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Abstract  
It is widely believed that people have preferences in relation to the colour of their interior 

environment. With the development of the global small apartment industry, it is important to 

understand well people's colour preference for apartments. This study investigated the 

apartment colour preference (N = 958) and the arousal level measured as heart rate variability 

for 70 young Chinese people for 21 colours. The findings indicate that young Chinese people 

(22-27 years of age) prefer light red, red, yellow, and gray areas of the colour space, and least 

prefer darker colours in the green, gray, and brown areas of the colour space. In terms of heart 

rate variability arousal, it was found that colours in the red, purple, and yellow areas of the 

colour space had the highest effect on heart rate variability arousal, vs gray and brown colours, 

which were found to have the lowest effect on arousal levels 

 

Keywords：small apartments, colour preference, arousal level, young people 

 

1. Introduction  

Colour is one of the key visual dimensions of the environment.1 In various settings such as 

stores, malls, restaurants, offices and hospitals, appropriate colour can convey not only product 

information and features but can also attract customers' attention,2-6 stimulate their willingness 

to purchase, and greatly improve brand recognition.7-12 Previous studies have explored the 

relationship between colours in various spaces and user preferences.13-16,7 Colour preference is 

an important consideration in architecture and interior decoration because people prefer a 

harmonious environment that makes them happy.17 Colour schemes used in workplaces and 

offices found to be more pleasant, attractive, satisfying and dynamic can effectively improve 

employee performance and accuracy. 18-19 In marketing research, 20 colour, as an important 

factor of the environmental "atmosphere", induces specific emotions that motivate purchase 

intention. 21-25 However, consumers’ colour preferences for apartment environments have so far 

received little attention. 

 

As the world’s population grows, small apartments are becoming more and more popular, 
especially in metropolitan areas.26 In international metropolises such as London, San Francisco 

and Sydney, the occupancy rate of small apartments accounted for 45% of the local occupancy 

rate due to the large international student population and employed youth.27 In Japan, where 

traditional social life is family-based, about 40% of young people now live in small 

apartments.28 In Hong Kong, due to various factors such as cross-city work of young migrant 

people, multi-generational family homes have decreased, and with the development of 

urbanisation, the occupancy rate of young people in small apartments has reached over 92%.29 

China is one of the fastest-growing countries in the small apartment industry, and the number 

of young people living in small apartments rose from 6% in 1999 to 42% in 2019.30-31 More 

than 200 million young people live in a small apartment. In the small apartment rental industry, 

there are apartments with multiple conditions for young people to choose from, and the 

atmosphere of the apartment plays an important role in marketing.32-33 In order to compete with 

other rental housing agencies, rental housing agencies need to implement new interior design 
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strategies to attract the attention of young people. One of the most effective and economic 

strategies is to choose or modify interior colours. Nevertheless, little is known about the colour 

preference of young people for small apartment environments.  

 

Many theories have attempted to explain the origins of human colour preference. One discovery 

found that the colour environment affects human performance and emotional preferences.34 

Colours play an important role in the environment, but people have questions about the exact 

impact of specific colours on humans and their behaviour.35 In Bakke's study of 1,095 Dutch 

people's colour preference, it was found that there was a significant relationship with gender, 

education level, age, culture and personality traits.36-37 Moreover, young people's colour 

preferences have been studied in the past, with many studies indicating that there are significant 

gender differences.42-43 Gunter and Furnham highlighted that the popular colours and main 

colours of various periods of social development had a huge impact on the colour preferences 

of young people. 44 At the same time, the colour preferences of young people will be consistent 

with the development trend of popular colours in various periods,45-47 and young men and 

women have obvious differences in colour choices.48-52  

 

The colour preference shown by people can be divided into three types: phenomenological (i.e., 

based on experience), biological (i.e., arousal level or neural activity in response to different 

colours) and ecological (i.e., emotional response to colour).38 An objective method of assessing 

the relationship between colour and arousal level that does not rely on self-reporting is the use 

of physiological measures, such as heart rate variability (HRV).40 HRV refers to changes in the 

time intervals between consecutive heartbeats called interbeat intervals (IBIs). HRV is 

inversely related to emotional intensity and arousal. 90 Kaiser (1984) conducted a systematic 

review of multiple physiological colour responses and believed that colour is associated with 

multiple physiological responses. For example, red is frequently associated with excitement, 

fear, high arousal, etc.77 Zohdi (2006) also studied the impact of colour and light on 

physiological states. The results of this study showed significant changes in heart rate after few 

minutes of exposure to different colours with various intensities. Previous experimental studies 

have suggested that long-wavelength colours, such as red and yellow, are more arousing than 

short-wavelength colours, such as blue and green.39-41,4 In brief, physiological measures, such 

as HRV, are objective cues for identifying the arousal level induced by space colours. 

