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Biophilia and Visual Preference for Chinese Vernacular Windows: An 

Investigation into Shape  

 

Abstract: 

This study conducted a psychological experiment to test if there are differences of visual 

preference between 18 Chinese vernacular windows, and which biophilic factors can 

substantially affect the preference. The experiment recruited 95 Chinese adults to rate 

images of these windows on three biophilic qualities (perceived shape complexity, 

biomorphic form, fascination) and the visual preference. To summarize, the achieved 

results exposed some interesting findings. 1) Effects of window shapes on visual 

preference were significant, whereas geometric properties of these windows, such as the 

ratio of height-to-width and compactness, cannot deliver significant impact on the 

preference. 2) The visual preference for these windows with both urban and nature views 

was positively correlated with the three biophilic factors. 3) There was no association 

between perceived shape complexity and visual preference of windows without any views. 

4) Apart from the rectangular window, the visual preference for these windows received 

no significant effects from the view.  
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1. INTRODUCTION 

1.1 Window, Environmental Design, and Human Performance 

Building windows can affect occupants’ satisfaction and performance through several 

environmental factors, including thermal comfort and ventilation, noise, lighting, and 

view (Lin et al., 2022; Kaasalainen et al., 2020; Chen et al., 2019a;). Field studies showed 

that personal control of operable windows has been proved as an efficient way to adjust 

local thermal conditions and occupant comfort, and to achieve good indoor air quality 

through natural ventilation in various spaces (Meir et al., 2019; Simson et al., 2017; Adaji 

et al., 2019). Furthermore, the application of openable windows for natural ventilation 

has exposed the importance of proper settings to balance noise exposure and ventilation 

performance in urban buildings (Kim et al., 2017). With a main function of delivering 

daylight and view, windows can significantly take effect on occupants’ health and well-

being in buildings such as offices, schools, hospitals, and retail stores (Gerhardsson & 

Laike, 2021; Chen et al., 2019b; Woo et al., 2021). Since 1980s, the impact of window 

application on occupants’ mood, satisfactions and performances has been widely studied 

by environmental designers and psychologist (Boubekri et al., 1991; Leather et al., 1998; 

Stone, 1998; Yildirim et al., 2007; Chen et al., 2019b; Shishegar et al., 2021; 

Gerhardsson & Laike, 2021). As a result, a number of design strategies and codes have 

been established in various buildings with an aim to improve human health and wellbeing 

through the application of windows (SLL, 2014; MHCLG, 2021).  

1.2 Biophilia and Biophilic Design 

The biophilia hypothesis was proposed by Erich Fromm (1973) and Edward O. Wilson 

(1984) as “humans possess an innate tendency to seek connections with nature and other 
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forms of life”. Wilson (1984) investigated how this tendency might be a biologically 

based need, integral to our development as individuals and as a species. In a book, Kellert 

and Wilson (1993) brought together more scientific evidence to point out common human 

responses to perceptions of plants and animals and explained these responses using 

theories of human evolution. Two distinct sources which can deliver biophilia’s positive 

effects were identified as “Close proximity and visual contact with plants, animals, and 

other people” and “Positive response to artificial creations that follow geometrical rules 

for the structure of organisms” (Salingaros, 2019; Kellert & Wilson, 1993). 

Biophilic design was described as “the deliberate attempt to translate an understanding of 

the inherent human affinity to affiliate with natural systems and processes—known as 

biophilia into the design of the built environment” (Kellert et al., 2008). For the practice 

of biophilic design, there are three metric systems available in the built environment, 

such as Kellert model (Kellert and Calabrese, 2015; Kellert, 2018) in Table 1, Terrapin 

model (Browning et al., 2014) in Table 2, and Salingaros model (Salingaros, 2015 & 

2019) in Table 3. For Table 1, three types of attributes relating to the application of 

biophilic design were categorized in Kellert model: direct experience of nature (eight 

items, e.g., light, air and water), indirect experience of nature (ten items, e.g., images of 

nature, natural materials), experience of space and place (six items, e.g., prospect and 

refuge). Based on previous theoretical works (Wilson, 1984; Kellert et al., 2008), 

Terrapin model (Table 2) introduced 14 typical biophilic design patterns to support 

architectural design and relevant applications in the built environment, which were 

categorized into three groups including nature in the space (seven patterns), natural 

analogues (three patterns), and nature of the space (four patterns). In Table 3, Salingaros 
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model comprised ten items (eight low-level visual features and two higher-level visual 

features), which have been applied as components of a new algorithm “Biophilic Healing 

Index” to quantify the biophilic effect in a built environment (Salingaros, 2019). There 

was an advantage in Salingaros model that sums up ten biophilic qualities to obtain a 

single number for the biophilic index. As there was no uniform consensus when applying 

these models (Salingaros, 2019), it is still necessary to carry on working towards a valid 

design metric of environmental biophilic qualities.   

1.3 Building Window and Its Biophilic Effect 

The biophilic effects of window have been reflected in its design and application in 

buildings, especially when the goal of a biophilic space would be achieved. Based on the 

three models (Table 1, 2, 3) (Kellert and Calabrese, 2015; Kellert, 2018; Browning et al., 

2014; Salingaros, 2015 & 2019), key biophilic qualities delivered by window systems are: 

(1) visual connection with nature (life), (2) thermal & airflow variability (air), (3) 

dynamic & diffuse light (sunlight), (4) biomorphic forms & patterns (fractals + curves + 

detail), and (5) organized-complexity. The rationale for each biophilic quality of 

windows is discussed as follows. 

