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Abstract. Green rating tools are contributing to move the agenda of 
sustainability to a central role in the design and operation of office 
buildings. However, research needs to ascertain if certification sys-
tems also contribute to improved user satisfaction. Synthesising re-
search by the authors, this paper analyses a subset of the Center for 
the Built Environment database to investigate if LEED certification 
leads to higher, equal, or lower user satisfaction, and examine the im-
pact on satisfaction of factors distinct from conventional IEQ parame-
ters. The results show that occupants of LEED-rated buildings are 
equally satisfied with building, workspace, and various IEQ parame-
ters than users of non-LEED buildings, independently of office type, 
spatial layout, distance from windows, building size, gender, age, 
work type, and working hours. However, tendencies suggest that oc-
cupants of LEED buildings may be more satisfied with air quality and 
more dissatisfied with amount of light, and that the positive value of 
certification may decrease with time. Also, LEED-rated buildings may 
be more effective in delivering satisfaction in open rather than in en-
closed offices, and in small rather than in large buildings. Deeper con-
sideration of user needs is required to ensure that buildings designed 
and operated for green rating standards also enhance IEQ satisfaction. 

Keywords. Indoor Environmental Quality; Green Certification; User 
Satisfaction; Leadership in Energy and Environmental Design (LEED) 

1. Introduction 

The satisfaction of occupants in office buildings is affected by thermal, 
acoustic, and visual parameters, by air quality, and by other features of the 
workspace – and the building – such as views, layout, privacy, cleanliness, 
and personal control over the internal environment (Frontczak et al., 2012). 
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User satisfaction has been correlated to self-estimated job performance, this 
having an effect, potentially, on company productivity (Veitch et al., 2007). 

There is a general consensus that ‘green’ rating tools such as LEED in 
USA, BREEAM in UK, Green Star in Australia, etc., are contributing to 
bring sustainability – even if its comprehensive agenda is often only partially 
addressed by ‘green’ design features – into the mainstream of building de-
sign and construction. Among these, LEED (Leadership in Energy and Envi-
ronmental Design) is a voluntary, consensus-based, market-driven program 
that provides third-party certification of buildings. Launched in 1998, LEED 
is the most popular rating tool in the United States, and its market share is 
continuing to grow. In July 2014, the USGBC indicated as 69,738 the num-
ber of projects having been registered or certified by LEED worldwide, and 
thus contributing to “significantly reduce or eliminate negative impacts on 
the environment and the occupants” (USGBC, 2014). The evidence of the 
energy savings facilitated by rating tools such as LEED has been already ex-
tensively analysed (Scofield, 2009). However, less clear from the literature is 
the extent to which rating tools can effectively improve perception of indoor 
environmental quality, and workplace experience and satisfaction. A valua-
ble way to ascertain this is to use occupant surveys (Huizenga et al., 2002). 

In the following paragraphs, this paper introduces the Center for the Built 
Environment (CBE) Occupant Indoor Environmental Quality Survey, and 
some of the existing literature that has analysed the relationship between in-
door environmental quality, green rating tools, and occupant satisfaction. 

1.1. THE CBE OCCUPANT IEQ SURVEY 

To investigate user satisfaction and its correlation with parameters of indoor 
environmental quality and building features, the Center for the Built Envi-
ronment (CBE) at the University of California Berkeley has developed a 
web-based survey and an online reporting tool (Zagreus et al., 2004).  

The survey appraises occupant satisfaction under the following catego-
ries: office layout; office furnishing; thermal comfort; air quality; lighting; 
acoustics; cleanliness and maintenance; and, general comments. The survey 
uses 7-point ordered Likert-scale questions, ranging from ‘very satisfied’ 
(+3) to ‘very dissatisfied’ (-3), with a neutral midpoint (0). The survey also 
collects detailed information about the occupants (e.g., gender, age, work 
type, office type, weekly working hours, etc.) and the building (e.g., year of 
construction or renovation, location, size, shading devices and control, green 
certification, energy use, etc.). The full database currently includes in excess 
of 700 buildings and 65,000 individual responses obtained over a period of 
more than twelve years across the US, Canada, Europe, and Australia. 
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1.2. IEQ, GREEN RATING, AND USER SATISFACTION 

