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Abstract

A green roof is a roof of a building that is partially or completely covered with vegetation and a soil (growing media) as its outermost
surface, planted over a waterproofing membrane. There are several reasons for implementing green roof systems on top of buildings
such as mitigation of urban heat island effect and rainwater, carbon sequestration, aesthetic appeal, creating a habitat, increasing
agricultural space, and so on. The objective of this paper is to develop and test a theoretical model grounded in the Technology
Acceptance Model (TAM) to investigate key factors that affect behavioral intention to implement a green roof system. Together
with the basic structure of TAM, we take into account additional constructs such as self-efficacy, perceived behavioral control and
government support. The hypotheses were tested using questionnaires on green roof systems collected from 204 citizens across
Turkey. The Structural Equation Modeling (SEM) methodology was implemented by using SmartPLS 3.2.7 software to evaluate
the obtained data and test the proposed hypotheses. The results indicated that behavioral intention to implement was affected
significantly by attitude, subjective norm, and perceived behavioral. Moreover, self-efficacy and government support have
significant effects on perceived behavioral control; and perceived usefulness has significant effect over attitude. The implications
of the results are reviewed, and the recommendations are provided for the further studies. This study provides new practical insights
for authorities seeking to implement green roof systems.

Key words: energy, government support, green roof systems, structural equation modeling, technology acceptance model

Received: May, 2020; Revised final: December, 2020; Accepted: February, 2021; Published in final edited form: May, 2021

1. Introduction

Urban population has been growing rapidly for
a few decades, and it is anticipated that it will grow
over 70% by 2030 (United Nations, 2007). With such
high growth rates in urban populations, comes several
destructive impacts on the climate and the ecological
systems balance, particularly in developing countries.
Because of high-density urban development,
biological habitats are substituted by urban zones,
isolating individuals from natural ecosystems (Bonoli
et al., 2013; Li et al., 2005). Rapid urbanization
restricts the availability of green areas and demands an
exploration for novel and innovative alternatives such
as green roofs.

A green roof is a roof of a building that is

partially or completely covered with vegetation and a
soil (growing media) as its outermost surface, planted
over a waterproofing membrane. In cities of Turkey,
many green roof systems have been installed not only
publicly but also privately for the last 10 years
(Beyhan and Erbas, 2013), most notably the green roof
at Zorlu Center Shopping Mall with an area of 60,000
m2 and the green roofs on top of the Turkcell R&D
Building in Istanbul with an area of 2.500 m? (Kulekci,
2017). In 2014, a public bus with a green roof garden
hit the roads in Istanbul, Turkey to raise awareness of
problems related to the environment (Hurriyet Daily
News, 2014). Apart from the attractive appearances of
green roof systems, there are also a lot of solid
economic and ecological benefits including mitigation
of the urban heat island effect and rainwater, carbon
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sequestration, growth in biodiversity and habitats, and
decrease in air conditioning energy requirements
(Fernandez-Cariero et al., 2013).

Despite the increasing usage of green roof
systems and few earlier researches on the individuals’
perception of them (Carlet, 2015; Hamzah et al., 2016;
Kalantari et al., 2016) no earlier studies explored
acceptance of green roof systems in Turkey.
Therefore, this study aims to fill the gap by exploring
key factors affecting users’ green roof systems
acceptance in Turkey. The individuals are a highly
important element, and their inclination to use green
roof systems will direct its future. In order to construct
a strong theoretic base to explore the green roof
system acceptance, this study proposed a novel
theoretical model by extending the Technology
Acceptance Model (TAM).

2. Background and hypotheses development

TAM was proposed by Davis (1989). It is a
popular methodology for measuring acceptance of
novel tools in various fields; for example, information
technology, construction, education, etc. The TAM
consists of the factors of actual use, behavioral intention
to use, attitude toward use, perceived usefulness and
perceived ease of use. Based on the TAM, perceived
usefulness and perceived ease of use are the primary
antecedents predicting attitude towards use and
behavioral intention to use. This study extended the
TAM by incorporating additional constructs including
self-efficacy, perceived behavioral control, and
government support to better explain the acceptance of
green roof systems. The proposed theoretical model is
provided in Fig. 1.
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Fig. 1. Research model

2.1. Behavioral intention to use (BIU)
Behavioral intention is ‘the degree to which a
person has formulated conscious plans to perform or

not perform some specified future behavior’
(Warshaw and Davis, 1985). It assesses the intent of
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the user, while giving an idea about the level of
acceptance of this technology by an organization
(Mahindrooa et al., 2012).