For the quality (1): ‘visual connection with nature (life)’, a window is expected to be 

applied to get a view to elements of nature, living systems and natural processes (Kellert, 

2018; Browning et al., 2014), and therefore to improve occupants’ health and wellbeing 

(Kaplan, 1993; Van Escha et al., 2019). In Alexander’s “A pattern language” (Alexander 

et al., 1978), a very low windowsill (pattern 222) was recommended to improve view for 

an indoor space. Ulrich’s pioneering work on healthcare facilities (1984) showed that 
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viewing nature through window might influence surgery recovery rate. Two studies 

explicitly explained effects of window view features on the comfort and wellbeing among 

office workers (Aries et al., 2010; Van Escha et al., 2019). As proved in several 

experiments and surveys (Kaplan, 2001; Masoudinejad and Hartig, 2018), the window 

view including the sky and other features of the natural world can support psychological 

restoration (e.g. being away, fascination, restoration likelihood (Hartig et al., 1997)). The 

experiment exposed that the amount of sky and other environmental features can affect 

the restorative quality of window views and having more sky in window view lifted 

expectations of attention restoration in a dense urban area (Masoudinejad and Hartig, 

2018).  

For the quality (2): ‘thermal & airflow variability (air)’ and (3): ‘dynamic & diffuse light 

(sunlight)’, studies on window functions to deliver the natural light and ventilation 

(airflow) can be broadly found in literatures (CIBSE, 2015; SLL, 2014). Using openable 

windows combined with natural ventilation can help achieve an indoor environment that 

mimic natural environments, including subtle changes in air and surface temperatures, 

humidity, and airflow across the skin (Brager et al., 2004; CIBSE, 2005). Alexander’s 

pattern 223 (deep reveals) enhanced the importance to set the window deep into the wall 

to soften light around the edge (Alexander et al., 1978). Daylighting or sunlight through 

the window will give rise to varying intensities of light and shadow that change over time 

(Abboushi et al., 2019; Salingaros, 2015).  

For the quality (4): ‘biomorphic forms & patterns (fractals + curves + detail)’, the 

reflection of biomorphic forms & patterns can be found in the design of window 
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components, including structures (mullion & transom, frame, light shelf), glass panes, 

sills, and reveals (Alexander et al., 1978; Browning et al., 2014). As discussed in studies 

(Salingaros, 2019; Salingaros, 2015), fractals, curves and details found in vernacular 

architectures (including their windows) may take significant effect on human emotional 

comfort. An experiment showed that naturalistic visual patterns would play an important 

role in aesthetic evaluations in architectural scenes (Coburn et al., 2019). The 

architectural scenes used in this study have included many façade / window systems. This 

finding (Coburn et al., 2019) could indirectly support the comment that humans have a 

visual preference for organic and biomorphic forms (Joyce, 2007; Browning et al., 2014).  

For the quality (5): ‘organized-complexity’, the subdivision of glass pane window, which 

is determined by the layout of mullions (vertical bars) and transoms (horizontal bars), can 

directly influence the organized complexity of a view. As discussed in Alexander’s 

pattern 239: small panes (Alexander et al., 1978), effects of the subdivision on a view 

were described as: (1) The way the window frames a view affects our contact with the 

view. (2)  The extent to which the window frames the view increases the view, its 

intensity, its variety, and the number of views we seem to see. For the biophilic design, 

the organized complexity reflected by symmetries and fractal geometries in architectures 

(like the window subdivision) can create a visually nourishing environment that 

engenders a positive psychological or cognitive response (Salingaros, 2012). Abboushi et 

al. (2019) presented an interesting experiment focusing on the factual patterns composed 

of light and shadow produced by side windows. It has found that the window and shading 

device may enhance occupants’ visual interest and mood through the generation of 
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medium to medium-high complexity fractal light patterns in interior spaces (Abboushi et 

al., 2019).  

These discussions above indicated that a deliberately designed window system in 

buildings can make substantial contributions to a biophilic indoor space.     

1.4 Psychological Preference for Building Windows 

In terms of architectural features, the psychological preference for windows has been 

studied in the built environment over 30 years (Masoudinejad & Hartig, 2018; Yeom et 

al., 2020). Several studies across difference periods found that windows were generally 

preferred (Butler and Biner, 1989; Stone and Irvine, 1994; Wang & Boubekri, 2010; Ko 

et al., 2020), whilst larger windows were preferred over smaller ones (Butler and Biner, 

1989; SLL, 2014; Yeom et al., 2020). Butler and Biner (1989) also concluded that the 

amount of windows desired in a space could be reliably predicted based on occupants’ 

requirements, e.g. having a view or good ventilation. One experiment using scale models 

showed that the room size and the type of the room affect window preferences (Butler 

and Steuerwald, 1991). In offices, window preferences can be significantly linked with its 

shape, gender of occupants, quality of office job and quality of view (Dogrusoy and 

Tureyen, 2007). This study (Dogrusoy and Tureyen, 2007) also concluded an interesting 

finding that horizontally continuous windows can receive higher preference levels than 

vertically distributed windows in urban buildings. On the other hand, it seems that 

window preferences have links with the preference for façade configurations. Stamps 

(1999) pointed out that the most important factor for visual preference for building facade 

turned out to be the surface complexity, which we believe received significant impacts of 
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window configurations. This finding has been enhanced in another experiment focusing 

on the façade configuration preference in terms of window-to-solid wall ratios 

(Alkhresheh, 2012). It has been found that the most preferred façade configurations have 

the ratio range of 0.4~0.5 (Alkhresheh, 2012). These studies above might help produce 

useful and practical design implications for building façade systems based on human 

psychological performance.  

1.5 Chinese Vernacular Window  

Chinese vernacular windows can be broadly found in various ancient and old buildings, 

including houses, temples and garden buildings in China. They have been generally 

considered as one typical feature of Chinese traditional architecture (Hou, 2004; Li and 

Liang, 1983; Ji and Chen, 1988). Configurations and construction technologies of 

Chinese vernacular windows have been systematically developed over 2000 years (Li & 

Liang, 1983; Yao et al., 1986; Ji & Chen, 1988). Feng Shui (风水) was recognized as the 

basic environmental principle to guide their design in various spaces (Ji & Chen, 1988). 

