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Abstract

There are many Green Hospitals certification criteria in the industry, depending on the institute that issues
the certification. Designers, builders, owners aim to achieve these criteria requirements in their studies but
not always consider the end user’s perspective. The aim of this article is to determine the most valuable
LEED certification criteria, that contributes towards the success of the project after it is built, from the end
user’s perspective in hospitals with LEED certification in Turkey. The authors hypothesized that easiness
and comfort values related to LEED certification criteria are the general values that end-users are looking
for in their working environment. In order to determine the most valuable criteria, authors have selected a
focus group of people who have working experience in both LEED and non-LEED certified hospitals. First,
the Delphi technique is utilized to generate a list of advantages for working at a LEED-certified hospital, and
then a shorter list is generated by comparison of the abovementioned list with LEED certification criteria.
Finally, Analytic Hierarchy Process (AHP) is used to find out the most valuable LEED certification criteria.
The hypothesis has been confirmed with AHP results.
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1. Introduction voluntary environmental certification system
aiming at the development of high performance and
sustainable buildings. LEED, with 96,275 both
certified and registered projects in more than 167
countries, is the most widespread and recognized
green building certification and rating system of the
world. Turkey is ranked as the sixth country outside
of the US in terms of cumulative LEED-certified
gross square meters in 2018 [2]. In July 2019,
USGBC also announced that Turkey had 357

The demand for Green Hospitals is expeditiously
becoming the most significant trend in the
healthcare construction sector. Constructing a
Green Hospital is achieved mainly by the following
criteria; its maximization of economic benefits,
addressing the quality, reduction in waste, and
minimization of adverse environmental impacts. In
other words, Green Hospitals provide decreased

operation costs, energy, and water usage and better - ) ) )
clinical results [1]. certified and 523 registered LEED projects with a

Leadership in Energy and Environmental total of 39.1 million gross square meters. As of July
Design (LEED), which was developed in 1993 by 2019, USGBC [2] demonstrated the current status

the U.S. Green Building Council (USGBC), is a
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of green healthcare facilities in Turkey, as shown in
Fig. 1.

LEED certification for building design and
construction is known as LEED BD+C. This
category of LEED certification  further
subcategorized to use of the building, and for this
article, only healthcare facilities were studied. In
other words; LEED BD+C: Healthcare was
specifically activated for healthcare facilities and
other hospitals that operate on 24/7 schedules and
provide inpatient medical treatment. Healthcare
projects can earn credits from several categories
which are sustainable sites (SS), water efficiency
(WE), energy and atmosphere (EA), materials and
resources (MR), indoor environmental quality
(IEQ), innovation and design (ID) and regional
priority (RP) credits. The scorecards of three LEED

Certification in progress

gold-certified healthcare facilities in Turkey are
detailed in terms of abovementioned category
credits in Table 1.

In this article, authors try to find out the most
valuable LEED certification criteria, that are
presented in Table 1, from the end wuser’s
perspective. Thus, the initial approach utilized in
this paper is the Delphi technique. Delphi technique
is implemented with participants from the
healthcare sector. With the help of this technique
and the questionnaire results obtained from the end-
users, questionnaire participants, the most valuable
certification criteria can be found. Yet, these results
will not present the relative importance of what has
been found. Thus; in order to overcome this
inadequacy, the authors utilized the AHP technique.

LEED Certified J
LEED Silver ]

LEED Gold S mmmmy

LEED Platinum )

Fig. 1. Current status of green healthcare facilities in Turkey [2]

Table 1. Gold-certified LEED scorecards of green healthcare facilities in Turkey [2]

HEED S0 Y YongsaptitC;ty Aﬂi@ﬁ.fa'f / Eﬁéls?n(t:z;ry
Sustainable Sites 12 of 18 10 of 18 11 of 18
Water Efficiency 50f9 70f9 8 of 9
Energy & Atmosphere 15 of 39 23 of 39 23 of 39
Material & Resources 8 of 16 8 of 16 4 of 16
Indoor Environmental Quality 11 of 26 8 of 26 10 of 26
Innovation 6 of 6 30f6 4 0f 6
Regional Priority Credits 3of4 3of4 3of4
LEED Scorecard 60/110 62/110 63/110
LEED Certification GOLD GOLD GOLD
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2. Literature review