A vast literature is available on IEQ and user satisfaction in office buildings. 
In this context, data from the CBE survey database has been utilized in sev-
eral studies. An early work by Huizenga et al. (2002) compared occupant re-
sponses from 3 LEED buildings with the rest of the CBE database, compris-
ing at that time of 45 buildings. The results showed that certified buildings 
were characterized by higher user satisfaction particularly for indoor air 
quality. A sample of 16 LEED-rated and 9 self-nominated ‘green’ buildings 
(i.e., buildings having received other ‘sustainable’ awards) was used by 
Huizenga et al. (2005) to reveal that green buildings received higher votes of 
satisfaction with building, workspace, indoor air quality, cleaning and 
maintenance, and thermal comfort. However, LEED and self-nominated 
green buildings did not perform better for lighting and for acoustics, nor a 
clear relationship was found between LEED credits and user satisfaction. 
Based on a similar subset, Abbaszadeh et al. (2006) analysed responses from 
181 buildings – 15 LEED-certified and 6 ‘green’ – concluding that, in aver-
age, occupants of green buildings showed higher satisfaction with office fur-
nishing, thermal comfort, air quality, cleaning and maintenance, workspace, 
and building overall. The difference between satisfaction in green buildings 
and the rest of the database was found to be small and not statistically signif-
icant for office layout, lighting, and acoustics. Frontczak et al. (2012) ana-
lysed responses from 350 buildings of the CBE database, showing that, in 
average, occupants were satisfied with workspace, building, and IEQ param-
eters, and that amount of space was the most important predictor of work-
space and building satisfaction, followed by noise level and visual privacy. 

In terms of occupants’ health and productivity, comparing 31 ‘green’ 
buildings with 109 ‘conventional’ ones, Baird et al. (2012) concluded that 
green buildings were perceived by users as performing better in terms of op-
eration and satisfaction scores, with significant improvement particularly in 
terms of self-assessed productivity. However, modest improvements were 
found in thermal conditions and lighting, and no significant differences were 
observed for perception of noise and personal control. Investigating envi-
ronmental quality in two pre- and post- case studies of occupants moving 
from conventional to LEED buildings, Singh et al. (2010) found that percep-
tion of improved IEQ contributed to reduction of absenteeism as perceived 
by the employees, and to the decrease of self-assessed occurrence of asthma, 
respiratory allergies, depression, and stress. Following the move, employees 
also reported a perception of enhanced productivity. In a post-occupancy 
evaluation of 22 ‘green-design intent’ and 23 ‘conventional’ buildings in 
Australia, Leaman et al. (2007) found that most green buildings outper-
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formed conventional ones particularly for satisfaction with ‘soft’ parameters 
such as design, image, and health. However, green buildings showed a wider 
spectrum of performances and were found to be possibly underperforming in 
‘hard’ variables such as noise and temperature. A further study by Leaman 
and Bordass (2007) also revealed a tendency for users of green buildings to 
be more tolerant of operation deficiencies. Finally, a research by Newsham 
et al. (2013) analysing occupant responses, physical measurements, and en-
ergy use from 24 buildings (12 LEED-rated and 12 conventional), indicated 
that LEED buildings exhibited higher occupant satisfaction particularly with 
thermal conditions, views, aesthetic appearance, HVAC noise, workplace 
image, sleep quality, mood, physical symptoms, and airborne particulates. 

Although these studies are all significant, some limitations must be noted: 
relatively small samples sizes were used; the comparisons were mostly made 
between buildings and not between individual responses; no selection was 
made to compare only responses from buildings of similar size and age; the 
conclusions were based mostly on descriptive statistics and null hypothesis 
significance testing. In addition, research by Frontczak and Wargocki (2011) 
suggests that user satisfaction can also be influenced by other variables “un-
related to environmental quality, that influence whether indoor environments 
are considered to be comfortable or not”. Their literature survey, in fact, re-
vealed that various “non-environmental” factors should be considered to en-
hance comfort and satisfaction, although the literature is generally not con-
sistent in terms of the impact of these factors on user IEQ satisfaction. 