However, Chinese vernacular windows were mainly studied in the field of humanity and 

arts design, with a focus on their aesthetic and cultural values (Pan, 2004; Dye, 1974). 

Since 1978, typical forms and styles of Chinese vernacular window have been 

increasingly transformed and thus applied in contemporary buildings and relevant design 

works in China (Chin, 1988). Two important cases were ‘Fragrant Hill Hotel’ (Owen, 

1983) and ‘Suzhou Museum’ (Lin, 2017), which were both designed by I. M. Pei. The 

trend of ‘reviving traditional Chinese architectural language (Chin, 1988)’ may need 

more supports from the view of point of heritage policies (Blumenfield and Silverman, 

2013). It is necessary to carry out more research activities on typical vernacular 
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architectural elements, with an aim to produce effective guidelines and strategies for the 

conservation of Chinese architectural heritage. Given this situation in China (Blumenfield 

and Silverman, 2013), a new Chinese study has tried to test the environmental 

performance of vernacular windows (Liu et al., 2017). In general, few studies were 

implemented in terms of the impact of such vernacular architectural elements (e.g., 

window) on human psychological performance in both ancient and contemporary 

buildings. 

1.6 The Present Study 

Form the discussions above, we can find modern window systems have been widely 

studied based on environmental and human performances in buildings. From the 

perspective of biophilia, window has been proved as an effective environmental setting to 

improve occupants’ satisfaction, health and wellbeing. We believe that Chinese 

vernacular window has been developed based on Feng Shui theory (Ji & Chen, 1988; 

Mak and Ng, 2005), which is regarded as one type of environmental planning strategy for 

selecting building sites and planning interior layouts. In addition, it seems that Feng Shui 

and biophilic design have some similar concepts and patterns according to architectural 

environmental design (Hudson, 2013). It would be interesting to investigate the impact of 

Chinese vernacular window on psychological human responses, and thus produce design 

implications for heritage conservations.   

A research project was initiated in early 2019 to examine the relationship between 

biophilia, Chinese vernacular built environment and human performance in the context of 

rapid urbanization in China. This article reported results at the first stage of this project, 
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focusing on visual preference for Chinese vernacular window shapes. The psychological 

experiment included 95 participants (Chinese adults), 18 typical Chinese vernacular 

window types and three different window views. The main hypotheses are presented as 

follows: 

H1. There are significant differences of visual preference between these window shapes. 

H2. Physical attributes (the ratio of height-to-width and compactness) of these windows 

significantly affect the preference.  

H3. The preference for these windows is positively correlated with psychological 

variables (perceived shape complexity, biomorphic form, fascination) defined by the 

biophilic design principle.  

H4. The preference for these windows receives significant effects from the views.  

2. METHODS AND MATERIALS 

2.1 Visual Stimuli  

This experiment has investigated 18 typical Chinese vernacular windows in terms of 

shapes and configurations, which were defined through several references focusing on 

vernacular Chinese architecture (Li & Liang, 1983; Yao et al., 1986; Ji & Chen, 1988; 

Pan, 2004; Hou, 2004). As shown in Figure 1, these windows have been produced into 18 

slides in Microsoft PowerPoint 2016 (names: W1-18) for the experiment, each of which 

has the black background, the window void part in light grey, and the window edge part 

in dark grey. With the same area of void part (light grey), each window image was used 

to simulate a window view observed from an indoor space during the experiment. The 

round (W7), rectangular (W8) and square (W12) shapes can be commonly found in many 

contemporary buildings, while other window shapes were just applied in Chinese 
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vernacular architecture including temple, house, garden facility, etc (Li & Liang, 1983; 

Yao et al., 1986; Ji & Chen, 1988). For these windows, different views were applied in 

three studies: Study1 - blank view (no content, the void part in light grey), Study2 - urban 

view (the void part was replaced by the urban image in Figure 1), Study3 - nature view 

(the void part was replaced by the nature image in Figure 1). The blank view was applied 

to simulate the traditional window ‘glazing’ (a special white paper to cover window) used 

in Chinese vernacular buildings (Li & Liang, 1983). Urban and nature images were used 

as representatives of views found in urban areas, respectively.  

2.2 Window Physical Attributes  

Two typical geometric characteristics were introduced to express physical attributes of 

the 18 window shapes (Figure 1) in this study, such as ‘A-ratio’ and ‘Compactness’.  

In geometry and digital image, the aspect ratio of a geometric shape is the ratio of its 

sizes in different dimensions (Smith and Wormald, 1998). Based on the concept of aspect 

ratio used in the area of digital image, the ‘A-ratio’ (RA) of window shape was defined as: 

                                                  𝑅𝐴 =
𝑉𝑑

𝐻𝑑
                     (1),                                 

where, as displayed in Figure 1, Vd is the distance along the vertical axis of each window 

void; Hd is the distance along the horizontal axis of each window void. This value can 

indicate how the window shapes horizontally and vertically.  

As introduced by Osserman (1978), the compactness was originally defined to measure 

the degree to which a geometric shape is compact. Compactness has been introduced in 

psychological studies to quantify perceptual stability and to understand the causes of 
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perceived shape aesthetics (Friedenberg, 2012). The range of shape Compactness is from 

0 to 1. This value can be calculated using the following equation (Osserman, 1978): 

                                             𝐶𝑊 =
4𝜋×𝐴𝑤

(𝑃𝑤)
2

                       (2),                

where, Cw is the compactness; Aw and Pw are area and perimeter of the shape, 

respectively. In this study, the compactness of each window shape was calculated based 

on the area (Aw) and the perimeter (Pw) of its void part (the centre light grey part, see 

Figure 1). The 18 window shapes were produced with the same void area of 2.238 m2. 