 

The main purpose of this study is to explore the colour preferences of young Chinese people in 

small apartment environments and use HRV to assess the arousal level caused by the colour of 

the space. Thus, we attempt to answer four questions: (Q1) What is the colour preference of 

young Chinese people for small apartments? (Q2) What is the arousal level induced by the 

environmental colour of a small apartment? (Q3) What is the relationship between colour 

preference and arousal levels in small apartments? (Q4) Does gender affect colour preference 

and arousal level? This study may also provide a theoretical basis for housing agencies to 

understand the importance of young people's colour preferences for decorating small 

apartments. 
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2. Experiment 1. Young people's colour preference for small apartments 

2.1 Participants  

The participants in this study were Chinese undergraduate or postgraduate students between the 

ages of 22 and 27. 1,052 participants took the Ishihara colour blindness test, and 94 participants 

were eliminated due to varying degrees of colour blindness. A total of 958 participants 

completed the experiment (491 males and 467 females). In total, 718 participants took part in 

the first round of the survey (361 males and 357 females); 240 participants took part in the 

second round of the survey (120 males and 120 females). All individual participants in this 

study gave written informed consent prior to their participation and were free to withdraw from 

the study without prejudice. The experiment was reviewed and approved by the Research Ethics 

Committee of the University of Leeds. 

 

2.2 Scene setting  

Before the study, the physical feature data was collected from 200 small apartments from nine 

large rental housing agencies in China using the convenience sampling method. The 

preliminary field survey revealed that the typical area of small apartments in China is 10-15 m2. 

For this study, the floor area was set to 12 m2 to get a typical floor plan of small apartments. 

The interior wall surfaces and ceilings were covered with one main colour in the current small 

apartment design, while furniture and floors were decorated in a sub-colour. 

 

The scenes of a small apartment with various colour environments were simulated using a 3D 

realistic computer rendering program that projected images of a typical small apartment with a 

total usable area of 12 m2. Facilities such as kitchens and bathrooms were excluded from the 

scenes. The average illuminance level in the generated scenes was set to 500 lx and had a 

correlated colour temperature of approximately 4500 K for general lighting and decorations. A 

3D realistic computer rendering tool was chosen as the method to generate realistic interior 

perspectives. This method has been used in previous studies7,16,56 and verified for its accuracy 

in representing actual scenes. 57 

 

HTC Vive HMD was used for the study. It has an OLED display with a resolution of 2160×1200. 

The refresh rate is 90 Hz, and it provides 110 ° of field of view (FOV). For each colour condition, 

three 3D scenes (V1-V3) were generated to imitate the participant looking at different 

perspectives in the apartment from a 4–5 m distance with an angle of view of approximately 

40 °. The main colours (selected for large surfaces) and the sub-colours (for furniture and floor) 

are displayed in Figure 1. Examples of computer-generated scenes with the 21 colour conditions 

are shown in Figure 2. 

 

2.3 Values of colour scenes 

A total of 21 environmental colours and one furniture colour currently used by rental housing 

agencies were selected from 200 small apartments. In each generated scene, the vertical wall 

surfaces and the ceiling were covered in the main colour, while sub-colours were used for 
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furniture and floors. The 21 colour samples were organised into seven colour groups. The 

samples included four primary hues based on Hering's58 colour opponency theory: red (R), 

yellow (Y), green (G), blue (B) and three other colours: purple (P), brown (BR) and grey (Gr). 

3D rendering software was used to output the RGB and CIE L*a*b* values of the rendering 

colour of each scene (see Table 1). 

 

2.4 Procedure  

The experiment was conducted indoors without daylight. Testing for all sessions took place 

during the period September to November 2020, and the participants were taken to the specialist 

space between 10:00 a.m. and 4:00 p.m. They were instructed how to use the VR glasses in 

order to get used to watching the scene before starting the experiment. At the beginning of the 

experiment, each participant was asked to look at a 10-sec white screen for chromatic adaptation. 

Then 21 3D colour scenes appeared on the VR head-mounted display in random order and 

stayed for 10 sec for the participants to experience each image in all aspects. The order in which 

the colours were presented was counterbalanced across the participants.59 After all the 

presentations were completed, all 21 colour scenes appeared on the same screen, the first part 

of the experiment was mainly about collecting data about the participants’ three most favourite 
colours.  

