30% of occupants in the GB can adjust the light intensity in 
their workplaces, and this could increase stress level and negatively affecting employee mental concentration.  

However, the overall mean scores of all IEQ satisfaction voted by occupants in both building types were 
comparable and below the neutral midpoint as shown in Figure 9, hence, we can consider that occupants per-
ceived the GB and CBs to be broadly similar, in that neither was particularly nice. Unlike the majority of studies 
in localised GBCs from different countries (Table 1), the JGBG building in this study is not seen to improve 
occupant perception of IEQ. This finding is consistent with an earlier study, which had a similar research de-
sign, following a group of workers after the transition from conventional building to the first Green Star-
building in South Africa [34].  

Furthermore, we could speculate the lack of any improvement in occupant perception after moving to the GB 
to that participants' values and attitudes were not pro-environmental. As in both study phases, the mean score of 
the Environmental Attitude Inventory (EAI) for the whole dataset was (3.61, s = 1.07). This is very close to the 
midpoint of the scale mean score, i.e. three. The mean of EAI was almost equal in the CBs (3.68) and GB (3.55) 
�Figure 14). This indicates that participants had a similar environmental concern level pre- and post-moving to 
the GB and, as this was not particularly high, we might speculate that moving to the GB is unlikely to have acti-
vated green attitudes or self-identities in most people, which in turn might be expected to lead people to evaluate 
the GB favourably.  

 
 

 
Figure 14 The difference in mean scores of occupants’ Environmental Attitude pre- and post- moving to the GB, scale ranged between (1) 
strongly disagree (5) strongly agree, and (3) represents no opinion or the neutrality, whiskers indicate the minimum and maximum scores, 
black dots indicate outliers, red star represents mean score 

 

 
Turning now to the evidence of thermal comfort that suggests the presence of “overcooling” in the CBs, well 

known to exist in air-conditioned buildings in many parts of the world [74]. This overcooling could be referred 
to the improper distribution of cool air from the split air conditioner units in the workplaces in CBs. However, 
the presence of this overcooling disappears after the move to the GB despite the fact that average indoor temper-
atures fell after moving. Our results are consistent with several studies that observed green buildings exhibits 
superior performance in terms of thermal comfort compared to other IEQ aspects, such as visual and acoustic 
comfort or other secondary metrics, i.e. privacy [26,85].  

Another important finding was that no significant differences were observed in the mean scores of all SBS 
symptoms between both building types. We found that 20% and 23% of occupants in CBs and the GB respec-
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tively experienced SBS symptoms for ‘some of the time’, therefore, both building types fail the ASHRAE 62.1 
threshold. This is a remarkable, and concerning, outcome for any modern building, and raises questions about 
whether building codes and practices are adequate. 

In CBs, five symptoms were experienced frequently by more than 20% of the occupants, these symptoms 
were back or neck pain (28%), tiredness (38%), watery eyes, runny nose and stuffy head (22%), muscle soreness 
(24%) and trouble sleeping (28%). After moving to the GB, the same proportion of occupants experienced the 
same five symptoms, with higher prevalence in trouble sleeping (33%). The dizziness was perceived as a prob-
lem by 25% of the employees in the GB. What is surprising is that the percentage of occupants who had fever 
and flu symptoms has increased from 6% in CBs to 16% after moving to the GB. The high prevalence of these 
observed symptoms in the GB could be explained according to the following three factors:  

• Plan-layout: The GB has a bullpen layout which is known to spread pathogens easily. For example, 
it has been shown that in congested open-plan workplaces, respiratory and fever symptoms can be 
spread faster due to the short distances between workstations [81].  

• Natural light: As the GB is a deep-plan, the daylight and the visual connection to the outdoor were 
poor and this may lead to fatigue and trouble sleeping [12]. 

• Building envelope: The GB in this study is sealed with no operable windows to prevent any thermal 
loss, so increase the energy efficiency, this may lead to ‘Tight Building Syndrome’, which causes 
particular health symptoms including dizziness, fatigue and sneezing [82]. However, the success of 
many Passivhaus buildings, which are built to the strictest airtightness standards globally, and the 
general trend towards tighter construction would suggest that other vectors may also be in play, mer-
iting further investigation. 