Table 4 gives three physical attributes of the 18 window shapes, including A-ratio, 

Compactness, and their perimeters. The largest Compactness value of 1.0 is found for W6 

and W7, whilst W15 has the lowest Compactness (0.53). In addition, for A-ratio, W15 

and W18 see the largest and lowest values of A-ratio, respectively. Three umbers (I—III) 

are applied to indicate different levels of A-ratio and Compactness.  

2.3 Psychological Variables  

Four psychological variables were rated in terms of 18 window shapes combined with 

three views by independent groups. All variables were measured using a single item. 

These variables are ‘Perceived Shape Complexity’ (Stamp, 1999; Lindal & Hartig, 2013), 

‘Biomorphic Form’ (Feuerstein, 2002; Kellert et al., 2008), ‘Fascination (interesting 

view)’ (Kaplan & Kaplan, 1989; Kaplan, 1995), and ‘Preference’ (Stamp, 1999; Herzog 

et al., 2011; Lindal & Hartig, 2013; Masoudinejad and Hartig, 2018). An 11-point 

continuous scale (0-10) was used for these ratings (Masoudinejad & Hartig, 2018; Lindal 

& Hartig, 2013; Monk, 1989). The definitions of rating variables can be found in the 
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Table 5. Except for ‘Preference’, other three variables can be used to assess the biophilic 

effect of these windows.  

2.4 Participants 

Participants were recruited from an institute engaging in building design & construction 

in Beijing, which the first author has a link with. Through the Human Resource staffs, the 

recruitment invitation was sent out to over 300 employees. As a result, 95 Chinese adults 

working in this institute agreed to attend the experiment including three studies (see 

section 2.1). All participations were voluntary and there were no specific requirements 

for their backgrounds (e.g. engineer, architect, etc.). According to two psychological 

experiments using window views (Yeom et al., 2020; Boubekri et al., 1991), the sample 

size (> 30) for participants in each study can be acceptable. Thus, 95 participants can 

deliver a proper sample distribution for all studies of the experiment.  

The participants’ distribution of three studies was planned as follows: Study1 --- 31 

subjects, age: 28.94 (±3.92), male (20) and female (11); Study2 --- 32 subjects, age: 

28.75 (±3.93), male (25) and female (7); Study3 --- 32 subjects, age: 30.06 (±2.80), male 

(24) and female (8); Total – 95 subjects, age: 29.25 (±3.59). Participants were randomly 

selected for each experiment.  

2.5 Procedure 

All experiments were conducted in a small and quite conference room. The window 

images were displayed on a screen using a projector. During each experiment, only 

maximum two participants and the experimenters were allowed to stay in this room. A 

total of 48 sessions were thus completed according to three studies: blank, urban and 
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nature views. Each session proceeded as follows. After explaining the task and obtaining 

informed consent (through a signed form), participants rated 22 window images using 

four rating variables (Table 5). The first two slides were used as samples to help 

participants get used to the task and the rating scale. The last two slides were just used to 

avoid any end-of-set effects that might have influenced the ratings (mentioned by Herzog 

et al., 2011). Thus, only the ratings of the middle 18 images were used for the analysis. 

The time for viewing and rating each slide was maximum 20 seconds in all sessions.   

3. RESULTS 

Statistical analysis in this study was conducted using IBM SPSS (v25) (www.ibm.com). 

Appendix A (1-4) shows descriptive statistics of mean, standard deviation (SD), standard 

error (SE) of the ratings for four psychological variables respectively, in terms of window 

shapes (18 types) and window views (three types).  

3.1 Content analysis: correlations among physical and psychological variables 

Table 6 presents correlation analysis among two physical variables and four 

psychological variables with three views. First, there is a strong correlation between two 

physical variables of windows, i.e. A-ratio and compactness. Second, some correlations 

can be found between physical variables and psychological variables. Shape complexity 

was negatively correlated with A-ratio for each view. For biomorphic form, the blank 

view can deliver a substantial positive correlation with compactness according to the 18 

window shapes. However, with the exception of the blank view, strong correlations were 

achieved between fascination and A-ratio for other views. It can be found that the 

preference was not correlated with physical variables with any view. Third, there are 
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positive bivariate correlations among shape complexity, biomorphic form, and 

fascination with any view. Preference was highly correlated with other psychological 

variables under most conditions. The exception (no correlation) occurred between 

preference and shape complexity and with the blank view.   

3.2 Effects of window shape and view on psychological variables 

For each window view, one-way ANOVA was conducted to analyse the impact of 

window shape on ratings for psychological variables (Table 7). With urban view or 

nature view, significant main effects of window shape can be found on ratings for all 

psychological variables, p < 0.05. However, with blank view, the ratings for fascination 

were not significantly linked with the window shape, F(17, 504) = 0.869, p = 0.612, ηp
2 = 

0.027.  

Post hoc tests (Tukey’s honestly significant difference, α=.05) revealed some significant 

differences of mean ratings for preference (Table 8). W7 (round) with blank view has 

achieved higher ratings than those of W3 and W6. Urban view can bring in more 

differences between window shapes. W13 received higher ratings than five window 

shapes including W1, W3, W6, W8 (rectangular), and 12 (square), whilst W5 had higher 

ratings than W3. The differences between W13 and W1 or W3 were substantially big. For 

nature view, ratings of normal shapes including W7 (round), W8 (rectangular), and W12 

(square) were higher than those of W1, W3 and W6. In addition, ratings of W1 were 

lower than those of W4, W5 and W13.  

Given each window shape, one-way ANOVA was used to explore how the window view 

affects ratings of psychological variables. It can be found there was no significant effect 
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of view on ratings for biomorphic form for all window shapes (p > 0.05). Only significant 

results were reported in the Table 9 in terms of window shape and three other items. 

Shape complexity and fascination can see the significant effects with six and four 

window types respectively. With ratings for preference, Post hoc tests (Tukey Tukey’s 

honestly significant difference, α=.05) showed there was a clear difference found in W8 

(rectangular), MD (Blank - Urban) = 1.377, p = 0.049, 95% CI [0.003 2.750]. Clearly, 

ratings for preference among most window types received no effects from the view.  