 

The second part of the experiment was carried out 7 days after the end of the first part of the 

experiment. This method has been verified in multiple papers. 53-55 The participants were asked 

to score 21 colours using a 10-point scale, with 10 points per level and a total of 10 levels. The 

scoring scale was 0-100 points, with 0 meaning the least favourite and 100 the most favourite 

colour. 53   

 

2.5 Statistical analysis 

Before calculating analyses of variance (ANOVAs) and Cronbach's alpha, we calculated the 

average score of the 21 colour preferences. We also used an ANOVA to test whether the 

different colours differed across genders and calculated Cronbach's alpha coefficient to check 

the internal consistency reliability of the experiment. Any statistical significance (α < .05) was 

followed up with LSD tests. Bonferroni corrected for multiple comparisons. All statistical 

analyses were conducted using SPSS v17.0. 

 

2.6 Results 

2.6.1 Analysis of young people's colour preference  

The first rounds of testing in the first experiment found that, as shown in Figure 3, among the 

21 colours from which the participants should choose their three favourite ones as the wall 

colour for a small apartment, red-1 (33.5%) was chosen most frequently, followed by yellow-1 

(26.1) and grey-4 (25.3%). The selection rate was higher than 25%, and the number of 

participants choosing these three colours was significantly higher than for the other colours. On 

the other end, green-1 (4.2%) had the lowest selection rate, followed by brown-1 (5.4%), grey-

1 (5.3%) and green-1 (6.2%): all of these were selected by less than 10%. Except for red-1-2, 
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yellow-1,3, grey-4 and green-3, the selection rate of the other colours was less than 20%. It 

seems that more participants choose low saturation colours instead of high saturation colours. 

The participants preferred warm colours such as red or yellow over cool colours. 

 

2.6.2 Mean scores of 21 colours rated  

In the second part of the experiment, the participants scored the 21 colours. The results revealed 

significant differences among the 21 colours (F (20, 5019) = 48.29, P <.0001, 2
P

 =0.72). After 

the post-hoc test, it was found that red -1 showed no significant difference to yellow-1 and grey-

4 (P > .05), but red-1, yellow-1 and grey-4 were all significantly different from the other 18 

colours in preference (P < .001). Figure 4 shows that most participants preferred red-1 (M = 

82.18, SD = 17.39), yellow-1 (M = 77.74, SD = 17.19) and grey-4 (M = 76.81, SD = 15.53). 

The lowest scores were found for green -1 (M = 18.23, SD = 11.41), grey -1 (M = 19.34, SD = 

16.92) and brown -1 (M = 21.52, SD = 15.81). In addition, the results also show that among the 

seven hues, colour preference decreased with increasing saturation. The chroma difference in 

each hue also had a significant impact on preference (F (6, 1428) = 82.47, p <.05, 
2
P

 =0.54). 

The post-hoc testing of seven hues showed that (red-1 and (red 2-3), yellow-1 and (yellow 2-

3), gray-4 and (grey 1-3, 5), green-3 and (green 1-2)) have significant differences between them 

(p<.05). Blue, brown and purple also have the same differences, but they are not significant 

(p>.05). This shows that the participants preferred the walls of the small apartments to have 

low saturation colours. Also, the trend in the colour preference ratings of the 718 participants 

in the first round was the same as that of the 240 participants in the second round. 

 

2.6.3 Gender differences in colour preference 

Significant differences were found in the preferences of men and women regarding the 21 

colours (F (20,5019) =41.477, p <.01, 
2
P

 =0.39), as well as a significant two-way interaction 

(F (20, 5019) =6.342, p < .01, 
2
P

 =0.64). A 7 (red vs yellow vs grey vs green vs blue vs brown 

vs purple) × 2 (gender) ANOVA demonstrated a significant main effect of hue (F (6, 1428) = 

37.13, p< .01, 
2
P

 =0.51). This shows that men and women have significantly different colour 

preferences for small apartments, and that the hue has a significant effect on the difference in 

colour preference between men and women. 

 

Further post-hoc testing showed that there were significant differences between genders in the 

preference for red-1 (p<.05), red-3 (p<.01), yellow-1 (p<.01), green-1 (p<.05), grey-1 (p<.05) 

and brown-1 (p<.01). Figure 5 shows that for small apartments that integrate life and sleep, men 

preferred blue, green, yellow and grey more than women did, and there were significant 

differences in yellow-1, green-1 and grey-1 compared to women (p <.05). Women preferred 

red, brown and purple, and there was a significant difference between red-1 and brown-1 

compared to men (p<.05). The results also show that the more saturated the colour, the greater 

the difference between men and women, which is reflected in red-1 (p<.05) and red-3 (p<.01). 