2.2. Attitude (ATT)

Attitude means ‘the degree to which a person
has a favorable or unfavorable evaluation or
appraisal of the behavior in question’ (Ajzen, 1991).
It defines the individuals’ behavior for a service or
product. Earlier works show the significant effect of
ATT on BIU (Ho, 2010, Lee, 2010, Wu and Chen,
2017). Therefore, we proposed the following
hypothesis:

H1: Attitude is positively related to the
behavioral intention to use green roof systems.

2.3. Subjective Norm (SN)

Subjective norm refers to ‘a person’s
perception that most people, who are important to
him, think he should or should not perform the
behavior in question’ (Fishbein and Ajzen, 1975).
Previous studies indicate that SN affects BIU
positively (Kwak et al., 2012, Venkatesh, 2000).
Therefore, the following hypothesis was proposed:

H2. Subjective norm is positively related to the
behavioral intention to use green roof systems.

2.4. Perceived behavioral control (PB)

Perceived behavioral control is “people’s
perception of the ease or difficulty of performing a
behavior” (Ajzen, 1991). It is one of the predictors of
behavior according to the theory of planned behavior.
The earlier studies show that impact of PB on BIU is
positive (Hansen et al., 2018, Kang et al., 2006, Liew
et al., 2017, Ramayah et al., 2009). Hence, we
proposed the following hypothesis:

H3. Perceived behavioral control is positively
related to the behavioral intention to use green roof
systems.

2.5. Perceived usefulness (PU)

Perceived usefulness means “the degree to
which an individual believes that using a particular
system would enhance his or her job performance”
(Davis, 1989). According to the TAM, perceived
usefulness influences the attitude positively. In this
study, a person who intends to utilize a green roof
system believes that it would improve their living
standards. Therefore, we developed the following
hypothesis:

H4. Perceived usefulness is positively related
to the attitude to use green roof systems.

2.6. Perceived ease of use (PEOU)
Perceived ease of use is ‘the degree to which a

person believes that using a particular system would
be free of effort’ (Davis, 1989). The level of usability
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affects end-user’s behavior towards system use. If it is
low, the users are affected negatively. Hence, the
positive insights of end-users to use a new technology
will facilitate the use of the system (Hamad et al.,
2017, Liuetal., 2018). TAM claims that PEOU affects
ATT and PU positively. Hence, the following
hypotheses were proposed:

H5. Perceived ease of use is positively
related to the attitude toward using green roof
systems.

H6. Perceived ease of use is positively
related to the perceived usefulness of using green roof
systems.

2.7. Self-efficacy (SE)

Self-efficacy means “the people's judgments
about their capabilities to perform, organize and
manage a particular task, that is, perceptions of people
about what they can do with their capabilities”
(Bandura, 1977). Previous studies show that SE
positively impacts PB (Ajzai and Madden, 1986,
Ajzen, 1985, Ajzen, 1991, Ajzen and Driver, 1992).
Therefore, we proposed the following hypothesis:

H7. Self-efficacy is positively related to the
perceived behavioral control of using green roof
systems.

2.8 Government support (GS)

Governments may affect the acceptance of
novel systems, depending on the amount of support
they offer. Government support is important in the
circulation of novel technologies (Lee-Partridge and
Ho, 2003, Tan and Teo, 2000). Earlier research
indicates that GS has a positive effect on PB (Nasri
and Charfeddine, 2012; Zolait, 2014). The more
government support an individual receives; the more
likely this individual would adopt a green roof system.
Hence, we developed the following hypothesis:

H8. Government support is positively related to
the perceived behavioral control of using green roof
systems.

3. Methodology
3.1. Survey design

The obtained data was collected through an
online questionnaire via Google Forms. A pilot
version of the survey was face-validated and revised
based on the suggestions from a group of respondents.
The aim and context of this research were provided to
the participants. The questionnaire consisted of three
sections. The covering letter and informed consent
form were included in the first section. The next
section included the demographic inquiries; for
instance, age, marital status, etc. The third section was
related to the scales (items) of the green roof system
acceptance. Since the literature-based model was used
in this study, the items which measures the constructs,
were obtained from the literature. Table 1 shows the

constructs and their items along with source
references. A five-point Likert scale was used to
measure participants’ opinions on each item. This
five-point scale ranges ‘from strongly disagree’ =1 to
‘strongly agree’ =5. The questionnaire included no
personal details that could possibly indicate a specific
respondent's identity. In order to determine acceptance
towards green roof systems, it was recommended to
have a survey with a diverse participant group. The
sample involved respondents from  various
background who were interested in knowing more
about green roof systems, including people who have
already experienced or will probably experience green
roof systems.