4. DISCUSSIONS  

Given the results achieved above, some discussions are presented below to address the 

four hypotheses mentioned in section 1.6. 

Hypothesis 1: The results revealed that window shapes studied here could affect the 

judgement regarding visual preference, which is in line with this hypothesis. As the 

preference for these windows was highly correlated with their biophilic qualities 

(complexity, biomorphic form, interesting view), it was not difficult to find the variations 

of acceptance among the 95 participants.  

Hypothesis 2: The results did not support this hypothesis in that there were no 

relationships found between two physical attributes (A-ratio & compactness) and the 

preference. The variations of the ratio of height-to-width (i.e., A-ratio) did not 

substantially influence the preference for these window shapes. This might be caused by 

one fact that the window shapes selected were horizontally symmetrical. According to 

definitions and values of physical attributes (equation 1 & 2, Table 4), it seems that 

changing the geometric properties of windows would not substantially change view 
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features and their amounts, especially with a fixed void area in our study. Thus, small 

variations in views may not lead to significantly different preferences.     

Hypothesis 3: The results showed that the preference for window shape had a positive 

correlation with judgements regarding two biophilic qualities: biomorphic form and 

fascination. As discussed in section 1.2 & 1.3, the biophilia principle can support that 

human are aesthetically attracted to natural contents and biomorphic forms and patterns. 

It was not surprising that window shapes with more biomorphic elements received more 

preference in our study (e.g. W13 vs W8). In addition, our study found that the 

judgement regarding biomorphic form was positively correlated with compactness when 

using the blank view (Table 6). This exposed that a higher level of biophilic form can 

reflect a higher compactness, which would be considered as more perceptually stable. As 

discussed in relevant studies, the greater architectural variation of building facades 

evoked higher levels of judgement regarding fascination, which in turn positively 

affected restoration likelihood and preference judgments. Thus, the variation of window 

shape combined with views in our study can drive different levels of the judgement 

regarding fascination and thus lead to different levels of preference. Interestingly, except 

for the blank view, strong negative correlations were achieved between fascination and 

A-ratio with urban and nature views. This finding might be transformed to support that 

the level of fascination for a thin and tall shape was lower than that of a wide and short 

shape. This can be explained by a biophilic criterion “gravity” (see Table 3). Given the 

fact that the blank view did not deliver significant impact of shape on the judgement 

regarding fascination (Table 7), this biophilic quality might receive more influence from 

view contents and features.  
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As another biophilic quality, perceived shape complexity positively correlated with the 

preference for urban and nature views, but not the blank view. This finding can give a 

partial support for Hypothesis 3. It has been pointed out that the perceived surface 

complexity of façade could be positively related to preference (Lindal & Hartig, 2013). In 

our study, the window image overlapped by urban/nature view can be considered as a 

façade surface with distinct architectural diversity (see Figure 1). However, blank 

windows were only judged according to the silhouette complexity. As effect of silhouette 

complexity is less clear than surface complexity for the judgement of visual preference, it 

was not supervising that there was no significant relationship found between window 

shape and preference with the blank view here.   

Hypothesis 4: As regards the effect of view, it can be found that only one common type 

(W8: rectangular) had significant preference differences between blank view and urban 

view. The view did not take substantial effect on the preference between other 17 

window shapes. Then, this hypothesis cannot receive strong support from the achieved 

results. As the rectangular window can be commonly found in urban buildings, it might 

be normal to see that an urban view through this window received lower preference level 

than the blank view. In addition, a meta-analysis (Stamp, 2004) concluded that studies of 

the preference for natural and /or urban environments in a large scope have not yet 

produce replicated results. The acceptance of window view may still need more 

investigations, especially for the participants living in cities.  
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5. CONCLUSIONS  

This study has conducted a psychological experiment to test if there are differences of 

visual preference between 18 Chinese vernacular windows, and which biophilic factors 

can substantially affect the preference. The experiment recruited 95 Chinese adults to rate 

images of these windows on three biophilic qualities (perceived shape complexity, 

biomorphic form, fascination) and the visual preference.  

5.1 Findings 

In sum, the achieved results from the experiment exposed some interesting findings as 

follows. 

(1) Effects of the Chinese vernacular window shapes on participants’ visual preference 

were significant, whereas the geometric properties of these windows, such as the ratio of 

height-to-width and compactness, would not deliver significant impact on the preference. 

(2) With both urban and nature views, the biophilic qualities of the Chinese vernacular 

windows, including perceived shape complexity, biomorphic form, and fascination 

(interesting view), have proved to be positively correlate with participants’ visual 

preference.  

(3) For the Chinese vernacular windows without any views, there was no association 

between perceived shape complexity and participants’ visual preference.  

(4) Apart from the rectangular window, participants’ visual preference for the Chinese 

vernacular windows received no significant effects from the view outside of the windows 

(nature or urban).  

5.2 Limitations and Future Work 
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There were some limitations found in this study. First, no specific spaces were applied 

with these windows in the experiment. Second, the application of simple physical 

attributes of windows might not be able to fully reflect their real configurations. Third, 

with a narrow range of physical properties, the 18 typical window types might bring in 

inconsistence when testing their impacts on psychological responses. Forth, no structure 

and pane details of window (e.g., frame, subdivision, mullion), which may take 

significant effects on human emotional comfort, were included in the window 

configurations. Last, the specific views applied in this experiment might give rise to some 

biased psychological judgements of participants.  

Thus, some future work can be drawn from the discussions above. 1) A simulated 3D 

environment with these vernacular windows (VR or AR, full-scale room) would be a 

more effective way for such studies. 2) More window configurations and components 

would be investigated, including mullion & transom, frame, light shelf, glass panes, sills, 

and reveals. 3) A variety of views (built & nature environments) would be tested in terms 

of the biophilic qualities delivered by the space with various windows.  
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Figure 1. Chinese vernacular window: shapes (18 types: W1-18), views (3 types: Blank, 

Urban, Nature), and physical attributes (Vd and Hd).  
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Table 1. Checklist of biophilia design criteria in Kellert model (Kellert and Calabrese, 

2015; Kellert, 2018).  