Green and blue also have a difference, although it is not significant (p>.05). 
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3. Experiment 2. Young people's physiological evaluation of the colour of 

small apartments 

3.1 Participants  

70 participants who had participated in the first round of the experiment participated in the 

second experiment (41 males and 29 females). No participant reported any cardiovascular or 

nervous system problems, and they were instructed not to smoke or drink caffeine or alcoholic 

beverages, get enough sleep and avoid physical labour for six hours before the experiment. 

Participation was by informed consent, and the experiment was reviewed and approved by the 

Research Ethics Committee of the University of Leeds. 

 

3.2 Scenes and colour samples 

Experiment 2 used the same scenes and colour samples as Experiment 1. 

 

3.3 Apparatus and materials  

Cardiovascular parameters were measured using an infrared pulse plethysmograph (AD 

Instruments 1020 EC) attached to the tip of the ear, using a sampling rate of 1000 Hz and a 200 

Hz low-pass filter. Movement artefacts were removed manually, and the missing heartbeats 

were reconstructed by interpolation before the number of heartbeats was determined and 

transformed into the mean heart rate (reported in beats per min; bpm). 90 Finally, the heart rate 

variability was calculated as the standard deviation variable of the NN intervals, and HRV was 

measured during exposure to different colour stimuli.40 

 

3.4 Procedure  

The second experiment was performed 15 days after the end of the first experiment to avoid 

interference from the first experiment. The participants were taken to the laboratory between 

9:00 a.m. and 4:00 p.m. Before the start of each experiment, the objectives and procedures were 

explained to the participants. During the first 15 min after installation of the heart rate monitor, 

the participants were asked to remain seated without moving. Their heart rates were recorded 

for 3 min to determine the resting (baseline) heart rate. Afterwards, they put on VR glasses to 

watch a white screen for chromatic adaptation. After 10 seconds, 21 3D colour scenes were 

played. Each colour scene lasted for three minutes to help the participants better experience the 

colour stimulation in the virtual scene. A 3-minute white screen provided a gradual transition 

between the different colour scenes to avoid any residual effects on the participants from the 

previous colour stimulation. After the experiment, the participants rested in the laboratory for 

ten minutes for chromatic adaptation. This process was conducted twice. Each time, the 

participant was exposed to a different colour condition. In line with a Balanced Latin Square 

design, the order in which the colours were presented was counterbalanced across the 

participants.59 

 

3.5 Statistical analysis  

This study used a repeated-measures ANOVA and Bonferroni correction multiple comparisons 
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to analyse the HRV data. Any statistical significance (α < .05) was followed up with LSD tests. 
The data are shown as mean ± standard error. The Pearson correlation coefficient was used to 

analyse whether there is a correlation between colour preference and HRV arousal level. All of 

the data we tested were analysed by using SPSS 17.0.  

 

3.6 Results 

3.6.1 Evaluation of young people's HRV arousal to colour  

In the second experiment, it was found that the average difference of the 21 colours had a 

significant level, as did the effect between groups (F (20,1380) =15.477, p < .01, 
2
P

 =0.48), as 

shown in Figure 6. This means that for the participants in different colour environments, the 

HRV arousal level was different, that is, different colours had a significant impact on the HRV 

of the young people. The colours that had the least impact on HRV were red-3 (M =2.35, SD = 

0.64), purple-2 (M =2.43, SD = 0.55) and yellow-2 (M =2.51, SD = 0.60). As previously 

discussed, an individual's arousal level is inversely related to the HRV, which means that the 

young people had higher levels of arousal for red-3, purple-2, and yellow-2. Grey-5 (M = 3.86, 

SD = 0.28), brown-2 (M = 3.68, SD = 0.74) and grey-4 (M = 3.61, SD = 0.25) had the highest 

HRV values, which means that the young people had lower levels of arousal for grey-5, brown-

2, and grey-4. Further post-hoc testing showed that there was no significant difference in HRV 

activation between red-3 and purple-2 (p > .05), but there were significant differences in 

activation between red-3, purple-2 and other colours (p < .05). This also shows that the red-3 

and purple-2 environment could produce significant arousal in young people. In addition, this 

study compared the chroma difference of each hue and further found that red-3 and red 1-2, 

purple-2 and purple-1 revealed significant differences (p < .05), which seems to indicate that 

the more saturated the colour, the greater the level of arousal in the participants. 

 

3.6.2 Gender differences in heart rate variability level  

Figure 7 summarizes the arousal levels of the 21 colours regarding HRV in men and women. 

