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Abstract  
To reduce energy consumption while meeting the indoor thermal comfort requirements of residential 
buildings, this survey study explores the visual-thermal cross-modal effect of public green space 
window view on residents’ indoor thermal perception, and how this effect regulates residents’ 
environment control behavior. Based on an online questionnaire, 424 valid data were collected from 
Shanghai residents during the lockdown period during which the window view is the only accessible 
connection to the outside. The result shows that public green space views, while not significantly 
changing the physical thermal sensation of residents, made a greater proportion of participants feel 
thermal neutral, and significantly improved the participants' environmental evaluation, thermal 
comfort, and thermal acceptance, resulting in a 7% decrease in using air conditioning and 7% increase 
in natural ventilation. Path analysis reveals that public green space window view can improve indoor 
thermal comfort by enhancing subjective environmental evaluation, and thus encourage passive 
environmental regulation behavior, reducing energy consumption. Complementing previous studies, 
this research provides direct evidence for the energy-saving potential of public green space in 
residential areas from a different angle. 
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1. Introduction 
 
 In China, urban residential buildings cost 40% of the energy consumed in the civil 
building industry, primarily for heating and cooling (Lee & Song 2022). The huge energy 
consumption of building operation makes it necessary to study how to reduce energy use 
while maintaining indoor thermal comfort. 
To reduce energy consumption while meeting the indoor thermal comfort requirements, 
a possible direction is affecting the thermal perception of participants (Kanaya et al. 2012). 
Research has shown that occupant behavior is an important factor influencing the energy 
performance of buildings (Nicol & Roaf, 2017). To achieve thermal comfort goals, 
occupants take proactive actions to improve the indoor environment (Luo et al., 2016; 
Barthelmes et al., 2016), and different behaviors can result in variations in energy 
consumption for the same building (Hong et al., 2016). Therefore, feasible strategies for 
energy-efficient design include influencing occupants' indoor environmental control 
behaviors while maintaining low energy consumption. Windowscapes, as important visual 
elements in residential indoor environments and integral components of residential design, 
are among the qualities that residents are most concerned about. They not only have 
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positive impacts on the physical and mental health of occupants (Huang et al., 2019), but 
also influence occupants' thermal comfort evaluation and their willingness to control the 
environment, thus reducing indoor climate regulation energy consumption (Jiang et al., 
2022). The presence of windows can make occupants feel more comfortable under the 
same physical environmental conditions, with lower blood oxygen saturation and lower 
stress levels (Ko et al., 2020), possibly because better environments lead to better moods 
and greater tolerance for deviations from the thermal comfort range (Mishra et al., 2016). 
Good window view design can also reduce additional energy consumption caused by 
uncomfortable outdoor environments (Singh et al., 2011). Research has shown that 
uncomfortable outdoor environments lead to increased demands and expectations for 
indoor comfort, leading to more active and intensive indoor climate regulation, thereby 
increasing building energy consumption (Li & Liu, 2020). Therefore, if indoor and outdoor 
thermal landscapes can be designed in synergy to reduce occupants' demand for indoor 
climate regulation, it can assist in achieving the goal of reducing overall energy 
consumption.  
Public green space, defined as “every parcel of land classified as a natural surface” (Barbosa 
et al. 2007), is a common window view of urban residential areas and has been confirmed 
effective in regulating the microclimate at different scales (Pastore et al. 2017; Yang et al. 
2022), even only visual exposure to it can also improve participants’ outdoor thermal 
comfort (Rosso et al. 2016; Lam et al. 2020; Zhang et al. 2022). However, existing studies 
on public green space are mainly based on outdoor environments and participants, the 
impact of outdoor public green space, as a view, on residents’ indoor thermal perception 
and environmental control behavior is still unknown. As an effective substitute for direct 
exposure to greenery (Soga et al. 2020), window views of the public green space may have 
a similar effect in improving indoor thermal comfort for residents as public green space 
can in outdoor environments.  
Therefore, to fill the gap in previous studies, a hypothesis was established in this research 
that the window view of public green space can influence residents' indoor thermal 
perception. It assumes that public green space views can improve residents' indoor thermal 
comfort, regulating environment control behaviors and, as a result, reducing building 
energy consumption. The result of it can be a complement to previous software 
simulations and empirical measurements, providing direct evidence of the effectiveness of 
public green spaces in energy saving, and also providing references and suggestions for the 
design of residential areas. 
 