3.2. Data analysis

A multivariate analysis model, Partial-Least-
Squares Structural Equation Modeling (PLS-SEM),
was employed to validate the proposed research
model. This displaying method empowers scholars to
elucidate moderately novel situations even in the
absence of a hypothetical foundation.

The PLS-SEM, which was utilized in the
existing studies, gives precise estimations even if the
distribution of the data is not normal (Bayraktar et al.,
2017). The SmartPLS 3.2.7 programming was utilized
as the analytical tool.

4. Results

The findings of this paper consist of results of
descriptive analysis, measurement model and
structural model.

4.1. Descriptive analysis

A number of 204 questionnaires were
completed in total, which is satisfactory to conduct
Partial Least Squares-Structural Equation Modeling
methodology (Hair et al., 2006).

About 67% of the respondents were male, 45%
of them being between the age of 30 and 39. When we
look at the marital status, 68% were married. The
majority of the respondents had an undergraduate
degree, with at least 54%; and 71% of them are
employed. Around 65% had their own home, and
majority of them, 79%, lived in an apartment. 69%
stated the ‘distance between their homes to nearest
green space less than 2 km’. Moreover, 79% ‘spend
some time in public green spaces’. The details of the
demographics are summarized in Table 2.

4.2. Measurement model

The overall validity and reliability are
measured by the values of factor loadings, Cronbach’s
alpha, composite reliability (CR), average variance
extracted (AVE) and Fornell & Larcker criterion.
According to Table 3 and Table 4, those measures
were found to be greater than their acceptable
threshold values (Agarwal and Karahanna, 2000;
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Amoako-Gyampah and Salam, 2004; Fornell and
Larcker, 1981; Hair et al., 2006; Jaafar et al., 2018;
Mishra and Akman, 2014; Nwankpa and Roumani,
2014; Sheikh et al., 2017), meaning that the data is
valid and reliable.

4.3. Structural model

The model is evaluated via the bootstrapping
technique by calculating the path coefficient (B), t-
statistics, p-values and coefficient of determination
(R-Square) (Hair et al., 2016). Hypotheses with a p-
value lower than 0.05 (t>1.96) were supported. The
output of the model was summarized in Table 5; based
on the analysis results, seven of the eight hypotheses
were supported significantly.

Management Journal 20 (2021), 5, 863-870

Attitude, subjective norms and perceived
behavioral control all had a positive influence on the
behavioral intention to use green roof systems, thereby
Hypotheses 1, 2, and 3, were supported. Perceived
usefulness of green roof systems appeared to be the
only attribute that had a direct positive effect on
respondents’ attitudes toward acceptance, thereby
Hypothesis 4 was supported. Perceived ease of use
predicted perceived usefulness; hence, Hypothesis 6
was supported; whereas, its effect on attitude toward
accepting green roof systems was not significant,
thereby Hypothesis 5 was not supported. Government
support respondents’ self-efficacy to acceptance had
positive influences on the perceived behavioral
control of green roof systems, thereby Hypothesis 7
and 8 were supported.

