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Abstract: It is of interest to know whether and how green building design can communicate green 
messages to the occupants and lead to their pro-environmental behaviours. The distinctive power of 
building elements as visual objects and their use for visual persuasion has not been studied in the 
context of green buildings. A preliminary survey was carried out in Melbourne Council House 2 and the 
results showed the potential of using green building design as a persuasion tool to influence the 
occupants’ pro-environmental behaviours. This finding ensured the necessity of a future full-study to 
extract: 1) the effectiveness of the (visual) green building design on persuading occupants to behave 
more pro-environmentally at building-level; and 2) the effects due to the occupants’ awareness and 
perception of the green design at individual-level. A hierarchical regression model with Bayesian 
inference was proposed and tested with fake data simulation. 
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1. Introduction 

Buildings that have been designed in the past century exemplify the then prevailing modernistic view, 
which demonstrated the human dominance worldview to their occupants (Lynam, 2007). However, the 
last few decades witnessed fundamental changes in the prevailing social worldview alongside the 
environmental movement (Lynam, 2007), resulting in the emergence of green building. Aside from 
technical advances in building technology, humans are also an important factor in building performance 
(Leaman et al., 2010).  

Earlier works have demonstrated that architecture influences human minds, attitudes and 
behaviours: ”All architecture proposes an effect on the human mind” (Ruskin, 1989). ”Architecture 
constantly touches us, shapes our behaviour, and conditions our psychological mood… architecture has 
the power to affect and condition human behaviour” (Roth, 1993). Yet, little research has evaluated the 
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operational performance of green buildings in relation to human attitudes, values, and behaviour 
(O'Callaghan and Hyde, 2011). 

Buildings visually represent themselves, demonstrating a distinctive feature as a communicating and 
teaching tool. Previous studies have already showed that the visualization of sustainability is effective in 
sustainable education and communication. Using residential buildings in Hong Kong as study sites, (Ma, 
2008) demonstrated the importance of transmitting sustainability through visual means and revealing 
interrelationships among the persuasive power of design and the experience of people. (Mann, 2011) 
suggested to communicate sustainability by visualizing sustainability through visual aids. To utilize this 
distinctive feature and imply future design, the visual persuasion of a green building is worthy of study. 

In the following sections, we aimed to identify the potential influence of green building design on 
changing occupants’ pro-environmental behaviour, especially the effectiveness of its visual persuasion. 
In section 2, relevant studies are reviewed. In section 3, a preliminary survey with 11 people who work 
in the Melbourne Council House 2 (CH2) is presented, identifying the potential of green design’s visual 
persuasion in influencing people’s pro-environmental behaviours. In section 4, a future study is 
proposed, supported by findings from the preliminary survey, and hypothetical data are simulated for 
demonstration purposes. The discussion and conclusions will serve as the final section. 

2. Literature review 

2.1. Studies of influence of green building design on occupants’ pro-environmental 
behaviours 

Behaviours are typically investigated for one of two reasons: 1) to understand why they emerge and 
what their associated impacts are; or 2) with the objective to change them (Gill et al., 2010). Numerous 
studies focused on investigating the latter part of the first reason (i.e. the impacts). Some tried to 
understand and measure human behaviours in regards to the actual building performance (Blight and 
Coley, 2013; Gill et al., 2010; Lee and Malkawi, 2014; Owens and Driffill, 2008). Some identified barriers 
and human factors related to building performance (Huebner et al., 2013). Others evaluated 
performance in regards to the occupants’ satisfaction (Abdul-Muhmin, 2007; Lee and Kim, 2008; 
Altomonte and Schiavon, 2013; Hua et al., 2014; Liang et al., 2014). 

Considering the potential of green building to educate occupants (Lynam, 2007), it is also critical to 
understand the influence of green buildings on persuading occupants to behave more pro-
environmentally; which would also address the first reason of studying behaviours in Gill et al. 2010 (i.e. 
the why question). A few studies have examined the influence of green buildings on occupants’ 
environmental beliefs, attitudes, and/or behaviours. Studies in Australia showed there are more positive 
pro-environmental attitudes among occupants in green than in conventional built environment (Deuble 
and de Dear, 2009; Deuble and de Dear, 2012; O'Callaghan et al., 2012; Daniel et al., 2014). Studies from 
the US showed there is generally no difference in pro-environmental attitudes among occupants in 
green/conventional built environment (Hostetler and Noiseux, 2010; McCunn and Gifford, 2012; Rashid 
et al., 2012)  