In consideration of these findings, this paper synthetises previous re-
search published by the authors (Altomonte & Schiavon, 2013; Schiavon & 
Altomonte, 2014) analysing a subset of the CBE survey database to investi-
gate if LEED-rated buildings lead to higher, equal, or lower user IEQ satis-
faction than non-certified ones. In addition, the influence of several non-
environmental factors on satisfaction in LEED and non-LEED buildings is 
studied so as to explore the role that design strategies aimed towards LEED 
certification can have on user perception of the quality of their workspace. 

2. Methods 

2.1. DESCRIPTION OF THE DATASET 

A subset from the dataset utilized by Frontczak et al. (2012) has been used 
for the study presented in this paper. The original dataset contained 52,980 
individual occupants’ responses from the CBE database, collected in 350 of-
fice buildings from Australia, Canada, Europe and, predominantly, the US. 
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The first stage of this study consisted in verifying the information availa-
ble in terms of LEED certification (product and version), size, and year of 
construction and/or renovation, for each building of the dataset. After this 
initial appraisal, 66 buildings were confirmed as having LEED certification, 
and 279 buildings were included in the ‘non-LEED’ group. To note that this 
selection did not exclude that the non-LEED buildings may have received 
some other certification or recognition awarded by an alternative rating sys-
tem, or may have some or several ‘green’ features. For 5 buildings, no in-
formation was available in terms of their location, thus the corresponding re-
sponses were excluded from the dataset. To guarantee a coherent comparison 
between user satisfaction in LEED and non-LEED rated buildings, an addi-
tional variable was introduced: the year of construction or renovation. Due to 
the fact that almost all LEED-certified buildings included in the CBE data-
base have been built or renovated in the last 15 years, the year 1998 was tak-
en as a baseline for selection, this corresponding to the year of the launch of 
the first LEED Pilot Project Program. Due to this, one building was excluded 
from the LEED group, and 149 were removed from the non-LEED group. A 
final verification was conducted with respect to the size of the buildings in 
the dataset. One building was excluded from the non-LEED group since its 
gross area (177,745 m2) largely exceeded the rest of the sample. On the basis 
of these criteria, the resulting dataset is shown in Table 1. 

Table 1. Description of the dataset utilised in this study. 

Dataset LEED Buildings non-LEED Buildings Total 

Number of Buildings 65 79 144 

Number of  Responses 10,129 11,348 21,477 

 
Out of the 65 LEED buildings, 11 have a certification of Platinum (16.9% 

of the total), 27 are certified as Gold (41.5%), 13 have a certification of Sil-
ver (20%) and 14 have a rating of Certified (21.6%). 76% of the LEED 
buildings are certified by LEED for New Constructions (LEED-NC), 17% 
by LEED for Commercial Interiors (LEED-CI), and 7% by LEED for Exist-
ing Buildings (LEED-EB). The majority of buildings are certified by ver-
sions 2.0, 2.1, and 2.2 of the various LEED products. For the purpose of this 
study, it is also important that the two groups, LEED and non-LEED, are 
comparable for distribution of responses according to non-environmental 
factors. Both groups feature mostly open office layouts (79% of responses in 
LEED and 73% in non-LEED buildings), and primarily with workspaces at a 
distance within 4.6 meters from the window (66% of users in LEED and 
69% in non-LEED buildings). Both LEED and non-LEED buildings have 
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mainly (60% of responses in LEED and 64% in non-LEED buildings) a 
gross area larger than 18,580 m2. Similar distributions of responses between 
LEED and non-LEED buildings are also observed for buildings of small (be-
low 4,645 m2) and medium (between 4,645 m2 and 18,580 m2) size. Both 
groups have a workforce with a higher percentage of women (56% in LEED 
and 57% in non-LEED buildings) and within the age group 31-50 years 
(51% of occupants in LEED and 54% in non-LEED buildings). The distribu-
tion of responses according to type of work, time at the workspace, and 
weekly working hours is also consistent between the two groups. 