Overall, in spite of the vital role of GBCs in the current green building development that resulted in vast re-
duction of energy use and operational costs, a building's green credentials should be viewed as completely or-
thogonal to its comfort and health credits. GBCs need to be amended and expanded based on building users’ 
perception to include their health, physical and psychological aspects.  

6 Conclusions  

This study set out to examine whether the localised GBCS improve the performance of IEQ and occupant 
feedback in green buildings. We focus on the JGBG in Jordan, the results have shown that moving from conven-
tional office buildings to the JGBG-certified office building did not automatically guarantee a significant im-
provement in the employee perceived comfort and perceived health. We find that despite the green building 
complied with the requirements of JGBG for thermal conditions and indoor CO2 concentration level, no signifi-
cant improvement in the occupant satisfaction of IEQ metrics was detected. In both building types, the mean of 
occupant satisfaction was small compared to the neutral midpoint. However, a modest improvement in the occu-
pant thermal comfort was observed after moving to the GB.  

Another major finding was that no significant improvement in the prevalence of SBS symptoms was reported 
after moving to the GB. In CBs, around 20% of occupants had experienced five SBS symptoms for ‘some of the 
time’, and this percentage has increased to 23% of occupants after moving to the GB. Hence, both building types 
could be labelled as “sick”, according to the ASHRAE 62.1 standard – a remarkable, and disturbing, finding for 
any modern building. 

Based on the evidence of this study, we suggest that green building designers, developers and policymakers 
pay greater attention to the occupants’ related aspects. While reducing energy consumption and consequent 
emissions are undoubtedly important, designers of green buildings should think beyond these features, towards 
improving employee health, visual and acoustic comfort. This would suggest the need for developing a follow-
up management plan, that can be a part of the green building certification scheme. This plan might include regu-
lar assessments with two themes, i.e. objective and subjective that cover the building itself and its occupants. 
The assessment could be repeated every 12-month, as our results show no significant differences in occupant 
feedback between the first wave (6-month post-moving) and the second wave (12-month post-moving). This 
enables developers to benefit from occupant feedback in further IEQ developments in green buildings. 
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Appendices  

Appendix A  

Specifications of instruments used in monitoring indoor environment parameters.  
 

Measurement type Sensor Variable Unit Valid Range Accuracy 

Spot measurements SWEMA (ISO 7730) 

Ta °C [0, 50] ±0.1 

RH % [0, 100] ±0.8 

Va ms-1 [0.1, 5] ±0.2 

Continuous measurements 

(Raspberry Pi-based sensors) 

Maxim IC DS18B20 Ta °C [-10, 85] ±0.5 

AdaFruit DHT22 RH % [0, 100] ±2 

Sensair K30 CO2 ppm [0, 5000] ±30 

Appendix B 

 Survey used in this study. 

 

We are conducting an evaluation of your office building to assess how well it performs for those who occupy it. This information will 

be used to assess areas that need improvement and provide feedback for similar buildings. Responses are anonymous. Please answer all 

the relevant questions if possible, thank you. 

Organization:    Date:  /   / Time: ---- Subject ID: --,--,-- 

Demographic 

Age   

20-30 

31-40 

41-50 

51 or more 

 

Gender  

Female 

Male 

 

 Your Role  

Administrative  

Design 

Marketing 

Executive 

Other 

 

How long have you 

been working at this 

company? 

 ≤ 6 months  

6-month - 1 year 

1 year - 2.5 years 

2.5 - 5 years  

 5 years  

Nationality 

Jordanian  

Non-

Jordanian  

 

Education level 

 Not graduate  

High school graduate 

College 2-year  

Holding B.Sc.  

Holding M.Sc. 