2. Method 
 

 We conducted an online anonymous questionnaire survey on Shanghai residents 
from April 4 to 6, 2022. During the research time, the window views were designed to be 
the only connection to the outside world. The questionnaire was only available during the 
cloudy daytime when the temperature was at 17.5±0.5°C, the humidity was at 38±2% to 
ensure a uniform outdoor thermal and light environment. All participants voluntarily 
joined this research. The questionnaire design referred to relevant studies (Rosenbaum et 
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al. 2016; Arsenault et al. 2012; Chinazzo et al. 2021; Vittori et al. 2021), and consists of four 
parts (Figure 1): 

Figure 1: Questionnaire design 
 

(a) Basic information: This part collects the basic statistical information of 
participants, including age, gender, and address.  

(b) Public green space views evaluation: This part collects participants’ subjective 
and objective evaluations of public green space views. The objective evaluation measures 
the visual accessibility of public green spaces. The subjective evaluation collects the 
comprehensive window view evaluation of participants and consists of two subscales: 
descriptive evaluation and preference evaluation, the value is the sum of the two. The 
descriptive evaluation measures the physical characteristics. It was based on 1-5 five-item 
Likert scales with five attributes: Greenery, Scenery pleasantness, Air quality, Brightness, 
and Visual openness. The preference evaluation measures psychological characteristics. It 
was based on 1-7 seven-item Likert scales with five attributes of visual window view: 
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Environmental preference, Comfort, Pleasantness, Relaxation, and Staying willingness. 
Both subscales passed the reliability test with Cronbach α and KMO values both greater 
than 0.8, representing good reliability and validity, and the average score of attributes was 
used as the final score.  

(c) Environment control behavior: This part consists of 6 five-item subscales, 
measuring both the short and long-term behavior of residents in temperature-
conditioning, humidity-conditioning, and ventilation. A higher score on each subscale 
indicates a higher level of energy saving. The final score of this part is the average score of 
the six subscales. 

(4) Thermal perception: This part measures the comprehensive thermal perception 
of residents, consisting of 5 attributes: Thermal sensation, Comfort, Acceptance, 
Preference, and Wind perception. The ASHRAE 7-point scale measured thermal sensation 
and preference. Thermal comfort and wind strength are scored on a 7-point scale. Thermal 
acceptance is scored from 0 to 100. The thermal perception overall value was calculated 
from those 5 attributes in the following formula:  

Thermal perception (TP)  = 𝑇𝐶 − |𝑇𝑆 + 𝑇𝑃 + 𝑊𝑆| + 7 × (𝑇𝐴 ÷ 100) 
 
3. Result 
3.1 Descriptive analysis 

424 valid data were collected, 158 males and 266 females distributed in all districts 
of Shanghai participate in this research. 269 participants (63.44%) reported the presence 
of public green space in their view. Participants with a window view of public green space 
and those without were divided into two groups named the Green group (GG) and the 
control group (CG). Details of these groups were presented in parallel (Figure 2), with the  

Fig.2 Descriptive result 
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CG on the left and GG on the right. It can be seen that GG (1) has a significant 
improvement in subjective evaluation. (2) active air conditioning methods were replaced 
by natural ventilation in both the short and long term. (3) a greater proportion of 
participants in GG felt thermal neutral. Overall, participants in GG reported higher 
environmental evaluations, a better sustainability level, and higher thermal evaluations. To 
precisely quantify the differences between the two groups, ANOVA was conducted. 

 
3.2 Comparison analysis 
ANOVA results showed that all four parts of the results show significant differences 
(Table 1) between groups. The most significant difference was shown in the subjective 
evaluation part, where all the attributes significantly differed at the p<0.01 level and GG 
scored significantly higher than CG. Public green space views also improved thermal 
perception evaluation. The two groups did not show statistically significant differences in 
thermal sensation, thermal preference, and wind perception, but do reveal significant 
differences in thermal comfort and acceptance votes. Public green space views affect 
environment control behaviors, causing a 7% decrease in air conditioner use and a 7% 
increase in opening windows for ventilation in the GG group.  
 