The results show that gender and colour have a significant two-way interaction 

(F(20,1428)=21.935, p <.05, 
2
P

 =0.36), and ANOVA demonstrated that the colour has a main 

effect on the difference of gender-related HRV activation (F(20,1428) =30.386, p <.05, 
2
P


=0.72). Further analysis of the difference in HRV activation between men and women by colour 

revealed a significant difference between men and women (F(1,1428)=10.364, p <.05, 
2
P


=0.43). This demonstrates significant differences in the arousal levels of men and women in 

response to different colours, and proves that colour has a major effect on the difference in 

HRV activation between men and women. 

 

It was further found that different hues led to different HRV arousal levels for men and women. 

Men had higher HRV arousal levels for purple, blue, and green, while women had higher HRV 

arousal levels for red and yellow. Post-hoc testing showed that women had higher HRV arousal 

levels in red, yellow and brown environments than men, and the difference was found to be 
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significant (p<.01). In contrast, men had higher HRV arousal levels in purple, blue 1-2 and 

green 1-2 environments than women, and there were significant differences (p<.05). However, 

the difference between men and women in the grey environment was not significant (p>.05). 

Moreover, analysing the HRV difference of the colour in each hue to gender, it is found that 

the HRV difference between men and women showed an increasing trend with the increase of 

colour saturation, but there was no significant difference (p>.05). 

 

3.6.3 Correlation between colour preference and HRV arousal 

The Pearson correlation coefficient was used to test the correlation between young people’s 
colour preference and HRV arousal level, The results showed no correlation between colour 

preference and HRV arousal (r=0.13 p=. 72>.05). Further examination of colour preference and 

HRV arousal level by gender (male: r=0.44, p=.68>.05; female: r=0.51, p=.41>.05) showed 

that male and female colour preference and HRV arousal did not correlate either. This shows 

that there is no significant relationship between young people's colour preference and HRV 

arousal levels for the 21 colour environments examined. 

 

4. General discussion 

There are several interesting findings in the present study. Firstly, among the 21 colours, red-1, 

yellow-1 and grey-4 were preferred the most, while green-1, grey-1 and brown-1 were the least 

preferred (Q1). Secondly, based on HRV, red-3, purple-2 and yellow-2 had the highest arousal 

levels for young people, while grey-4, grey-5 and brown-2 had the lowest arousal levels (Q2). 

Thirdly, when comparing the colour preference and HRV arousal levels for the 21 colours, it 

was found that there was no significant correlation for both; however, red and yellow were not 

only the favourite hues, but the HRV activation level was also the highest. (Q3). Fourthly, 

gender differences were found in both colour preference and HRV arousal. 

 

4.1 Colour preference for small apartments  

The study of colour preference of young people for small apartments showed that young people 

prefer red-1, yellow-1 and grey-4. This was consistent with findings from some previous 

studies.60-62 But in this study, grey-4 was identified as being a preferred colour of small 

apartment environments by young people. In previous studies, grey was generally considered 

an unfavourable or negative colour. 62 We analysed the participants’ reasons for choosing grey. 
Most participants believed that grey-4 as a light grey is very similar to modern popular colours 

(retro grey). Many high-end fashions such as Diro or some advertising posters often use lighter 

grey as the main colour, and the participants believed that this is a trendy colour. Besides, we 

also found that young people prefer low-chroma colours as the environmental colours of small 

apartments. The results show that the three most preferred colours for young people are light 

colours (low chroma), and the least preferred ones (green-1, grey-1 and brown-1) are dark 

(high- chroma) colours, which is consistent with previous research. 63  

 

This study also found that there are significant gender differences in environmental colour 

preferences. Women were found to like red, brown and purple more than men did, especially 



 

10 

 

red-1. This is consistent with a large number of previous publications. Whether it is the 

preference research of colour patches or the colour research of carriers such as the environment 

or interface, women's preference for pink (red-1) seems to appear to develop early in childhood. 
19,49, 64 This gender-stereotyped preference emerged from the development of gender-specific 

roles in childhood. 64 In contrast, men preferred blue, green, yellow and grey more in our study 

than women did. Men’s preference for cool colours is also affected by the development of their 

role in the process of growing up, 49 and many studies have shown that this gender preference 

is difficult to change due to the attributes of the colour carrier. 64,81 There are also some studies 

which suggest that gender differences in colour preference might arise from associations of 

different specific objects between the two genders. 45,81 Therefore, there is no single theory that 

can explain all the findings about gender differences in colour preference. In the future, a more 

comprehensive and evidence-based study is needed to determine gender differences in colour 

preference. 