2.3. STATISTICAL METHODS 

The mean and median values of satisfaction with building, workspace, and 
IEQ parameters were calculated by averaging individual satisfaction votes in 
LEED and non-LEED buildings, initially for the whole dataset, and then un-
der each ‘non-environmental’ factor. The statistical significance of the dif-
ferences in votes of satisfaction (ΔM, LEED minus non-LEED) was tested 
with the Wilcoxon rank sum test since the variables had an ordinal character 
(Siegel, 1956). For all tests, the results were considered statistically signifi-
cant when p<0.05. To mitigate the risk that tests had led to significant p-
values by an accident of sampling, and to quantify the relevance of statisti-
cally significant differences, the power analysis was performed, and the ef-
fect size index was calculated (Cohen, 1992). There are indeed several limi-
tations with using null hypothesis significance testing (NHST) to infer the 
size (or relative impact) of the difference between two sample groups, the 
main one being that the p-value depends both on the size of the effect and on 
the size of the sample (Field & Hole, 2003). The Spearman rank correlation 
(ρ) was used to estimate the effect size – a standardized measure of the size 
of the differences between sample groups – and provide a measure of its rel-
evance. Outcomes were interpreted based on the benchmarks proposed by 
Ferguson (2009) for small, moderate, and strong effects sizes (ρ≥0.20, 0.50, 
and 0.80, respectively); ρ-values lower than 0.20 were considered negligible. 

3. Results 

3.1 STATISTICAL RESULTS OF OCCUPANT SATISFACTION 

Table 2 reports the mean and standard deviation values for user satisfaction 
with building, workspace, and all the 15 IEQ parameters featured in the CBE 
survey in both LEED and non-LEED buildings, their difference (ΔM, LEED 
minus non-LEED) and p-values, and the effect size (Spearman Rho, ρ). 
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Table 2. Descriptive and inferential statistics for LEED and non-LEED buildings 

Parameter LEED non-LEED ΔM (p-values) Effect size 

Building 1.08 (1.54) 1.07 (1.38) +0.01*** Negligible (0.02)*** 

Workspace 0.95 (1.53) 0.87 (1.53) +0.08*** Negligible (0.03)*** 

Ease of Interaction 1.13 (1.59) 1.35 (1.47) -0.22*** Negligible (-0.07)*** 

Building Cleanliness 1.26 (1.55) 1.13 (1.42) +0.13*** Negligible (0.07)*** 

Comfort of Furnishing 1.17 (1.54) 1.18 (1.50) -0.01 n.s. Negligible (0.00) n.s. 

Amount of Light 0.92 (1.83) 1.33 (1.52) -0.40*** Negligible (-0.09)*** 

Building Maintenance 1.22 (1.50) 1.00 (1.43) +0.23*** Negligible (0.09)*** 

Colors and Textures 1.11 (1.58) 0.95 (1.55) +0.17*** Negligible (0.06)*** 

Workspace Cleanliness 1.05 (1.66) 0.92 (1.60) +0.13*** Negligible (0.05)*** 

Amount of Space 0.89 (1.87) 0.99 (1.78) -0.11** Negligible (-0.02)** 

Furniture Adjustability 0.95 (1.66) 0.94 (1.63) +0.01 n.s. Negligible (0.01) n.s. 

Visual Comfort 0.75 (1.76) 0.92 (1.60) -0.16*** Negligible (-0.04)*** 

Air Quality 0.80 (1.61) 0.40 (1.67) +0.40*** Negligible (0.12)*** 

Visual Privacy 0.26 (1.97) 0.43 (1.97) -0.17*** Negligible (-0.04)*** 

Noise 0.00 (1.86) 0.10 (1.85) -0.10*** Negligible (-0.03)*** 

Temperature -0.11(1.82) -0.10 (1.81) -0.01 n.s. Negligible (0.00) n.s. 