 

 

 

 

 

Direct Experience of Nature Indirect Experience of Nature Experience of Space and Place 

• Light  

• Air  

• Water  

• Plants  

• Animals  

• Weather  

• Natural landscapes and 

ecosystems  

• Fire  

 

• Images of nature 

• Natural materials 

• Natural colors 

• Simulating natural light 

and air 

• Naturalistic shapes and 

forms 

• Evoking nature 

• Information richness 

• Age, change, and the 

patina of time 

• Natural geometries 

• Biomimicry 

•  Prospect and refuge 

• Organized complexity 

• Integration of parts to 

wholes 

• Transitional spaces 

•  Mobility and 

wayfinding 

• Cultural and ecological 

attachment to place 
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Table 2. Checklist of biophilia design criteria in Terrapin model (Browning et al., 2014).  

 

Table 3. Checklist of biophilia design criteria in Salingaros model (Salingaros, 2015 & 

2019).  

 

 

 

Nature in the Space Patterns Natural Analogues Patterns Nature of the Space Patterns 

1. Visual Connection with Nature 

2. Non-Visual Connection with 

Nature 

3. Non-Rhythmic Sensory Stimuli 

4. Thermal & Airflow Variability 

5. Presence of Water 

6. Dynamic & Diffuse Light 

7. Connection with Natural Systems 

8. Biomorphic Forms & Patterns 

9. Material Connection with 

Nature 

10. Complexity & Order 

11. Prospect 

12. Refuge 

13. Mystery 

14. Risk/Peril 

Low-level Visual Features 

1.Sunlight; 2. Colour; 3. Gravity; 4. Fractals; 5. Curves; 6. Detail;  

7. Water; 8. Life 

Higher-level Visual Features 

9. Representations-of-nature  

10. Organized-complexity  
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Table 4. Window physical attributes: perimeter (Pw), A-ratio and Compactness.    

 W1 W2 W3 W4 W5 W6 W7 W8 W9 

Pw (m) 5.47 6.31 6.26 5.51 5.55 5.10 5.30 6.00 5.45 

A-ratio 

(unitless) 
0.66 0.83 1.00 0.77 0.76 0.96 1.00 1.12 1.00 

Compactness 

(unitless) 
0.94 0.71 0.72 0.93 0.91 1.00 1.00 0.78 0.95 

 W10 W11 W12 W13 W14 W15 W16 W17 W18 

Pw (m) 5.47 5.58 5.98 6.02 6.27 7.25 5.58 5.42 5.47 

A-ratio 

(unitless) 
0.67 1.10 1.00 0.66 0.55 0.19 0.91 1.00 1.50 

Compactness 

(unitless) 
0.94 0.90 0.79 0.78 0.72 0.53 0.90 0.96 0.94 

  

Table 5. Definitions of rating variables used in this study.  

Perceived Shape Complexity --- How much do you think that this window is complex in its shape design? 

Biomorphic Form --- How much do you think that this window shape is a simulation of natural features? 

Fascination --- How much do you think that this window view can draw your attention to many interesting 

things? 

Preference --- How much do you like this window?  

Note: 0=none at all (lowest possible rating); 10=very high.  

 

 

 

Note: Area of window void: AW=2.238 m2 (based on AutoCAD drawing); 

          A-ratio levels used for analysis: I (<0.8), II ([0.8 1.1]), III (>1.1);  

          Compactness levels used for analysis: I (<0.7), II ([0.7 0.9)), III ([0.9 1.0]). 
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Table 6. Descriptive statistics and correlation matrix for six variables. 

All views 

(N=95) 

 

M SD 1 2 3 4 5 6 

A-ratioa - - 1      

Compactnessa - - 0.160** 1     

Shape complexityb 4.17 2.22 -0.178** -0.055* 1    

Biomorphic formb 4.18 2.17 -0.020 0.100** 0.265** 1   

Fascinationb 4.39 2.09 -.096** 0.030 0.293** 0.641** 1  

Preferenceb 4.24 2.19 0.014 0.036 0.120** 0.583** 0.688** 1 

         

Blank view 

(N=31) 

 

M SD 1 2 3 4 5 6 

A-ratioa - - 1      

Compactnessa - - 0.160** 1     

Shape complexityb 3.78 2.19 -0.243** -0.056 1    

Biomorphic formb 4.14 2.32 0.017 0.134** 0.153** 1   

Fascinationb 4.61 2.13 -0.044 0.082 0.092* 0.651** 1  

Preferenceb 4.51 2.32 0.058 0.042 -0.042 0.563** 0.724** 1 

         

Urban view 

(N=32) 

 

M SD 1 2 3 4 5 6 

A-ratioa - - 1      

Compactnessa - - 0.160** 1     

Shape complexityb 4.67 2.16 -0.171** -0.041 1    

Biomorphic formb 4.31 1.94 -0.062 0.082 0.366** 1   

Fascinationb 4.53 2.00 -0.159** -0.013 0.451** 0.590** 1  

Preferenceb 4.18 1.92 -0.080 0.036 0.261** 0.544** 0.622** 1 

         

Nature view 

(N=32) 

 

M SD 1 2 3 4 5 6 

A-ratioa - - 1      

Compactnessa - - 0.160** 1     

Shape complexityb 4.05 2.23 -0.129** -0.071 1    

Biomorphic formb 4.07 2.24 -0.020 0.082 0.285** 1   

Fascinationb 4.04 2.11 -0.089* 0.020 0.353** 0.680** 1  

Preferenceb 4.03 2.29 0.050 0.030 0.189** 0.638** 0.706** 1 

 

 

 

Note: Values in the correlation matrix are for Pearson correlations. *p < 0.05; **p < 0.01. 

a Higher values indicate higher levels.  

b Ratings given on an 11-point scale (0 = none at all, 10 = very high).  
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Table 7. ANOVA analysis of the impact of window shape on ratings for psychological 

variable (three views). 