There are many building sustainability rating
systems available today to evaluate the
performance of the buildings. The well-known
rating systems specifically developed for healthcare
facilities are as following; Leadership in Energy
and Environmental Design (LEED) developed in
the  United  States, Building  Research
Establishment’s Environmental Assessment
Method (BREEAM) developed in the United
Kingdom, and Green Star developed in Australia.
Buffoli et al. [3] evaluated that LEED, BREEAM,
and ITACA (Istituto per I’Innovazione e la
Trasparenza degli Appalti e la Compatibilita
Ambientale, a rating system developed in Italy)
rating systems focus on the hospital structure, the
presence of technical, design and system aspects,
environmental and landscape sustainability.
However, it lacks the depth of economic and social
aspects affecting the system of healthcare facilities
and other aspects, including users’ participation and
involvement, managerial issues, and health
outcomes.

Wittmann [4] stated that sustainable healthcare
facility design increases the patient outcomes,
improves the safety of both patient and hospital
staff, enhances the satisfaction of both patient and
hospital staff, develops better community image
and loyalty, improves cost savings and increases
productivity.

Furthermore, questionnaire results of designers,
contractors, owner or providers from Berkeley
(CA), New Haven (CT), Chicago (IL) and Orlando
(FL) regional conferences on the delivery of
healthcare facilities held by Design-Build Institute
of America, Phelps et al. [5] indicated that;
= Reduced use of water and energy due to

efficient design (34%), increased indoor air
quality (25%), improved use of daylight (19%),
reduced use of materials with high content of
volatile organic compounds (13%), reduced use
of toxic cleaning products and pesticides or
herbicides (4%), and reduced worker injuries
and workdays lost (5%) are the most valuable
benefits of the green healthcare facilities.

=  Complexity of facilities (18%), higher design
and construction expenses (35%), codes and
regulations governing the design and operation

(10%), project delivery and contracting

practices (14%), ignorance based on the

alternative technologies and material (20%) and
other issues (3%) are the major obstacles for the
delivery of the green healthcare facilities.

= Reduced energy cost (30%), increased rate of
patient recovery (31%), reduced average patient

stay (7%), decreased infection rate (23%),

minimization of worker injuries and days lost

(7%) and other issues (2%) are the primary roles

of the green healthcare facilities.

There are several studies about elements
affecting the satisfaction and comfort of staff
members working at healthcare facilities in the
literature. Xuan [6] evaluated the performance of
LEED-certified healthcare facilities by surveying
164 staff members from one LEED-certified
healthcare facility and one non-LEED-certified
healthcare facility and surveying 146 staff members
from three LEED gold-certified healthcare facilities
and 3 LEED Silver-certified healthcare facilities.
= According to the survey results of 51 staff

members from LEED-certified healthcare

facility and 113 staff members from non-LEED-
certified healthcare facility, all six variables in

LEED-certified healthcare facility including

building design, ability to meet occupants’

needs, space use efficiency, image presented to
visitors, personal safety in and around building
and cleanliness showed more significant
differences in comparison with those in non-

LEED-certified healthcare facility.
= According to the survey results of 76 staff

members  from  LEED  Silver-certified

healthcare facilities and 70 staff members from

LEED gold-certified healthcare facility, the

staff members in LEED gold-certified

healthcare facilities gave the buildings
significantly higher ratings in terms of
performance variables than those in LEED

Silver-certified healthcare facilities.

Kim et al. [7] examined the significant factors
influencing healthcare staff members’ comfort and
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satisfaction through comparing the perceptions of

the healthcare staff from two LEED-certified

hospitals with one non-LEED certified hospital

both located in Michigan, United States. Based on

the overall results from an empirical study targeting

three hospitals;

= Healthcare staff members working in LEED-
certified hospitals displayed higher satisfaction
scores in all seven items which are mainly
happy to work, like the job, well-organized
department, adequate safety and health
standards, adequate personal space, a balance
between work and personal life and excellent to
work,