Table 1. ANOVA of Public green space 

ANOVA of Public green space  

  Mean±SD 
F p 

CG(n=155) GG(n=269) 
Subjective evaluation 7.54±1.91 8.80±1.81 45.490 0.000** 
Descriptive evaluation 3.13±0.77 3.68±0.74 52.18 0.000** 
Greenery level 3.12±1.06 3.72±0.95 36.035 0.000** 
Scenery pleasantness level 2.77±0.99 3.50±0.88 60.694 0.000** 
Air quality level 3.44±0.88 3.82±0.86 18.862 0.000** 
Brightness level 3.54±1.08 3.80±1.04 6.303 0.012* 
Visual openness level 2.79±1.02 3.55±1.04 54.17 0.000** 
Preference evaluation 4.41±1.35 5.12±1.24 29.795 0.000** 
Environmental Preference 4.03±1.74 4.86±1.59 24.552 0.000** 
Environmental Comfort 4.46±1.45 5.18±1.28 28.098 0.000** 
Environmental Pleasantness 4.23±1.44 5.12±1.39 39.642 0.000** 
Environmental Relaxation 4.49±1.54 5.16±1.37 21.312 0.000** 
Staying Willingness 4.85±1.49 5.28±1.38 8.702 0.003** 
Environment control 

behavior 
3.47±0.78 3.66±0.73 5.988 0.015* 

Air-conditioning situation 0.80±0.40 0.87±0.33 4.125 0.043* 
Ventilation situation 0.69±0.46 0.76±0.43 2.609 0.107 
Long-term temperature-

conditioning  
2.28±0.59 2.27±0.62 0.01 0.922 

Long-term humidity-
conditioning 

3.68±1.12 3.62±1.07 0.328 0.567 

Long-term ventilation  3.94±1.00 4.20±0.95 7.218 0.008** 
Thermal perception 1.54±0.66 1.73±0.61 8.899 0.003** 
Thermal Sensation -0.43±1.36 -0.4±1.16 0.061 0.805 
Thermal Preference 0.68±0.85 0.68±0.83 0.001 0.973 
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Thermal Comfort 4.72±1.35 5.00±1.29 4.53 0.034* 
Wind Perception 1.26±0.47 1.28±0.48 0.088 0.767 
Thermal Acceptance 73.46±18.89 78.64±16.16 8.894 0.003** 

* p<0.05 ** p<0.01 

 
3.3 Path analysis 

 

 
Fig.3 Path model 

Based on the previous hypothesis and the results of the comparative analysis, the 
relationship model of public green space views and environmental control behavior was 
established (Figure 3). Path analysis was used to test the direct dependencies among 
variables and to verify the hypotheses (Klem 1995). The results (Table 2) showed that the 
normalized path coefficient value of all hypothesized influence paths is >0, and the paths 
all present a significance at the level of 0.01, indicating that all influence factors have a 
significant positive influence on the objects. All the model fit indices meet the test value 
requirements, reflecting that the fitting model is ideal. Therefore, the hypothesis that 
public green spaces can improve indoor thermal comfort by enhancing subjective 
environmental evaluation, and thus increase passive environmental regulation 
behavior, is valid. 

 
Table 2. Path analysis 

Model Fit Index and Test Values 

Fit Index χ2 df p χ2/df GFI RMSEA RMR CFI NFI NNFI 

Test 
Values 

- - >0.05 <3 >0.9 <0.10 <0.05 >0.9 >0.9 >0.9 

Values 
7.50
4 

3 0.06 2.501 0.989 0.06 0.046 0.961 0.939 0.923 

Default Model: χ2(6)=122.609, p=1.000 

Model Regression Coefficient  

Influence factors → Objects 

Non-
normaliz
ed path 
coefficie
nt 

SE 
CR 
Value 

p 

Normaliz
ed path 
coefficie
nt 

Public green 
space 

→ 
Subjective 
evaluation 

1.254 0.185 6.761 0 0.312 

Subjective 
evaluation 

→ Thermal perception 0.122 0.015 8.232 0 0.371 

Thermal 
perception 

→ 
Environment 
control behavior 

0.17 0.057 2.998 0.003 0.144 

 
4. Conclusion 
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To explore the influence of public green space window view on residents' indoor 