                 Window views 

 

 

Variables 

Blank Urban Nature 

 F(17, 504) p ηp
2 F(17, 504) p ηp

2 F(17, 504) p ηp
2 

 

Shape 

complexity 

 

22.139 0.000 0.411 12.954 0.000 0.283 10.088 0.000 0.235 

Biomorphic 

form 

 

2.912 0.000 0.084 2.231 0.003 0.064 2.190 0.004 0.063 

Fascination 

 

0.869 0.612 0.027 3.771 0.000 0.103 1.916 0.015 0.055 

Preference 2.396 0.001 0.070 2.720 0.000 0.077 3.541 0.000 0.097 

 

 

 

 

 

 

 

 

 

Note: Significance was achieved at the level of p < 0.05. 
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Table 8. Significant differences of mean ratings for preference: Tukey HSD (three views). 

Tukey 

HSD 

Pair comparison: Preference  

  Mean differences 

(I-J) 

Sig. 

 

95% CI 

 I J Lower Bound Upper Bound 

Blank 

view 

W7 W3 2.1290 0.027 0.1086 4.1494 

W7 W6 2.0968 0.032 0.0764 4.1172 

Urban 

view 

W13 W1 2.0000 0.003 0.3575 3.6425 

W13 W3 2.3438 0.000 0.7013 3.9862 

W13 W6 1.7500 0.023 0.1075 3.3925 

W13 W8 1.8125 0.014 0.1700 3.4550 

W13 W12 1.6563 0.046 0.0138 3.2987 

W5 W3 1.6875 0.037 0.0450 3.3300 

Nature 

view 

W1 W4 -1.9375 0.049 -3.8709 -0.0041 

W1 W5 -2.0312 0.028 -3.9647 -0.0978 

W1 W7 -2.0937 0.019 -4.0272 -0.1603 

W1 W8 -2.1250 0.015 -4.0584 -0.1916 

W1 W12 -2.1250 0.015 -4.0584 -0.1916 

W1 W13 -2.0312 0.028 -3.9647 -0.0978 

W3 W7 -1.9687 0.041 -3.9022 -0.0353 

W3 W8 -2.0000 0.034 -3.9334 -0.0666 

W3 W12 -2.0000 0.034 -3.9334 -0.0666 

W6 W7 -1.9688 0.041 -3.9022 -0.0353 

W6 W8 -2.0000 0.034 -3.9334 -0.0666 

W6 W12 -2.0000 0.034 -3.9334 -0.0666 
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Table 9. ANOVA analysis of the impact of view on psychological variable (for each 

window shape, significance was achieved at the level of p < 0.05). 

 Shape complexity Fascination Preference 

 F(2, 92) p ηp
2 F(2, 92) p ηp

2 F(2, 92) p ηp
2 

W6 - - - 4.555 0.013 0.090 - - - 

W7 11.635 0.000 0.202 2.957 0.057 0.060 - - - 

W8 4.441 0.014 0.088 - - - 3.257 0.043 0.066 

W11 - - - 3.438 0.036 0.070 - - - 

W12 6.460 0.002 0.123 - - - - - - 

W14 3.217 0.045 0.065 3.789 0.026 0.076 - - - 

W16 3.865 0.024 0.078 - - - - - - 

W18 4.857 0.010 0.096 - - - - - - 
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Appendix A: Descriptive statistics of experiment results 

1. Descriptive statistics: Perceived Shape Complexity.  

Descriptive statistics: Perceived Shape Complexity 

 

View 

 Window types 

 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 W18 Total 

Blank 

 

Mean 3.76 4.40 4.82 5.26 4.13 5.13 1.69 1.58 3.50 2.66 3.63 1.40 4.68 3.47 5.61 3.42 6.48 2.44 3.78 

SD 1.84 1.66 1.92 1.41 1.86 2.19 1.43 1.46 1.73 1.80 1.52 1.21 1.89 1.66 2.01 1.46 1.81 1.56 2.19 

SE 0.33 0.30 0.34 0.25 0.33 0.39 0.26 0.26 0.31 0.32 0.27 0.22 0.34 0.30 0.36 0.26 0.32 0.28 0.093 

N 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 558 

Urban 

Mean 4.47 4.84 5.72 5.66 4.56 6.25 3.50 2.72 4.13 3.59 4.38 2.84 5.31 4.59 6.16 4.53 7.06 3.81 4.67 

SD 2.09 2.14 2.43 2.04 1.70 2.08 1.81 1.49 1.56 1.70 1.54 1.44 1.91 1.93 2.23 1.32 1.87 1.79 2.16 

SE 0.37 0.38 0.43 0.36 0.30 0.37 0.32 0.26 0.28 0.30 0.27 0.25 0.34 0.34 0.39 0.23 0.33 0.32 0.09 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 

Nature 

Mean 3.63 4.28 5.22 4.75 3.66 5.44 2.19 2.13 3.94 3.19 4.25 2.53 4.66 4.13 5.59 4.25 5.84 3.31 4.05 

SD 2.03 2.16 2.30 1.90 1.94 2.40 1.33 1.60 1.93 1.84 1.74 2.18 1.96 1.70 1.97 2.06 2.34 1.94 2.23 

SE 0.36 0.38 0.41 0.34 0.34 0.42 0.24 0.28 0.34 0.33 0.31 0.39 0.35 0.30 0.35 0.36 0.41 0.34 0.093 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 
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2. Descriptive statistics: Biomorphic Form  

Descriptive statistics: Biomorphic Form 

 

View 

 Window types 

 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 W18 Total 

Blank 

 