All the above studies shared commonalities while differing in aspects regarding to their study design. 
All studies collected cross-sectional data, longitudinal data were not collected to reflect the changing 
attitudes and behaviours in response to the exposure of green design. Both non-residential and 
residential types of buildings/communities were studied. All residential studies embraced a broader 
geographical scale, in terms of green communities or all homes within a city (Daniel et al., 2014), than 



135 

 

Green building design and visual persuasion on occupants’ pro-environmental behaviours 

studies on non-residential buildings, which scaled to individual buildings. The mean scores were 
compared on general environmental attitudes of occupants from green vs. conventional buildings. Most 
studies measured or compared the general environmental attitudes of occupants between green and 
conventional buildings, instead of attitudes toward a specific behaviour. 

2.2. Studies of visual persuasion and the meaning of architecture 

(Idler, 2014) stated that, “visual appeal can – more than anything – attract attention.” Selective 
attention enables us to gather relevant information and guides our behaviour (Carrasco, 2011). (Joffe, 
2008) highlighted the emotional power of visual forms and the “vividness effect” – where visual material 
appears to be especially memorable, making it particularly forceful. While numerous literatures studied 
such visual impacts of mediated visuals, fewer studied the unmediated lived-in visuals.  

Architecture, a form of lived-in visuals, are communicative and are viewed as a tool for visual 
persuasion (Ragsdale, 2011). The elements of architecture influence our attitudes and behaviour 
(Ragsdale, 2011). (Ragsdale, 2011) answered the question on “Why are some buildings more persuasive 
than others and how meaning is conveyed by architecture and how that in turn results in social 
influence”. In a green building context, one can ask whether and how the meaning conveyed by green 
design is persuasive and whether the occupants adopt pro-environmental behaviours as a result. 

 

 

Figure 1: Examples of visual and conceptual-only green design, three levels of meaning of building 
elements, and two examples of low vs. middle level meaning of the building elements (Note: the 

example of low level meaning is copied from (Hershberger, 1974)) 
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According to (Rapoport, 1990) and (Goodsel, 2000), there are three levels of mnemonic meaning 
from the built environment: low level, middle level, and high/cosmological level. The low level 
communicates basic everyday ideas. The middle level indicates a more subtle meaning embedded in the 
environment including social mores, expectations, power, status, and identity. The high level 
cosmologically evokes an emotional response to ideas of culture. Examples of the three level meanings 
include: doors of the building indicating where to enter; exterior architectural sculptures depicting 
mythological figures and interior paintings portraying heroes and legends; and capitols’ domes whose 
rising rounded point repeats an accenting expression of sacred importance (Goodsel, 2000). 
(Hershberger, 1974) identified two categories of meaning that can be derived from architectural 
structures – representational and responsive (Figure 1). Assuming that the concept of sustainability be a 
deliberately embedded meaning in the green building design, could it communicate such a middle level 
meaning to its occupants and trigger consequent behavioural responses (Figure 1)? 

The distinctive power of buildings as visual objects and use for visual persuasion has been discussed 
in some general architectural studies. However, to date, no single specific study on the visual persuasion 
of green building design in their occupants exist. The following preliminary survey was carried out to fill 
in this research gap. 

3. Preliminary results from Melbourne Council House 2 (CH2) 

To uncover the visual persuasion of buildings, it is necessary to separate the green design elements into: 
1) the visual green design element; and 2) the conceptual-only green design elements (Figure 1). Visual 
green design such as on site renewable energies, interior design elements like wall paintings, 
interpretive signage, green-roofs/spaces, calm water features, and vegetation (Joye, 2007) all vividly 
speak of a building’s green status. On the other hand, conceptual-only green design such as low VOC 
materials applied, and energy efficient appliances installed do not have the vividness effect. The 
occupants’ awareness on conceptual-only green design might be weaker compared to those eye 
catching visual elements. It is reasonable to assume that visual green design is equal to a layer of 
conceptual green design plus a layer of vividness effect. 

A simple two questions survey was distributed randomly to people who work in the CH2 during a 
week-day in April 2015. A total of 11 people answered the questionnaire. The first question asked was, 
“Do you feel that you are becoming more pro-environmental since you moved to this green building 
(pro-environmental behaviours such as minimize water/energy use when possible, recycle and 
categorize waste, use public transportation instead of car)?” Four answers can be chosen, namely “no 
changes”, “slight”, ”moderately”, and ”strongly more pro-environmental”. If the answer was other than 
“no changes”, then the second question being asked was, “Do you think the exposure to different types 
of green design (visual vs. conceptual) resulted in your different level of pro-environmental behaviour 
(visual exposure such as the building has solar panel, and other exterior/interior visual features (e.g., the 
wood shading in the west façade in CH2), conceptual exposure such as that you know the building uses 
recycled water, but they do not express themselves visually and vividly)?”. Four answers can be chosen, 
namely “no differences”, “conceptual exposure is slightly more persuasive”, “visual exposure is slightly 
more persuasive”, and “visual exposure is certainly more persuasive”. 