= Lighting, ventilation, hospital layout, and
wayfinding affect the occupants’ satisfaction
with their healthcare environments in both
LEED-certified and  non-LEED-certified
hospitals,
= The perception toward each comfort categories
in  LEED-certified hospitals influenced
occupants’ satisfaction toward their workplace
significantly,

= The other comfort categories such as indoor
natural settings, materials, and colors, and
humidity also demonstrated an essential
contribution toward overall satisfaction,

= All mean values for each comfort categories
including temperature, humidity, noise,
ventilation, lighting, layout, wayfinding,
materials and colors, indoor natural settings and
outdoor range for LEED-certified hospitals
were higher than neutral while most of the mean
values (excluding lighting and indoor natural
settings) for non-LEED certified hospitals were
equal to or less than neutral.

Additionally, Huang [8] demonstrated the
significant difference between two LEED-certified
healthcare facilities and one non-LEED certified
healthcare facility in Michigan, United States by
conducting a quantitative study using surveys with
healthcare staff including doctors and nurses. From
the examination of ten comfort categories;
= Seven of the ten comfort categories which are

indoor natural settings, lighting, materials and

colors, ventilation, humidity, hospital layout,

and wayfinding were found to correlate the

satisfaction and comfort of healthcare staff,
= Three of the ten comfort categories which are

the outdoor lounge, noise, and temperature were
found to be irrelevant to the satisfaction level
towards their working environments while they
perform better in LEED-certified healthcare
facilities compared to non-LEED-certified
healthcare facility in the study.

Moreover, Harris [9] utilized a multi-method
research design and quantitative analysis of data
sets from one LEED platinum-certified healthcare
facility, two non-LEED-certified new healthcare
facilities and three non-LEED-certified existing
healthcare facilities and included employee survey
responses and human resource employee data
provided by the hospital system in order to link the
hospital environments to the quality of care and the
associated cost of care by the examination of
healthcare employee engagement, turnover, illness
and injury. Based on the results from the survey;
= Perceptions of the built environment affected

the employee engagement and health and well-

being up to 14%,
= Turnover and injury reductions were significant

and resulted in substantial cost differences; a

cost reduction of $2.17M based on the facility

replaced, and a total annual cost reduction in
operational costs of $2.24M when compared to

2 non-LEED-certified new healthcare facilities.

From the patients’ point of view, Sadatsafavi et
al. [10] compared the performance of nineteen
green healthcare facilities with the average
performance of traditional hospitals by the
utilization of data from the public Hospital
Consumer Assessment of Health Plans Survey
(HCAHPS). The findings demonstrated that the
patients in green healthcare facilities reported a
higher overall satisfaction rating in comparison
with the traditional ones and recommended to their
friends and family. While the relationship between
indoor environmental quality credits and HCAHPS
scores are not clear, patients in green healthcare
facilities reported slightly higher satisfaction with
quietness and cleanliness of patient areas.
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Ulusoy [11] evaluated to verify that LEED-
certified healthcare facilities minimize waste
production and energy consumption and enhance
patient satisfaction. According to the results of
patient survey, Hospital Consumer Assessment of
Healthcare Providers and Systems (HCAHPS),
conducted in 54 LEED-certified healthcare
facilities and 23 non-LEED-certified healthcare
facilities in the United States based on t-tests,
= Nurses working in LEED-certified healthcare

facilities  mostly  demonstrated  better

communication with the patients than the ones
working in non-LEED-certified healthcare
facilities with a significant difference,

= Doctors working in non-LEED certified
healthcare facilities mostly demonstrated better
communication with the patients than the ones
working in LEED-certified healthcare facilities
with a negligible difference,

= Patients treated in  non-LEED-certified
healthcare facilities received quicker help than
the ones treated in LEED-certified healthcare
facilities with a negligible difference,

= Pain control in LEED-certified healthcare
facilities was better than that in non-LEED-
certified healthcare facilities with a negligible
difference,

= Medicines usually are not introduced to the
patients by hospital staff in both LEED-certified
and non-LEED-certified healthcare facilities,

= Non-LEED-certified healthcare facilities are
cleaner than LEED-certified healthcare
facilities with a negligible difference,

= Non-LEED-certified healthcare facilities made
the patients’ room quieter than LEED-certified
healthcare facilities with a negligible difference,

= Patients rated and recommended the LEED-
certified healthcare facilities higher than non-

LEED-certified healthcare facilities with a

significant difference.