Mean 3.00 3.00 3.29 4.58 4.13 4.48 4.84 3.92 3.94 4.71 4.10 3.89 4.32 4.15 3.61 4.31 5.90 4.42 4.14 

SD 2.19 2.14 2.33 2.43 1.98 2.55 2.71 2.78 1.95 1.97 2.18 2.48 2.12 2.22 1.87 2.12 2.23 2.11 2.32 

SE 0.39 0.39 0.42 0.44 0.36 0.46 0.49 0.50 0.35 0.35 0.39 0.44 0.38 0.40 0.34 0.38 0.40 0.38 0.098 

N 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 558 

Urban 

Mean 3.50 4.22 3.56 4.91 4.53 4.56 4.38 3.69 4.38 4.53 4.19 3.94 5.13 4.44 3.91 4.09 5.38 4.28 4.31 

SD 1.90 2.07 1.85 2.16 1.93 2.27 2.32 1.91 1.76 1.50 1.64 1.95 1.86 1.83 1.51 1.44 2.28 1.84 1.94 

SE 0.34 0.37 0.33 0.38 0.34 0.40 0.41 0.34 0.31 0.27 0.29 0.34 0.33 0.32 0.27 0.26 0.40 0.32 0.081 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 

Nature 

Mean 3.13 3.69 3.09 4.53 4.56 3.66 4.41 4.06 4.19 4.50 3.59 4.44 4.66 3.63 3.53 4.44 5.25 4.00 4.07 

SD 1.95 2.38 1.87 2.12 2.12 2.22 2.33 2.68 1.99 2.16 1.92 2.66 2.06 1.90 2.30 2.21 2.55 2.03 2.24 

SE 0.34 0.42 0.33 0.38 0.38 0.39 0.41 0.47 0.35 0.38 0.34 0.47 0.36 0.34 0.41 0.39 0.45 0.36 0.093 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 
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3. Descriptive Statistics: Fascination 

Descriptive statistics: Fascination 

 

View 

 Window types 

 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 W18 Total 

Blank 

 

Mean 4.37 4.42 4.35 4.87 5.00 4.55 5.10 4.00 4.69 4.68 4.65 3.84 5.10 4.58 4.35 4.61 5.13 4.68 4.61 

SD 2.26 2.38 2.40 2.19 1.88 2.36 1.94 2.41 1.94 2.01 1.98 2.18 2.09 2.09 2.27 1.78 2.31 1.83 2.13 

SE 0.41 0.43 0.43 0.39 0.34 0.42 0.35 0.43 0.35 0.36 0.35 0.39 0.37 0.38 0.41 0.32 0.41 0.33 0.090 

N 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 558 

Urban 

Mean 4.59 4.72 4.53 5.22 4.56 5.06 3.88 3.09 4.75 4.00 4.53 3.63 5.78 4.56 5.09 4.16 5.34 4.00 4.53 

SD 2.28 2.07 2.33 1.75 1.79 2.50 1.93 1.86 1.65 1.48 1.80 1.77 1.68 1.90 1.96 1.55 2.15 1.83 1.99 

SE 0.40 0.37 0.41 0.31 0.32 0.44 0.34 0.33 0.29 0.26 0.32 0.31 0.30 0.34 0.35 0.27 0.38 0.32 0.083 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 

Nature 

Mean 3.81 4.28 3.78 4.69 4.38 3.38 4.34 3.44 4.25 3.84 3.56 3.78 5.22 3.44 3.97 4.00 4.81 3.78 4.04 

SD 1.87 2.26 2.24 1.97 2.04 1.98 2.15 2.20 1.92 1.99 1.64 2.57 2.17 1.68 2.32 2.05 2.29 1.88 2.11 

SE 0.33 0.40 0.40 0.35 0.36 0.35 0.38 0.39 0.34 0.35 0.29 0.46 0.38 0.30 0.41 0.36 0.41 0.33 0.088 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 
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4. Descriptive Statistics: Preference 

Descriptive statistics: Preference  

 

View 

 Window types 

 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 W18 Total 

Blank 

 

Mean 3.42 4.45 3.26 4.77 4.74 3.29 5.39 5.06 5.00 4.74 5.06 5.03 4.81 4.32 4.03 4.58 4.77 4.39 4.51 

SD 2.57 2.51 2.28 2.22 2.14 2.08 2.32 2.39 2.00 2.38 2.42 2.36 2.36 2.27 2.15 1.96 2.19 2.12 2.32 

SE 0.46 0.45 0.41 0.40 0.39 0.37 0.42 0.43 0.36 0.43 0.43 0.42 0.42 0.41 0.39 0.35 0.39 0.38 0.098 

N 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 558 

Urban 

Mean 3.50 4.41 3.16 4.47 4.84 3.75 4.09 3.69 4.59 4.06 4.25 3.84 5.50 4.16 3.97 4.28 4.78 3.88 4.18 

SD 2.06 2.09 1.57 1.80 1.94 1.87 1.82 2.04 2.05 1.68 1.57 1.76 2.03 1.87 1.51 1.78 2.04 2.09 1.92 

SE 0.36 0.37 0.28 0.32 0.34 0.33 0.32 0.36 0.36 0.30 0.28 0.31 0.36 0.33 0.27 0.32 0.36 0.37 0.08 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 

Nature 

Mean 2.69 3.97 2.81 4.63 4.72 2.81 4.78 4.81 4.59 4.06 3.91 4.81 4.72 3.19 3.63 4.25 4.09 4.22 4.04 

SD 1.75 2.47 1.80 2.09 2.39 2.04 2.42 2.42 1.90 2.31 1.89 2.92 2.37 1.71 2.17 2.14 2.51 2.03 2.29 

SE 0.31 0.44 0.32 0.37 0.42 0.36 0.43 0.43 0.34 0.41 0.33 0.52 0.42 0.30 0.38 0.38 0.44 0.36 0.095 

N 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 576 

 

 

 

 

 