Table 1. Constructs, codes, references and items

Construct Code Items Reference
Perceived Ease of | PEOU1 [‘Green Roof systems are ease to learn and implement.” Carlet (2015),
Use PEOU2 [“Itis easy to use the Green Roof systems.” Hamzah et al. (2016);
PEOU3 [‘My interaction with the Green Roof systems is clear and Ndubisi (2006)
understandable.”
Carlet (2015);
Perceived PU1  [‘Using Green Roof systems enables me to improve my Huh et al. (2009)
Usefulness PU2  |productivity.”
PU3  [‘Using Green Roof systems enables me to enhance my
PU4  [effectiveness.”
PU5  [“Integration of traditional grey infrastructure with Green Roof
PU6  [systems could help my jurisdiction to better manage storm water
proof.”
“Adoption of Green Roof systems complementing traditional storm
ater management system in my jurisdiction would reduce runoff
pollution.”
“Green Roof systems retrofitting could enhance the effectiveness of
storm water infrastructure in my jurisdiction.”
“Overall, | believe using Green Roof systems is useful in my job.”
Attitude ATT1 [“Considering the pros and cons of Green Roof systems for storm  |Carlet (2015); Huh et al.
ATT2 ater management, | believe adoption of the tools in my jurisdiction|(2009)
ATT3 |in the near future would be...?”
ATT4 [“Considering the pros and cons of Green Roof systems for storm
ATTS ater management, | believe adoption of the tools in my jurisdiction
ATT6 [in the near future would be...b”
“l have no doubts adoption of Green Roof systems would provide
multiple benefits to my community.”
“Using Green Roof systems is a good idea.”
“Using Green Roof systems is a wise idea.”
“Using Green Roof systems is a pleasant.”
Government GS1  [“The government endorses Green Roof systems in Turkey.” Nasri and Charfeddine
Support GS2  [“The Turkish government is active in setting up the facilities to (2012)
GS3  [enable Green Roof systems.”
“The Turkish government promotes the use of the Green Roof
systems.”
Subjective Norms SN1 [“People who are important to me would think that I should use Ndubisi (2006)
SN2  |Green Roof systems.”
SN3  [“People who influence me would think that | should use Green Roof
systems.”
“People whose opinions are valued to me would prefer that I should
use Green Roof systems.”
Self-efficacy SE1 [l would feel comfortable using Green Roof systems on my own.” [Huh et al. (2009)
SE2  [“I would be able to use Green Roof systems reasonably well on my
SE3  pwn.”
“1 would be able to use Green Roof systems reasonably well on my
own.”
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Perceived PB1 ‘I have the resources necessary to use the Green Roof systems.” Ndubisi (2006)
Behavioral PB2 ‘I have the knowledge necessary to use the Green Roof systems.”
Control PB3  [“Given the resources, opportunities and knowledge it takes to use
PB4  the Green Roof systems, it would be easy for me to use the system.”
“l have control over using the Green Roof systems.”
Behavioral Intention] BIU1 [l intend to use Green Roof systems more in the future.” Huh et al. (2009)
to Use BIU2 [l want to use Green Roof systems for my everyday living.”
BIU3  [“Itis likely that I will use Green Roof systems for my future
BlU4 |everyday living.”
“Using the Green Roof systems is something | would do.”

“a Respondents were asked to complete the statement choosing from a scale of 1-5, with 1 = extremely good and 5 = extremely bad.”; “®

Respondents were asked to complete the statement choosing from a scale of 1-5, with 1 = extremely beneficial and 5 = extremely harmful.”

Table 2. Demographic characteristics of the respondents

Variable Range Values
Gender (%) F:/Ifzze 2
<20 1
20-29 23
30-39 45
Age (0 40-49 25
50-59 5
>59 1
i Single 32
0,
Marital status (%) N 2
Primary school 6
i High school 22
0,
Educational status (%) Undororaduats 2
Postgraduate/PhD 18
Employed 71
Occupation (%) Se”s"t?:;l;'n(;yed 189
Retired 2
Home ownership (%) Flr?e:r?tglld gg
Living place (%) Alﬁ\cl)’t;;:nt ?gz
<2 69
i 2-5 21
Distance between home and nearest green place (km) 10 2
>10 4
Spend some time in public green spaces (%) Kleos ;?

Table 3. Reliability and validity analyses

Construct Item Factor Loadings Cr%\r:rt))ﬁ;h s Composite Reliability Average V?X%rg; Extracted

PEOU1 0.926 0.925 0.952 0.869
Perceived Ease of Use PEOU2 0.948
PEOU3 0.922

PU1 0.882 0.953 0.963 0.813
PU2 0.921
. PU3 0.933
Perceived Usefulness PUA 0.921
PU5 0.925
PU6 0.823

ATT1 0.972 0.987 0.989 0.940
ATT2 0.964
. ATT3 0.979
Attitude ATT4 0.975
ATT5 0.978
ATT6 0.948

GS1 0.965 0.969 0.980 0.942
Government Support GS2 0.983
GS3 0.964

Subjective Norms SN1 0.966 0.974 0.983 0.950
SN2 0.983
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SN3 0.974
SE1 0.956 0.947 0.966 0.903
Self-efficacy SE2 0.964
SE3 0.931
PB1 0.896 0.939 0.956 0.846
Perceived Behavioral PB2 0.934
Control PB3 0.921
PB4 0.926
BIU1 0.967 0.971 0.979 0.920
Behavioral Intention to BIU2 0.964
Use BIU3 0.954
BIU4 0.953
Table 4. Fornell-Larcker criterion
ATT BIU GS PB PEOU PU SE SN
ATT 0.969
BIU 0.907 0.959
GS 0.651 0.688 0.971
PB 0.627 0.770 0.722 0.920
PEOU 0.755 0.757 0.659 0.667 0.932
PU 0.933 0.895 0.671 0.680 0.802 0.901
SE 0.897 0.919 0.684 0.784 0.771 0.900 0.950
SN 0.819 0.856 0.736 0.759 0.722 0.828 0.869 0.975
Table 5. Test results
Hypothesis Standard Deviation P Coefficient t-Statistics p-value Supported?
H1: ATT -> BIU 0.047 0.621 13.306 0.000 Yes
H2: SN -> BIU 0.069 0.138 2.008 0.045 Yes
H3: PB -> BIU 0.053 0.275 5.164 0.000 Yes
H4: PU -> ATT 0.041 0.917 22.597 0.000 Yes
H5: PEOU -> ATT 0.052 0.020 0.384 0.701 No
H6: PEOU -> PU 0.037 0.802 21.649 0.000 Yes
H7: SE ->PB 0.061 0.545 8.877 0.000 Yes
H8: GS -> PB 0.069 0.350 5.104 0.000 Yes