As explained in all the above literature surveys,
the perspective of end-users who work at a green
hospital is related to green building certification
criteria. Although the perspective may somehow
differ for the profession of the evaluator, it can be
concluded that there are varying differences

between a green hospital and a not green hospital in
terms of advantages. This article studies those
differences with respect to its relevance with green
building certification criteria with a final
prioritization evaluation.

3. Research methodology

3.1. Methodology

In this paper, the Delphi technique is determined as
the first research tool. Delphi technique is a group
interview method where experts of a subject
provide their responses to a questionnaire; then
responses are circulated among these experts, then
further rounds of responses are collected from these
experts for the same questionnaire with the aim of
reaching consensus among experts in relation to
their responses. In this article, it is aimed to limit
the scope of research to determine the most
valuable LEED certification criteria by obtaining
consensus in the differences of opinion through the
Delphi technique. Although this interview
technique may take a longer time to reach
consensus among experts, yet it allowed authors to
receive answers from experts who are
geographically separated. In order to apply this
technique, a questionnaire was provided to fifteen
personnel (end users) working at a LEED-certified
hospital. All these hospitals had been in operation
for at least a year when abovementioned Delphi
questionnaire was applied. Also, this fifteen
personnel are randomly selected from varying
fields of profession in a hospital, and they also have
previous experience at a non-LEED certified
hospital. The profession of personnel and number
of experts who joined this study are shown in Table
2 below.

Sahin [12] stated that the questionnaire should
be undertaken with at least a group of seven people.
In the first round of the questionnaire, an open-
ended question was asked to experts in order to
avoid directing any expert. The question was,
“What do you think are advantages of working at a
LEED-certified hospital in comparison to the non-
LEED-certified hospital?”.
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Table 2. Profession and number of experts

TS Admch  Halsch
Doctors 1 1 1
Other Medical Staff 1 1 1
Technical Staff (Facility Management) 1 3 2
Administration 1 1 1
Total 4 6 5

Then the second round of Delphi technique was
undertaken, and this time, all previous responses
were provided to all participants, and they were
requested to revisit their previous answers to check
if they would like to revise their previous answers.
As Sahin [12] stated, in the second round of the
questionnaire, the participants were asked to
evaluate the answers with the following Likert-
scaling ‘I disagree = 1, [ agree =7".

The analysis of the answers to the second round
of the questionnaire was carried out, and the first
and third quartiles, median, and width values of
answers were determined. As Sahin [12] points out,
the low width value between first and third quartiles
suggests that there is a consensus among the
participants. On the other hand, the third Delphi
questionnaire was prepared on the benefit seen in
taking a further step in the consensus and the first
and third quartiles, median, and width values were
sent to the participants clearly, and the participants
were asked to indicate if there are any changes in
their opinions. In all applications (rounds) of the
Delphi technique, confidentiality was a key
element.

Then, a shorter list was obtained from the results
of the third questionnaire. This list was created by
the answers which are directly related to LEED
categories and with median values above 6.

Prioritization of the list of answers obtained as
a result of the Delphi technique would provide
benefit owners, designers, engineers, etc. in many
ways for their role in project’s application for the
LEED certification. Thus, in order to prioritize
these advantages analytical hierarchy process,
which is a multi-criteria decision evaluation

methodology, the tool was utilized. Although this
tool is used to assess the subjective evaluation of
the experts involved, yet the answers of the experts
are evaluated for their consistency. Additionally in
order to prioritize multi-criteria available, this tool
has an applicability advantage of pair-wise
comparisons.