thermal perception and environment control behavior, an online survey study was done 
on Shanghai residents during the lockdown period in 2022. 424 valid data were collected, 
and 269 (63.44%) reported public green space view presence. Descriptive statistical 
analysis indicated that the public green space view made a greater proportion of 
participants feel thermal neutral. Combined with the ANOVA analysis, the study found 
that the presence of public green space views, while not significantly changing the physical 
thermal sensation of residents, significantly increased the participants' environmental 
evaluation, thermal comfort level, and thermal acceptance level, resulting in a 7% decrease 
in the proportion of air conditioning using and encourages natural ventilation. The path 
analysis also reveals that public green space window view can improve indoor thermal 
comfort by enhancing subjective environmental evaluation, and thus increase passive 
environmental regulation behavior.  
All above results show that even only the visual presence of public green space can still 
effectively influence residents' perception and reactions. Considering that thermal 
sensation votes did not differ significantly between groups, that is, window views did not 
lead to differences in physical thermal perception, this may be because pleasant window 
views provide residents with a higher degree of arousal. This hypothesis is supported by 
the results of several studies. For instance, the positive psychological impact of pleasant 
green window views has been documented (Gillis & Gatersleben, 2015; Soga et al., 2021), 
which are associated with higher arousal and pleasure levels and lower stress levels. 
Furthermore, exposure to the same indoor climate, but with the presence of outdoor 
natural landscapes visible through windows, has been found to enhance thermal comfort 
and increase the tolerance for a wider range of thermal deviations (Jiang et al., 2022). 
Additionally, the presence of 3D green plants in virtual environments has also been shown 
to influence participants' thermal comfort and visual pleasure (Sedghikhanshir et al., 2022). 
Complementing previous studies, this research provides direct evidence for the 
importance of public green space in residential areas from a different angle. By designing 
a pleasant outdoor landscape and improving residents' evaluation of window views, 
residents' thermal evaluation can be improved. This can also be used in the personalization 
of spaces. By accurately testing the environmental preferences of specific customers, the 
environmental evaluation and environmental emotion of the built environment can be 
controlled within the optimal range, thereby improving the thermal comfort of users and 
reducing the energy consumption required for air conditioning. 
 
References 
Arsenault H, Hébert M, Dubois MC. Effects of glazing color type on the perception of daylight quality, 

arousal, and switch-on patterns of electric light in office rooms. Building and environment. 2012 
Oct 1;56:223-31. 

Barbosa O, Tratalos JA, Armsworth PR, Davies RG, Fuller RA, Johnson P, Gaston KJ. Who benefits from 
access to green space? A case study from Sheffield, UK. Landscape and Urban planning. 2007 Nov 
19;83(2-3):187-95. 

Chinazzo G, Chamilothori K, Wienold J, Andersen M. Temperature–color interaction: subjective indoor 
environmental perception and physiological responses in virtual reality. Human Factors. 2021 
May;63(3):474-502. 



138                                                    European Journal of Sustainable Development (2023), 12, 3, 131-138 

Published  by  ECSDEV,  Via dei  Fiori,  34,  00172,  Rome,  Italy                                                     http://ecsdev.org 

Gillis, K., & Gatersleben, B. (2015). A review of psychological literature on the health and wellbeing benefits 
of biophilic design. Buildings, 5(3), 948-963. 

Huang, S., Xu, L., & Chen, Z. (2019). Healing landscapes in living rooms - Indoor and window view health 
benefits VR study. New Architecture, 2019(05), 23-27. 

Jiang Y, Li N, Yongga A, Yan W. Short-term effects of natural view and daylight from windows on thermal 
perception, health, and energy-saving potential. Building and Environment. 2022 Jan 15;208:108575. 