Out of the 11 people, three answered “no changes” on the first question, thus the second question 
was not applicable to them. Six answered “moderately more pro-environmental” (Table 1). This showed 
that majority of the occupants might be positively influenced by the CH2 and behave more like a green 
occupant, to some extent. Among the eight people who were becoming more pro-environmental since 
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moving into the CH2, four answered that visual green design is slightly more persuasive than conceptual 
green design in influencing their pro-environmental behaviours, two answered visual green design is 
certainly more persuasive. The overall trend matches with our hypothesis that visual persuasion is a 
more powerful tool in influencing occupants’ pro-environmental behaviour (Table 1).  

Table 1: The result of the preliminary survey from CH2. The contingent 2 by 2 table shows the answers 
on the first and second question. 
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No changes 3 0 0 0 3 
Slightly more 
pro-
environmental 

0 1 0 0 1 

Moderately 
more pro-
environmental 

0 1 4 1 6 

Strongly more 
pro-
environmental 

0 0 0 1 1 

 Sum  3 2 4 2 11 

4. Hypothetical data simulation 

The above preliminary results ensured the necessity of a follow-up full-study, though with a small 
sample from only one green building – CH2. The following specific research questions were detailed as 
an example for a future full-study: 1) Do the occupants from buildings with green design (either visual or 
conceptual, or both) have a higher mean score on pro-environmental behaviours than those from 
conventional buildings?; 2) Is the visual persuasion of green design more effective than conceptual-only 
green design in influencing the occupants’ pro-environmental behaviours?; 3) While controlling for 
personal background factors, what is the effects of: 3.1) the presentation of objective building 
characteristics (i.e. visual and conceptual green design); and 3.2) the subjective viewpoints of individual 
occupant (i.e. awareness and perception of visual and conceptual green design) in influencing the 
occupants’ pro-environmental behaviours. A hypothetical example and fake data simulation were used 
to demonstrate one possible analysis approach to answer the research questions. 

Ideally, longitudinal data should be collected among the same cohort of building occupants before 
and after moving into the green building. Though, in real cases, cross sectional data are more feasible, 
as performed by all the studies reviewed in section 2.1. Thus, an analysis method for a comparative 
study among different buildings was proposed in the following. 

Leaman and Bordass (1999) argued that buildings are complex systems made up of physical and 
human elements and their many associations, interactions, interfaces, and feedbacks and it is often 
fruitless to try and separate out different variables and treat them as `independent’ as many statistical 
methods require. Nevertheless, statistical analysis is a powerful tool in answering a wide range of 
research questions. In previous studies reviewed in section 2.1, some of them used two (or a multi-) 
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group comparison on environmental attitudes scores (Deuble and de Dear, 2009; Hostetler and Noiseux, 
2010; Deuble and de Dear, 2012; McCunn and Gifford, 2012; O'Callaghan et al., 2012; Rashid et al., 
2012; Daniel et al., 2014). Others used classic regression analysis (Deuble and de Dear, 2009; Hostetler 
and Noiseux, 2010; Deuble and de Dear, 2012; McCunn and Gifford, 2012; O'Callaghan et al., 2012; 
Rashid et al., 2012; Daniel et al., 2014). For answering the research question raised above, both a multi-
group comparison (for first research question) and a hierarchical regression (for research question 2 and 
3) could be applied. The fake data simulation is demonstrated for the hierarchical regression. 

The most distinctive feature of a hierarchical regression is that when the study sample are collected 
from different clusters/levels (e.g., buildings in our example), it is a method for compromising between: 
1) excluding a categorical predictor (e.g., building index) from a model (complete pooling); or 2) 
estimating separate models within each level of the categorical predictor (no pooling, e.g., a separate 
regression for each building) (Gelman and Hill, 2006). In the data simulation, we used a varying intercept 
hierarchical model in order to: 

 Extract the effectiveness of the buildings themselves by estimating the coefficients for the 
group-level predictors, i.e., the building-level characteristics (i.e. whether or not the building has 
the visual/conceptual green design, or both) (Figure 2). From the statistical perspective, group-
level predictors play a special role in hierarchical modeling by reducing the unexplained group-
level variation and thus reducing the group-level standard deviation (Gelman and Hill, 2006). 