Sound privacy -0.96 (1.89) -0.88 (1.94) -0.08** Negligible (-0.02)** 

***p<0.001; **p<0.01; *p<0.05; n.s.= not significant 
 
The descriptive statistics show that satisfaction in LEED and non-LEED 

buildings present positive means for the building, workspace, and almost all 
IEQ parameters, with the exception of temperature and sound privacy. The 
inferential statistics show that occupants of LEED buildings have practically 
equal satisfaction with building (LEED: M=1.08; non-LEED: M=1.07; 
ΔM=+0.01, p<0.001; effect size= 0.02 (negligible)) and workspace (LEED: 
M=0.95; non-LEED: M=0.87, ΔM=+0.08, p<0.001; effect size=0.03 (negli-
gible)) than users of non-LEED buildings. In terms of the further 15 IEQ pa-
rameters, among others, LEED buildings show higher mean satisfaction with 
air quality (ΔM=+0.40), and lower satisfaction with amount of light (ΔM=-
0.40). However, all statistically significant differences have an effect size (ρ) 
smaller than 0.20, thus their practical relevance can be considered negligible. 

The differences in satisfaction between LEED and non-LEED buildings 
are always lower than 0.40 (in absolute value, 5.7% relatively to the -3 ÷ +3 
scale), and their effect size is always negligible. Hence, it can be stated that – 
when responses are evaluated comprehensively – there is not a practically 
significant influence of LEED rating on satisfaction with building, work-
space, and indoor environmental quality (Altomonte & Schiavon, 2013). 
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3.2 NON-ENVIRONMENTAL FACTORS AND USER SATISFACTION 

A further analysis was set to study if differences of more practical relevance 
could be detected when categorizing responses based on non-environmental 
factors (i.e., distinct from ‘conventional’ IEQ parameters): 1) building and 
workspace features: office type (enclosed, open), spatial layout (private or 
shared offices, cubicles with high or low partitions, open layouts), building 
size, distance from windows; 2) user characteristics: gender, age; 3) work-
related variables: work type, time at workspace, weekly working hours. 

Differences in mean satisfaction (∆M) based on non-environmental fac-
tors were calculated to reveal patterns of influence of each factor on satisfac-
tion in LEED and non-LEED buildings. For example, in Table 3, a tendency 
of improved efficacy of LEED rating on satisfaction with building, work-
space, visual comfort, noise, and temperature, can be recognized when mov-
ing from private and shared offices (negative ∆M, higher satisfaction in non-
LEED buildings), to cubicles with high and low partitions, and to other open 
layouts (positive ∆M, higher satisfaction in LEED buildings). Some trend of 
increasing ∆M can also be observed when moving from large to small build-
ings, and from users having spent more to less than 1 year at the workspace. 

Table 3. Difference in satisfaction for selected non-environmental and IEQ parameters. 
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Spatial 
Layout 

Private Office N= 4,151 -0.12 -0.18 -0.17 -0.30 -0.38 

Shared Office N= 975 -0.19 -0.05 -0.09 -0.26 -0.27 

Cubicles high part. N= 9,462 +0.00 +0.09 -0.24 -0.06 +0.12 

Cubicles low part. N= 5,468 +0.22 +0.34 +0.04 +0.19 +0.21 

Other open layout N= 1,421 +0.49 +0.68 +0.20 +0.64 +0.22 

Building 
Size 

Small N= 1,784 +0.33 +0.25 +0.33 -0.30 +0.00 

Medium N= 4,615 +0.10 +0.23 -0.01 +0.31 -0.01 

Large N= 10,523 +0.02 -0.05 -0.30 -0.28 +0.20 
Time at 
Work-
space 

Less than 1 year N= 1,864 +0.59 +0.63 +0.14 +0.56 +0.49 

More than 1 year N= 3,859 +0.12 +0.05 -0.19 -0.27 +0.08 

N= numbers of responses in the dataset for each categorization of non-environmental factors 
 
For some IEQ parameter, a variation in non-environmental factors does 

not entail differences in satisfaction. For example, occupants are consistently 
more satisfied with air quality, maintenance, and cleanliness in LEED build-
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ings, showing that LEED criteria may foster the perception of a cleaner work 
environment. The patterns identified suggest that LEED rating may be more 
(or less) effective in providing satisfaction based on variation of factors un-
related to environmental quality. However, to support these hypotheses, sta-
tistical significance needs to be tested and effect size needs to be calculated. 