 

From scale 1 -5 how much do you satisfy with the following S
tr

on
gl

y 

D
is

sa
tis

fie
d 

D
is

sa
tis

fie
d 

N
e

u
tr

a
l 

S
a

tis
fie

d 

S
tr

on
gl

y 

sa
tis

fie
d 

1 2 3 4 5 

Indoor Environment Quality  

1 Overall air quality      

2 Temperature (winter)      

3 Temperature (summer)      

4 Control temperature      

5 Natural lighting      

6 Glare      

7 Control lighting      

8 Noise      
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9 Mental concentration      

10 Odour      

11 Privacy      

12 View      

13 Biophilia      

 

From scale 1 -5 how much do you agree with the following: 

S
tr

on
gl

y 

d
is

a
g

re
e 

D
is

a
g

re
e 

N
e

u
tr

a
l 

A
g

re
e 

S
tr

on
gl

y 

a
g

re
e 

1 2 3 4 5 

Thoughts on the Natural Environment 

1 I am the type of person who cares about the environment      

2 We are approaching the limit of the number of people the Earth can support      

3 Humans have the right to modify the natural environment to suit their needs      

4 When humans interfere with nature it often produces disastrous consequences      

5 Human ingenuity will ensure that we do NOT make the Earth unlivable      

6 Humans are severely abusing the environment      

7 The Earth has plenty of natural resources if we just learn how to develop them      

8 Plants and animals have just as much rights as humans to exist      

Sick Building Syndrome   
 

During the past 4 weeks (28 days), how much were you bothered by each of the 

following conditions: N
o

t a
t a

ll 

A
 li

ttl
e

 o
f 

th
e

 ti
m

e 

S
o

m
e

 o
f 

th
e

 ti
m

e 

M
o

st
 o

f 

th
e

 ti
m

e 

A
ll 

o
f 

th
e

 ti
m

e 

1 2 3 4 5 

1 Tired      

2 Watery eyes, runny nose, stuffy head      

3 Dizzy      

4 Trouble sleeping      

5 Back/neck pain      

6 Arms, legs and joints pain      

7 Muscle soreness      

8 Cough/ sore throat      

9 Fever symptoms      

10 Constipation and loose bowels      

 

 

At present, you feel:      

 Cold Cool Slightly cool Neutral Slightly warm Warm Hot 

 -3 -2 -1 0 +1 +2 +3 

At present, you would prefer to be: 

 Much 

cooler 

cooler A bit cooler No Change A bit warmer Warmer Much 

warmer 

 -3 -2 -1 0 +1 +2 +3 

Your clothes at present (Please tick) What is your activity during the past 15 minutes (Please tick) 

Short Sleeve shirt/blouse  Sitting (passive work  

Long sleeve shirt/blouse  Sitting (active work)  

Vest   Standing relaxed  

Trousers/long skirt  Standing working  

Shorts  Walking indoors  

Dress  Walking outdoors  

Pullover  Other………………  

Jacket  
Instantaneous Measurements (for researcher only)  

Long socks  

Short socks  Air Velocity (ms-1) 
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Appendix C 

Sociodemographic information of the respondents. 

 

Category  n_occupants = 120 

Gender   

  Female  42 (35%) 

  Male  78 (65%) 

Age   

  20 - 30 61 (51%) 

  31 - 40 44 (37%) 

  41 - 50 11 (9%) 

   50 4 (3%) 

Working position    

  Administrative 20 (17%) 

  Design 16 (13%) 

  Marketing 24 (20%) 

  Executive 21 (18%) 

  Other 39 (33%) 

Working experience    

  ≤ 6 months 17 (14%) 

  6-month - 1 year 19 (16%) 

  1 year - 2.5 years 31 (26%) 

  2.5 - 5 Years 22 (18%) 

   5 Years 31 (26%) 

Education level    

  Not graduated 6 (5%) 

  High school 7 (6%) 

  College 2 years 10 (8%) 

  Bachelor 85 (71%) 

  Master 12 (10%) 

Nationality    

  Jordanian  116  (97%) 

  Non-Jordanian  4 (3%) 

 

Appendix D 

1. Statistical analysis of differences in mean responses of occupant satisfaction of IEQ between the first wave (6-month post-moving to GB) 

and second wave (12-month post-moving to GB), n.s. indicates not significant. 
  