 

Furthermore, some studies have shown that the reason why people prefer warm colours in their 

living rooms is because warm colours can increase positive emotions and make a room feel 

more spacious.40 On the other hand, people prefer low-chroma or cool colours in their bedrooms 

to help them sleep better and to relieve tension. 4 For small apartments, this is comparable with 

the common functional area of activity room and bedroom. The young Chinese people who 

participated in this study preferred light-warm colours for this comprehensive environment. 

This result may show that the participants believed that light-warm colours could improve the 

spaciousness of small apartments and increase positive emotions (such as safety and warmth). 
64 Therefore, this confirms that the colour preference in the living space varies depending on 

the type of activity for which it is intended 73 and affects the mood and performance of the target 

population in the area in the long term.80 

 

4.2 HRV arousal level caused by the environmental colour 

This study also proved that colour affects the HRV arousal level of young people in small 

apartments. The results show that warm colours in small apartment environments cause higher 

HRV arousal than cool colours and greys. The results are consistent with previous 

studies.41,65,66,4 The results of the 21 colours on the HRV of the participants show that the order 

of the environmental colour of the small apartment on the young people’s HRV arousal is: red, 

purple, yellow, blue, green, brown, grey (R >P >Y >B >G >Br >Gr). This also proves previous 

studies indicating that the long-wavelength colours red and yellow are more arousing than the 

short-wavelength colours blue and green.39 However, Wilson believes there is a possible U-

shaped relation with arousal in the visible spectrum, with the colours at the ends (i.e., red and 

purple) being more arousing than the colours at the centre (e.g., green).67 Two hues of grey and 

brown were added in this study, and it was found that for grey and brown, the arousal level was 

lower than for the main colour. Therefore, the results of this study are consistent with the 

principle of colour arousal level of R> O> Y> G <B <P. 67 

 

There were also significant differences in the HRV arousal of men and women in the 
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environment colour of small apartments. For women, warm colours caused higher arousal 

levels than cool colours. Compared with men, red and yellow led to higher levels of arousal in 

women. Men were more aroused by purple and blue, while men and women were less aroused 

by green, grey and brown. This fully shows that the HRV arousal level of men and women has 

a U-shaped relation in the visible spectrum, and that the colours at both ends are more likely to 

cause arousal in both men and women.39 This also shows that the HRV arousal level and the 

colour preference of men and women are consistent. 

 

Our study also found that among the seven hues, colours with a higher level of saturation were 

more capable of arousing higher HRV, while colours with a lower level of saturation led to less 

HRV arousal. This is consistent with some other studies. Colours with high chroma will 

strongly affect a human's visual perception and physiological response, especially when 

performing some highly mental workload tasks (such as visual tracking, comparison tasks75-76), 

and physiological representations will react strongly (for example, physiological signs such as 

brain cerebral oxygenation, HRV and galvanic skin response77). Such colours have a promoting 

effect on task performance75 but being in such an environment for a long time will cause mental 

tension and even negative emotions such as depression and anxiety78-79. 

 

4.3 The relationship between colour preference and HRV arousal level 

The comparison of the environment colour of the small apartment on the young participants’ 
preference and their HRV arousal level shows that the colour preference of warm over cool 

colours matches with the high arousal levels induced by warm colours over cool colours. The 

red environment caused the highest HRV arousal, and light red (red-1) was also the most 

popular environment colour. Young people not only need to perform work or other activities in 

small apartments, but also need to sleep and rest in them. A small apartment offers an 

environment that has to be suitable for multiple functions, so in this environment, colours are 

needed to generate a certain level of activation for people. Moreover, in small apartments, men 

and women prefer light colours rather than grey or dark colours, which shows that light colours 

can make a small apartment feel more spacious and relieve mood swings.70 For women, 

apartments in the red environment caused the highest HRV arousal, and the pink environment 

was also the most preferred one. For men, on the other hand, apartments in the purple 

environment caused the highest HRV arousal, but purple was not necessarily the least preferred 

colour. Therefore, in this study, this relationship was found only to be true for women and not 

for men. 

 

In 21 colour scenes, this study found that the higher the chroma, the stronger the HRV arousal 

level. However, the young people preferred low-chroma colour environments. Some studies 

have found that high-chroma scenes can significantly arouse human physiological responses. 