Fig. 2 illustrates the structural model with path
coefficients. The R-Square (R?) value indicates the
level overall variance of a variable. For instance,
attitude, subjective norms and perceived behavioral
control explains almost 90% of the total variance of
behavioral intention to use (“R-square = 0.893").

Perceived

Usefulness
R-Square = 0.643
[y

0.802* .

Attitude
R-Square = 0,871

Perceived Ease of
Use

Behavioral Intention |
to Use
R-Square=0,893

Subjective Norm

self-Efficacy

Perceived
Behavioral Control
R-Square = 0.679

Government
Support

Fig. 2. Research model results
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5. Conclusions

Due to quick urbanization, and therefore the
vertical growing of the cities, and the limited capacity
of green spaces, green roof systems seem to be a good
alternative to a dedicated green space such as a public
park. Some of the many benefits that green roof
systems may provide to urban areas are increases in
biodiversity, habitats and air quality, mitigations of the
heat island effect in cities and rainwater, reduction of
energy requirements for air conditioning.

This study represents a contribution to the
literature on green roof systems policy and practice by
incorporating theoretic perceptions on technical
novelty to detect factors that impact intention to accept
green roof systems usage. To the best of information,
this empirical research is the initial extensive research
that incorporates the factors stated earlier to observe
the antecedents of green roof system acceptance in
Turkey. Hence, the findings of this study will prove to
be an important source of information to green roof
systems users, investors, entrepreneurs, landscape
architects, regulators, governments and scholars since
they can help in understanding what motivates people
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to adopt green roof systems and, thereby, the findings
can make future forecasts on green infrastructure and
its diffusion possible.

The proposed model explains almost 90% of
total variance of behavioral intention to use green roof
systems, which is relatively high. The path analysis
implied that the outputs were similar to the earlier
TAM literature by presenting perceived ease of use
predicted perceived usefulness. Moreover, attitude,
perceived behavioral control and subjective norms
being significant antecedents of behavioral intention
to use. Further, government support and self-efficacy
were significant determinants of perceived behavioral
control.

The results imply that people’s likelihood of
implementing green roof systems into their lives relies
heavily on their belief that there will be governmental
support behind it, as well as the system will prove to
be affecting the general functioning and efficiency
positively. Along with these results, it can be said that
prospective users will take into account the opinions
of those around them, especially their friends’,
families’, and peers’ in deciding whether or not to
implement to such a system. An obstacle that needs to
be overcome on the path to installation of green roof
systems is the lack of information on the potential
benefits of these systems. Which leads us to the belief
that with a higher public awareness, governments and
individuals will be more inclined to be working with
green roof systems. The public motivation towards
these systems will also be positively affected by the
appreciation and validation the designers and the users
receive from the rest of the society.

As it is the case with any newly-introduced
system that promises resources to a certain audience,
it is crucial to ensure the availability of that resource
to the intended user to encourage adoption, which in
this case, the green roof system itself. On that note, it
can be conveyed that the system itself will create
availability of and access to green spaces within
residential and municipal buildings, hospitals, or
schools, to strengthen the perception of such systems
that would ultimately lead to increased interest in
them.

Despite the above-mentioned contributions of
the study, some limitations should be considered for
further studies. First, the observations provided in this
paper should not be generalized, as this study is
isolated within Turkey. The results may differ if the
same research model is tested in another country or
culture. Hence, as a further study, researchers may test
the model with diverse participants in another country,
and thereby, the results can be compared. Second, the
model did not take the demographics data collected
through the questionnaire as a factor. Hence, as a
future study, the role of gender, age, education level,
etc. can be incorporated and tested with the model.
Third, the proposed constructs explained 89.3% of the
variance in the behavioral intention to use. Therefore,
additional domain specific constructs can be included
in the model and tested in a future research. Lastly, for
a better understanding of green roof systems

acceptance, qualitative data can be used in a future
study.
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