Table 4 presents the effect size and the statistical significance (NHST) of 
the differences in mean satisfaction (ΔM) for the non-environmental factors 
and the IEQ parameters presented in Table 3. Differences are statistically 
significant (p<0.05) in most cases (39 out of 50), but their effect size is not 
negligible (ρ≥0.20) only in 3 cases: for satisfaction with workspace in other 
open layouts (ρ=0.22); and for satisfaction with building (ρ=0.22) and work-
space (ρ=0.23) for users having spent less than 1 year at their place of work. 

Across all the combinations considered between IEQ parameters (15 var-
iables, plus satisfaction with building and workspace) and categorizations of 
factors unrelated to environmental quality (17 variables over 9 non-
environmental factors), statistically significant differences in satisfaction be-
tween LEED and non-LEED buildings were detected in 341 out of 459 cas-
es. However, for most (314 out of 341) of these variations the effect size was 
negligible (ρ<0.20), for 27 combinations it was small (0.20≤ρ<0.50), and for 
none it was moderate or strong (ρ≥0.50) (Schiavon & Altomonte, 2014). 

Table 4. Effect size and NHST for selected non-environmental and IEQ parameters. 
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Spatial 
Layout 

Private Office -0.01 n.s. -0.05*** -0.04* -0.08*** -0.10*** 

Shared Office -0.05 n.s. -0.02 n.s. -0.02 n.s. -0.08* -0.07* 

Cubicles high part. 0.02* 0.03** -0.06*** -0.02 n.s. 0.03** 

Cubicles low part. 0.09*** 0.12*** 0.03* 0.05*** 0.06*** 

Other open layout 0.18*** 0.22*** 0.08** 0.17*** 0.05* 

Building 
Size 

Small 0.13*** 0.09*** 0.10*** -0.08*** 0.00 n.s. 

Medium 0.06*** 0.08*** 0.01 n.s. 0.08*** 0.00 n.s. 

Large 0.03* -0.01 n.s. -0.08*** -0.08*** 0.06*** 
Time at 
Work-
space 

Less than 1 year 0.22*** 0.23*** 0.07** 0.15*** 0.13*** 

More than 1 year 0.06*** 0.03 n.s. -0.04* -0.07*** 0.02 n.s. 

p-value (NHST): ***p<0.001;**p<0.01; *p<0.05; n.s. = not significant 
Effect size (Spearman Rho, ρ): ρ<0.20= negligible; 0.20≤ρ<0.50 = small; 0.50≤ρ<0.80 = moderate 
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4. Discussion 

The results of the comparative evaluation of user satisfaction between LEED 
and non-LEED buildings indicate that LEED rating does not substantively 
affect satisfaction with the building and the workspace. In addition, there is 
not a practically relevant influence of LEED certification on user satisfaction 
with the various parameters of indoor environmental quality considered by 
the CBE survey. These conclusions are noticeably different from previous 
analysis of data extrapolated from the CBE database, principally due to: 

• A much larger sample size of responses in LEED buildings were used;  
• The responses analysed were all obtained in LEED and non-LEED buildings 

comparable in terms of year of construction or renovation, and size; 
• Individual responses rather than average building values were considered; 
• The effect size index other than null hypothesis significance testing was used 

to reveal the practical relevance of the differences detected. 

Previous studies of the CBE database had concluded that LEED buildings 
were characterized by higher satisfaction with building, workspace, furnish-
ing, cleaning, maintenance, thermal comfort, and air quality (Huizenga et al., 
2003; 2005). In our study – if only differences in mean satisfaction are con-
sidered – users of LEED buildings are effectively more satisfied with air 
quality than non-LEED buildings (ΔM=+0.40), but this difference has negli-
gible effect size (ρ=0.12). Conversely, mean satisfaction votes show that us-
ers of LEED buildings tend to be slightly less satisfied with amount of light 
(ΔM=-0.40). This result is coherent with Abbaszadeh et al. (2006), but in our 
study the effect size of such difference is practically negligible (ρ=-0.09). 