This type of theory has reference significance for the colour design of high-alert working 

environments (e.g., industrial plants or nuclear power plant control rooms)82, while strongly 

saturated colours can be used in a small area (e.g., traffic signs) instead of in the entire 

environment.48 For small apartments, high-chroma colours may produce a sense of depression, 
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which has been verified in some extreme environments, such as the internal environment of a 

space station or a submarine. 83-84 A large number of studies have found that colours with high 

chroma or strong contrast can cause severe visual stress, which in turn induces negative 

emotions, because high chroma increases the cerebral oxygenation of the visual cortex of the 

brain. 85,92-93 Mahnke (1996) believes that the colour design in a man-made environment must 

refer to the colour matching of a natural scene. When artificially applied chroma exceeds the 

appropriate level in a natural scene, it will cause discomfort. 86 Similarly, in the colour scenes 

of this study, the wood colour used most frequently in the furniture of 200 small apartments 

was selected. The wood colour as the mainstream furniture colour is largely due to the use of 

colours in the natural scene, and may also be due to the production process caused by the low 

cost. Some studies believe that the wood colour in environmental decoration is a kind of mild 

and affinity colour, 87 which does not interfere with the main atmosphere of the environment86 

and has the ability to heal the mind. 88 Therefore, when designing the colour matching of the 

internal environment of small apartments, more attention should be paid to the colour 

preference of young people, and the relationship between colour and human HRV arousal could 

provide a reference for the basic hue of this kind of multifunctional environment. 

 

4.4 Limitations and future directions 

There are several limitations to our study. Firstly, this study performed colour rendering of 

typical small apartment scenes, and obtained 21 colour scenes to study colour preference and 

HRV arousal. This method allows participants to fully immerse themselves, to experience the 

effects of colours in a specific environment, and is a method used in many previous 

studies40,72,74. But there are also some studies that use colour patches for the participants to test 

the impact of colour53,91. Obviously these two methods are completely different. Future studies 

could compare the similarities and differences between the participants' preferences and HRV 

arousal for colour environments and colour patches. Secondly, according to the relevant 

literature, in addition to gender, age, ethnicity and cultural factors also affect personal colour 

preferences. Some studies have shown that in some European countries, people prefer cool 

colours such as blue as the colour of apartments.73 Thirdly, this study used the most frequently 

used wood-coloured furniture in small apartments and 21 environmental colours to generate a 

typical small apartment to ensure the validity of the experiment. This method is consistent with 

other studies.40,72,74 However, some studies have found that the contrast between the colour of 

the decorations and the atmosphere colour in the environment can also cause different visual 

perceptions.89 In the future, the influence of different decoration or furniture colours on the 

environment colour should also be studied. Therefore, this study provides new empirical 

evidence for young Chinese people’s environmental colour preference in small apartments. 
During the Covid-19 pandemic, it may provide insights into people’s colour preference during 
the long period of home isolation and lay the foundations for future theoretical and practical 

research. This study is the first part of a series of small apartment colour research studies. 

 

Acknowledgements  

This work is supported by a research project of the National Social Science Fund of China (No. 



 

13 

 

20BG115), and the scholarship from the China Scholarship Council and the University of Leeds 

(No. 201908430166). 

 

Data Availability Statement 

The data that support the findings of this study are available from the corresponding author 

upon reasonable request. 

 

Reference  

1. Kotler, P., 1973. Atmospherics as a marketing tool. Journal of retailing, 49(4), pp.48-64. 

2. Chebat, J.C. and Morrin, M., 2007. Colors and cultures: exploring the effects of mall décor on consumer 

perceptions. Journal of business Research, 60(3), pp.189-196. 

3. Dijkstra, K., Pieterse, M.E. and Pruyn, A.T.H., 2008. Individual differences in reactions towards color in 

simulated healthcare environments: The role of stimulus screening ability. Journal of Environmental 

Psychology, 28(3), pp.268-277. 

4. Küller, R., Mikellides, B. and Janssens, J., 2009. Color, arousal, and performance—A comparison of three 

experiments. Color Research & Application: Endorsed by Inter‐Society Color Council, The Colour Group 
(Great Britain), Canadian Society for Color, Color Science Association of Japan, Dutch Society for the Study 

of Color, The Swedish Colour Centre Foundation, Colour Society of Australia, Centre Français de la 

Couleur, 34(2), pp.141-152. 

5. Kwallek, N., Woodson, H., Lewis, C.M. and Sales, C., 1997. Impact of three interior color schemes on worker 

mood and performance relative to individual environmental sensitivity. Color Research & Application: 

Endorsed by Inter‐Society Color Council, The Colour Group (Great Britain), Canadian Society for Color, 

Color Science Association of Japan, Dutch Society for the Study of Color, The Swedish Colour Centre 

Foundation, Colour Society of Australia, Centre Français de la Couleur, 22(2), pp.121-132. 