Thus, multi-criteria decision evaluation is done
by pairwise comparison of the list items obtained as
a result of the Delphi technigue. In this pairwise
comparison, questionnaire participants were asked
to scale their preferences from 1 to 9 for each list
items. Depending on which item the participant
favors, then s/fhe was asked to rate that item a
number between 1 to 9. This process shall be
completed for all pairwise comparison. These
comparison scaling will create a matrix where the
diagonal values are all equal to 1, and where we
have the upper triangular matrix. In this technique,
the lower triangular matrix is obtained by the
reciprocals of the upper triangular matrix values. In
other words; if aij is the element of row i column j
of the matrix, then the lower diagonal is filled using
this formula:

ai = —
j a

@)

Then the priority vector, namely eigenvector,
and principal eigenvalue, namely A, of result matrix
are calculated. The results will provide us with the
preferences of the participant on the percentage
base. The total of the percentage base preferences
of a participant will be equal to 1. This AHP
technique requires a second check to see if the
participant has provided answers in a consistent
way, i.e. authors have checked the consistency of
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subjective judgment of the participants. Saaty [13]
gave a measure of consistency, namely Consistency
Index (“CI”) find by the following formula:

__Amax-n

CI (2

where A is the principal eigenvalue and n is the
number of items that are compared. Saaty also
proposed to use this index by comparing it with
Random Consistency Index (“RI”) with the values
presented in Table 3.

The comparison is done by the following
formula, where Consistency Ratio (“CR”) is:

n-—1

_a
CR=—_ (3)

If Consistency Ratio is smaller or equal to 10%,
the inconsistency is acceptable.

3.2. Methodology results

Table 4 below presents a total of 33 advantages
stated by the participants in all rounds of the
questionnaire, in which all participants provided
feedback. Table 4 also presents the statistical values
for the advantages, namely first (Q1) and third (Q3)
quartiles, median (MD) value and width (W) value
achieved at the end of the third round of Delphi
technique. Fig. 2 represents this list of advantages
in terms of its median values. As a result, there are
seven advantages which have median values equal
or above six, 20 advantages which have median
values between six and equal or above four, and six
advantages which have median values below four.
Out of 33 advantages listed in Table 4, there are
9 of them directly related to these LEED categories
(sustainable sites (SS), water efficiency (WE),
energy and atmosphere (EA), materials and
resources (MR), indoor environmental quality
(IEQ), innovation and design (ID) and regional
priority (RP)). Table 5 presents this sub list.

Table 3. Random consistency index

Table 4. The third round of the Delphi questionnaire
results

Advantages of working at a
LEED-certified hospital

larger working spaces
many services at one location

opportunities for more
personnel

increased rate of overnight
patient recovery

increased rate of patient

No Q1L MD Q3 W

4,00 4,00 5,00 1,00
4,00 5,00 5,00 1,00

4,00 4,50 5,00 1,00

4,00 4,00 5,00 1,00

recovery 2,25 5,00 5,00 2,75
6 less patients dispatched to out
of province 4,00 4,50 5,00 1,00

less patients dispatched to the
7 new hospital from out of
province

ability to meet occupants’
satisfaction

better services presented to
patients

improved personnel
satisfaction

more education opportunities
for personnel 3,25 4,50 5,00 1,75

12 improved working procedures 3,00 3,00 3,75 0,75
13 reduced energy/water/gas cost 6,25 7,00 7,00 0,75
14 better indoor air quality 3,00 4,00 5,00 2,00
15 improved use of daylight 3,00 3,50 5,00 2,00
16 easy transportation 7,00 7,00 7,00 0,00
17 many parking lots 7,00 7,00 7,00 0,00
18 reduced average patient stay 3,00 4,00 5,00 2,00
19 well organized departments 2,00 2,00 4,00 2,00
20 thermal comfort 6,00 6,00 7,00 1,00
21 innovative building features 2,00 3,00 4,50 2,50

existing alternative
transportation 3,25 4,00 4,75 1,50

23 successful waste management 4,25 5,00 5,00 0,75
24 Detter views of patient rooms 6,00 6,50 7,00 1,00

decrease stress of staff and
patients

26 fast delivery of services

utilization of trigeneration
system

3,25 4,00 5,00 1,75

5,00 5,00 5,75 0,75

4,00 4,00 5,00 1,00

10 2,25 3,00 4,50 2,25

11

22

3,00 3,50 4,00 1,00
3,00 4,00 4,75 1,75

2l 4,25 5,00 5,00 0,75

n 12 3 4 5 6 7 8 9 10

RI 0 0 058 0.9 1.121.241.321.411.451.49

28
29
30

better food services

increased quality control

use of technology

3,00 4,00 5,00 2,00
5,00 5,00 5,00 0,00
3,00 4,00 5,00 2,00

31 up-to-date equipment 4,00 4,00 5,00 1,00
32 savings in water usage 5,25 6,00 6,00 0,75
33 savings in energy cost 6,00 6,50 7,00 1,00
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20
MEDIAN >=6 = 6 > MEDIAN >= 4 = 4 > MEDIAN
Fig. 2. Number of advantages in terms of its median