Kanaya S, Matsushima Y, Yokosawa K. Does seeing ice really feel cold? Visual-thermal interaction under an 
illusory body-ownership. PLoS One. 2012 Nov 7;7(11):e47293. 

Klem, L. (1995). Path analysis. 
Ko, W. H., Schiavon, S., Zhang, H., et al. (2020). The impact of a view from a window on thermal comfort, 

emotion, and cognitive performance. Building and Environment, 175, 106779. 
Lam CK, Yang H, Yang X, Liu J, Ou C, Cui S, Kong X, Hang J. Cross-modal effects of thermal and visual 

conditions on outdoor thermal and visual comfort perception. Building and Environment. 2020 Dec 
1;186:107297. 

Li, J., & Liu, N. (2020). The perception, optimization strategies and prospects of outdoor thermal comfort in 
China: A review. Building and Environment, 170, 106614. 

Luo, M., Cao, B., Ji, W., et al. (2016). The underlying linkage between personal control and thermal comfort: 
psychological or physical effects? Energy and Buildings, 111, 56-63. 

Nicol, J. F., & Roaf, S. (2017). Rethinking thermal comfort. Building Research & Information, 45(7), 711-716. 
Pastore L, Corrao R, Heiselberg PK. The effects of vegetation on indoor thermal comfort: The application of 

a multi-scale simulation methodology on a residential neighborhood renovation case study. Energy 
and Buildings. 2017 Jul 1;146:1-1. 

Potchter O, Cohen P, Lin TP, Matzarakis A. Outdoor human thermal perception in various climates: A 
comprehensive review of approaches, methods and quantification. Science of the Total 
Environment. 2018 Aug 1;631:390-406. 

Rosenbaum MS, Otalora ML, Ramírez GC. The restorative potential of shopping malls. Journal of Retailing 
and Consumer Services. 2016 Jul 1;31:157-65. 

Rosso F, Pisello AL, Cotana F, Ferrero M. On the thermal and visual pedestrians' perception about cool natural 
stones for urban paving: A field survey in summer conditions. Building and Environment. 2016 Oct 
1;107:198-214. 

Schweiker, M., Huebner, G. M., Kingma, B. R. M., et al. (2018). Drivers of diversity in human thermal 
perception–A review for holistic comfort models. Temperature, 5(4), 308-342. 

Sedghikhanshir, A., Zhu, Y., Chen, Y., et al. (2022). Exploring the Impact of Green Walls on Occupant 
Thermal State in Immersive Virtual Environment. Sustainability, 14(3), 1840. 

Singh, A., Syal, M., Korkmaz, S., et al. (2011). Costs and benefits of IEQ improvements in LEED office 
buildings. Journal of Infrastructure Systems, 17(2), 86-94. 

Soga M, Evans MJ, Tsuchiya K, Fukano Y. A room with a green view: the importance of nearby nature for 

mental health during the COVID‐19 pandemic. Ecological Applications. 2021 Mar;31(2):e2248. 

Takakura JY, Nishimura T, Watanuki S. Visual information without thermal energy may induce 
thermoregulatory-like cardiovascular responses. Journal of physiological anthropology. 2013 
Dec;32(1):1-0. 

Vittori F, Pigliautile I, Pisello AL. Subjective thermal response driving indoor comfort perception: A novel 
experimental analysis coupling building information modelling and virtual reality. Journal of Building 
Engineering. 2021 Sep 1;41:102368. 

Weir P, Sandor C, Swoboda M, Nguyen T, Eck U, Reitmayr G, Day A. Burnar: Involuntary heat sensations in 
augmented reality. IEEE; 2013 Mar 18. 

Yang Y, Zhou D, Wang Y, Meng X, Gu Z, Xu D, Han X. Planning method of centralized greening in high-
rise residential blocks based on improvement of thermal comfort in summer. Sustainable Cities and 
Society. 2022 May 1;80:103802. 

Zhang T, Hong B, Su X, Li Y, Song L. Effects of tree seasonal characteristics on thermal-visual perception 
and thermal comfort. Building and Environment. 2022 Mar 15;212:108793. 

 