In terms of non-environmental factors, our study revealed that office 
type, spatial layout, distance from windows, building size, gender, age, work 
type, and weekly working hours, have no practical relevance on variation of 
IEQ satisfaction between LEED and non-LEED buildings. However, trends 
were found suggesting that LEED-rated buildings may be more effective in 
delivering satisfaction in open spaces rather than in enclosed offices, as sup-
ported by the statistically significant and practically relevant higher satisfac-
tion with the workspace expressed by users of LEED buildings in other open 
layouts. Also, office spaces rated by LEED were found to be more effective 
in delivering satisfaction in small rather than in large buildings, although the 
statistically significant differences detected do not have a practically relevant 
effect size. This is consistent with the work of Leaman & Bordass (2007), 
who indicated that small ‘green’ buildings are often more successful since in 
large buildings it is harder to resolve conflicting requirements between, for 
example, satisfaction with lighting and noise, and the use of deep spaces. Al-



INDOOR ENVIRONMENTAL QUALITY AND USER SATISFACTION …  579 

so, Scofield (2009) concluded that the design strategies aimed at LEED cer-
tification are often more successful in small ‘trophy’ buildings, where they 
can have a measurable impact and their cost can be more easily leveraged. 

Conversely, consideration of time at workspace presents practically sig-
nificant effect sizes for differences in satisfaction with building, workspace, 
and many IEQ parameters, for which users of LEED buildings having spent 
less than 1 year at their place of work are more satisfied. This is in line with 
Singh et al. (2010), who detected an increase in satisfaction after the move 
into a LEED building, possibly as a result of employees’ excitement about 
the new work place (76% of responses in our dataset were from new LEED-
NC buildings). In this context, the Hawthorne effect (McCarney et al., 2007) 
has been linked to a temporary bias in users’ perception resulting from a 
change in work environment. Our findings hence suggest that the positive 
influence on occupants’ IEQ satisfaction of buildings’ and workspaces’ de-
sign strategies aimed at LEED certification may tend to decrease with time. 

6. Conclusions 

The conclusions that can be drawn from this study include the following: 

• Occupants of LEED buildings have equal satisfaction with building, work-
space, and indoor environmental quality than users of non-LEED buildings. 

• Several factors unrelated to environmental quality statistically significantly 
influence the difference in satisfaction between LEED and non-LEED build-
ings, but the effect size of such variations is, for most, practically negligible.  

• The positive value of LEED certification from the point of view of the satis-
faction of occupants with workspaces’ IEQ may tend to decrease with time. 

• Trends were found suggesting that users of LEED buildings may tend to be 
slightly more satisfied with air quality and less satisfied with amount of light. 
Also, LEED-rated buildings may be more effective in providing satisfaction 
in open spaces rather than in enclosed offices, and in buildings of small size. 

To tackle the gap between design predictions and performance in prac-
tice, a paradigm shift in standards and tools is required, founded on the ap-
preciation of the complex environmental, socio-cultural, and economic pa-
rameters that drive the design and operation of buildings, and of the intimate 
connections between physical, physiological, and psychological factors that 
inform user perception and satisfaction with indoor environmental quality. 

To frame the results here presented, it should be considered that LEED, 
as well as other rating tools, are relatively new to the building industry, and 
that these programs are undergoing continuous revisions to promote the ad-
vance of sustainability in buildings, and the comfort and well-being of users. 
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Among other aspects, in the future rating tools may benefit from further at-
tention to: criteria comprehensively addressing visual and thermal comfort; 
development of credits related to acoustic performance; provision of internal 
environmental controls; support for an interdisciplinary design process; and, 
integration of post-occupancy evaluation protocols into the accreditation sys-
tem. It is believed that new, updated, versions of these tools (e.g., LEED v4) 
are taking relevant measures to address most (if not all) these issues. 
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