Table 5. Advantages that are directly related to a LEED
category

Advantages of working at a

No  LEED category | eppy.certified hospital

13 EA reduced energy/water/gas
cost

16 SS easy transportation

17 SS many parking lots

20 IE thermal comfort

23 MR successful waste
management

24 IE better views of patient rooms

27 EA utilization of trigeneration
system

32 WE savings in water usage

33 EA savings in energy cost

Table 6. Scaling of advantages (all values are in percentages)

Successful waste management and utilization of
a trigeneration system named advantages were not
included in the process, as their median value
obtained in the Delphi technique are less than 6.
Thus, there are a total of 7 seven advantages
evaluated in AHP to find their relative importance.
Same fifteen experts were requested to list these 7
seven advantages in terms of their importance. The
experts scaling of these advantages and the
consistency ratio of each evaluation is presented in
Table 6.

3.3. Discussion of results

As seen in Table 6, the consistency ratio of all
experts is less than 10% meaning the inconsistency
of the answers of each expert is within the
acceptable range. The results indicate that easy
transportation, existing many parking lots, and
reduced energy/water/gas cost are the most
valuable advantages of working at a LEED-
certified hospital in Turkey.

Fig. 3 below indicates Table 6 results from
another perspective. In this figure, it represents how
many times the related advantage was scaled as the
most valuable. As shown in the figure, easy
transportation was scaled as the most valuable
advantage. Additionally, both existing many
parking lots and thermal comfort was scaled as the
most valuable advantage by two other experts.

Advantage Name /

Expert No 1 2 3 4 5 6 7 8 9 10 Total
Erfgr‘é‘;;\‘jvater P 20 28 13 14 13 16 20 14 9 15 160
Easy transportation 32 22 26 18 18 15 32 21 14 13 211
Many parking lots 9 12 27 18 15 31 9 16 11 13 163
Thermal comfort 15 15 8 21 26 10 15 16 12 15 151
E)eot:ﬁ; viewsofpatient 4 ;45 g 9 10 9 9 11 10 o4
Savings in water usage 6 12 9 9 14 27 13 111
Savings in energy cost 9 9 9 12 17 21 111
Consistency Ratio 92 99 90 65 75 66 92 55 64 84
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Savings in energy cost —
Savings in water usage —

Thermal comfort \

Many parking lots \

Easy transportation
Reduced energy/water/gas cost \
0
1
2
3

Fig. 3. Number of advantages from LEED criteria that are scaled as the most valuable

4. Conclusion

In conclusion, LEED certification criteria for
hospital buildings have been evaluated in this
article from end user’s perspective. Questionnaires
have been provided to experts from the industry
who have working experience for both LEED and
non-LEED certified hospitals. First of all, the
Delphi technique was utilized to acquire the most
valuable advantages of working at a LEED-
certified hospital. The obtained long list was
shortened with their relevance to LEED
certification criteria. The shortlist was again re-
listed by experts’ opinion for their relative
importance to each other with the help of the AHP
technique due to shortcomings of the Delphi
technique to provide the mentioned priority. In the
end, the initial hypothesis of the authors was
confirmed such that easiness and comfort values of
LEED criteria is the most valuable LEED
certification criteria from the end user’s perspective
also. In other words; savings in cost, thermal
comfort, easy transportation and existing many
parking lots are the most valuable advantages
according to end user’s opinion which is also LEED
certification criteria that are related to easiness and
comfort. For future works related to this topic, a
focus group of experts’ number can be increased,
and the same procedure explained in this article can
be repeated. This study can also be repeated for
buildings in sectors other than healthcare to find out

about the preferences of end-users in relation to
LEED certification criteria.
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