Tights  Air Temperature (°C) 
Relative Humidity (%) 
Mean radiant temperature (°C) 
CO2 level (ppm) 

Tie  

Boots  

Shoes  

Sandals  

Headwear  

Barefoot  
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 Mean     

IEQ parameter 6-month  12-month CI 99%     �-value Effect size (�) 

IAQ       

Overall air quality 3.05 3.49 0.87 0.91 6.24 0.61 n.s.  0.11 (Small) 

Temperature         

Feeling cold 2.45 2.8 0.11 0.55 0.87 0.42 n.s. 0.12 (Small) 

Feeling hot 2.77 2.75 0.18 0.21 0.77 0.08 n.s.  0.13 (Small) 

Control temperature 3.55 3.56 0.14 0.15 0.31 0.45 n.s.  0.08 (Negligible) 

Visual comfort        

Natural lighting 3.22 3.23 0.35 0.59 2.55 0.19 n.s.  0.01 (Negligible) 

Glare 1.82 1.94 -0.31 0.09 3.11 0.07 n.s.  0.08 (Negligible) 

Control lighting 3.45 3.56 0.14 0.35 0.28 0.45 n.s.  0.14 (Small) 

Acoustic comfort        

Noise 3.61 3.13 0.21 0.15 2.11 0.12 n.s.  0.15 (Small) 

Mental concentration 2.45 2.65 0.22 0.07 1.65 0.06 n.s. 0.08 (Negligible) 

Secondary metrics        

Odour 2.01 2.03 0.53 0.38 1.12 0.21 n.s. 0.14 (Small) 

Privacy 2.39 2.46 -0.23 0.23 -0.63 0.39 n.s.  0.11 (Small) 

View 2.85 3.33 0.61 0.13 3.11 1.11 n.s.  0.09 (Negligible) 

Biophilia 1.60 1.45 0.31 0.55 2.5 0.79 n.s.  0.13 (Small) 

 

2. Statistical analysis of differences in mean scores of reported SBS symptoms between the first wave (6-month post-moving to GB) and 

second wave (12-month post-moving to GB); n.s. indicates not significant.  

 
Mean     

Symptom 6-month  12-month CI 99%   �-value Effect size (�) 

Tired 2.55 2.44 0.29 0.21 3.21 0.09 n.s.  0.11 (Small) 

Watery eyes, runny nose, stuffy head 2.11 1.83 -0.12 0.01 -1.55 0.14 n.s. 0.19 (Small) 

Dizzy 2.21 1.94 0.56 0.31 0.89 0.41 n.s. 0.15 (Small) 

Trouble sleeping 2.61 2.44 -0.13 0.09 -0.95 0.53 n.s.  0.12 (Small) 

Back/neck pain 2.81 2.6 0.19 0.12 0.09 0.33 n.s.  0.08 (Negligible) 

Arms, legs and joints pain 2.56 2.42 0.13 0.19 -0.27 0.81 n.s.  0.02 (Negligible) 

Muscle soreness 2.28 2.25 0.13 0.21 -0.41 0.52 n.s. 0.06 (Negligible)  

Cough/ sore throat 1.45 1.58 0.21 0.31 0.21 0.71 n.s.  0.09 (Negligible) 

Fever symptoms 1.58 1.59 0.14 0.27 2.22 0.15 n.s.  0.08 (Negligible) 

Constipation and loose bowels 1.88 1.85 0.01 0.09 0.08 0.70 n.s.  0.00 (Negligible) 
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Highlights  

 

 

Highlights 

  

1. Moving from conventional building to certified-green building may not automatically 

guarantee a significant improvement in occupant perceived comfort or perceived 

health. 

2. Despite the green building complying with the specification of thermal conditions and 

indoor CO2 concentration levels that identified by the Jordanian green building code, 

no significant improvement in the occupants' satisfaction was detected.  

3. Moving to a green building has increased the percentage of employees who 

experienced sick building syndrome symptoms from 20% in conventional buildings to 

23% in green building. 
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