 Extract the effects due to the awareness and different perception that individual occupant holds 
within the same building, while controlling for personal factors. These two individual predictors 
were selected due to the fact that, while occupants are exposed to the same green design in a 
building, their awareness of the green design and their perception of the green design are 
different, which may result in their different responses in behavioural changes (Figure 2). 

Specific questionnaires (e.g., on how to measure the pro-environmental behaviours) were not 
provided. For the simulation, it is assumed the scores on independent variables are either binary (for 
objective building characteristics, and occupants’ awareness on green design), or 7 point Likert scale 
(occupant’s subjective perception, e.g., from not persuasive at all to very persuasive). One personal 
background factor was assumed for demonstration purposes, i.e., the educational level. Fifteen 
buildings with different characteristics were simulated, some with visually green design only, some with 
conceptual green design only, and others with both (Figure 2). Different sample sizes were simulated for 
each building, ranging from 6 to 29, with a total of 273 samples. 

Hierarchical regression is in essence a Bayesian inference (in comparison to frequentist inference), 
the parameters estimation is non-point estimation by Markov Chain Monte Carlo (MCMC) simulation. 
The full simulation code can be obtained upon contacting the first author of this paper. Following steps 
were carried out for the simulation: 1) set-up fake dataset; 2) specify “true” parameters; 3) specify 
hierarchical model in Winbugs and call from R using R2winbugs package (Gelman et al., 2015) (Figure 
A.1). Two hierarchical model were simulated, the first one without including the group/building-level 
indicators and second one including those (Figure A.1). 
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Figure 2: The hierarchical regression model on occupants from buildings with different characteristics 

5. Discussion and conclusions 

To identify how a green building itself may encourage occupants’ pro-environmental behaviours, 
previous relevant studies were reviewed, all which came to different results and conclusions. Studies on 
visual persuasion and communication roles of buildings were also reviewed, as a potential powerful 
persuasive medium, the visual persuasion of green buildings has not yet been studied. 

A simple preliminary survey was carried out in the CH2 to find out the possible influence from the 
green design on influencing occupants’ pro-environmental behaviour, and in particular, the 
effectiveness of visual green design. The results showed it is likely that occupants could be influenced by 
the green design and behave accordingly, and the visual green design might have a higher persuasion 
power than conceptual-only green design. The preliminary survey with a small sample size restricted us 
in using a statistical analysis to come up with more scientific rigorous conclusions. Besides, the small 
sample size could not serve the representativeness of a larger population; the single study site also 
limited us from generalizing the findings to other locations.  

Bear in mind that with the limitations on the preliminary survey, its results nevertheless ensured a 
future full-study is necessary to detail the research questions in more depth. Unlike the analysis method 
applied by previous studies, we proposed the use of hierarchical regression to match the sampling 
procedure that occupants are clustered within each building. A fake data simulation with varying 
intercept model including objective building characteristics as group-level predictors and subjective 
viewpoint of occupants as individual-level predictors were demonstrated. The fake data simulation 
certainly does not hold any empirical values, and the validity of any study design and analysis could only 
be achieved through a real study in the future. The hypothetical example shown, however, is innovative 
in that it addressed the variation through spatial differentiations of occupants from different buildings. 
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There are several important factors that can be scrutinized by future studies. First is the level 
(intensity) of the green design exposed to the occupants. For example, green certified buildings have 
different certification levels. This can be solved by using a scale (e.g., 0 to 5) to represent the intensity 
instead of using binary variables to represent the existence of visual/conceptual green design, as did in 
the fake data simulation. Second is occupants’ satisfaction with the physical and non-physical 
environment. (Rashid et al., 2012) found that the occupants’ satisfaction with the workspace related 
features affects their environmental awareness. Leaman and Bordass (1999) found that some employers 
in a building always kept the light on just to “annoy the manager”. Third, only the potential of visual 
green design is explored, other sensorial cues (e.g., auditory information provided, feeling of different 
material texture, e.g., brick vs. steel) are not explored here and shall be part of future studies.  

This study looks at the effect of green building itself (i.e. the physical environment), instead of 
looking into the administrative and behavioural environment within the building, such as influence from 
the social norms. Future studies can incorporate different perspectives to find out the potential 
effectiveness of different means (physical vs. administrative and behavioural) of green built 
environment on influencing occupants’ behaviours. 
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