6. Yildirim, K., Akalin-Baskaya, A. and Hidayetoglu, M.L., 2007. Effects of indoor color on mood and 

cognitive performance. Building and Environment, 42(9), pp.3233-3240. 

7. Brengman, M., 2002. The impact of colour in the store environment: An environmental psychology approach 

(Doctoral dissertation, Ghent University). 

8. Babin, B.J., Hardesty, D.M. and Suter, T.A., 2003. Color and shopping intentions: The intervening effect of 

price fairness and perceived affect. Journal of business research, 56(7), pp.541-551. 

9. Ryu, K. and Jang, S.S., 2007. The effect of environmental perceptions on behavioral intentions through 

emotions: The case of upscale restaurants. Journal of Hospitality & Tourism Research, 31(1), pp.56-72. 

10. Jang, S.S. and Namkung, Y., 2009. Perceived quality, emotions, and behavioral intentions: Application of an 

extended Mehrabian–Russell model to restaurants. Journal of Business Research, 62(4), pp.451-460. 

11. Van Rompay, T.J., Tanja-Dijkstra, K., Verhoeven, J.W. and van Es, A.F., 2012. On store design and 

consumer motivation: Spatial control and arousal in the retail context. Environment and Behavior, 44(6), 

pp.800-820. 

12. Cho, J.Y. and Lee, E.J., 2017. Impact of interior colors in retail store atmosphere on consumers’ perceived 
store luxury, emotions, and preference. Clothing and Textiles Research Journal, 35(1), pp.33-48. 

13. Bellizzi, J.A. and Hite, R.E., 1992. Environmental color, consumer feelings, and purchase 

likelihood. Psychology & marketing, 9(5), pp.347-363. 

14. Ward, J.C. and Barnes, J.W., 2001. Control and affect: the influence of feeling in control of the retail 

environment on affect, involvement, attitude, and behavior. Journal of Business Research, 54(2), pp.139-139. 

15. Chebat, J.C. and Morrin, M., 2007. Colors and cultures: exploring the effects of mall décor on consumer 

perceptions. Journal of business Research, 60(3), pp.189-196. 

16. Hidayetoglu, M.L., Yildirim, K. and Akalin, A., 2012. The effects of color and light on indoor wayfinding 

and the evaluation of the perceived environment. Journal of environmental psychology, 32(1), pp.50-58. 

17. Wenzel, K., Langer, I., Kassai, V. and Bencze, K., 2012. Color preferences of people with normal and 



 

14 

 

anomalous color vision. Óbuda University eǦBulletin, 3(1), pp.45-54. 

18. Öztürk, E., Yılmazer, S. and Ural, S.E., 2012. The effects of achromatic and chromatic color schemes on 
participants' task performance in and appraisals of an office environment. Color Research & 

Application, 37(5), pp.359-366. 

19. Bross, C. and Jackson, K., 1981. Effects of room color on mirror-tracing by junior high school 

girls. Perceptual and Motor skills, 52(3), pp.767-770 

20. Kotler, P., 1973. Atmospherics as a marketing tool. Journal of retailing, 49(4), pp.48-64. 

21. Countryman, C.C. and Jang, S., 2006. The effects of atmospheric elements on customer impression: the case 

of hotel lobbies. International Journal of Contemporary Hospitality Management. 

22. Jani, D. and Han, H., 2014. Personality, satisfaction, image, ambience, and loyalty: Testing their relationships 

in the hotel industry. International Journal of Hospitality Management, 37, pp.11-20. 

23. Ryu, K. and Jang, S.S., 2007. The effect of environmental perceptions on behavioral intentions through 

emotions: The case of upscale restaurants. Journal of Hospitality & Tourism Research, 31(1), pp.56-72. 

24. Söker, M.B., 2009. The role of color on the assessment of retail space: Restaurant atmospherics (Doctoral 

dissertation, Bilkent University). 

25. Jacquier, C. and Giboreau, A., 2012. Perception and emotions of colored atmospheres at the restaurant. 

In Predicting Perceptions: Proceedings of the 3rd International Conference on Appearance (pp. 165-167). 

Lulu Press. 

26. Caldeira, T.P., 2012. Fortified enclaves: The new urban segregation. In The urban sociology reader (pp. 419-

427). Routledge. 

27. Swapan, M.S.H., Khan, S., Mackenzie, M. and Iftekhar, M.S., 2020. Small Lot Housing as a Means to Realise 

Compact Cities: The Case of Perth, Western Australia. Urban Policy and Research, 38(1), pp.37-50. 

28. Taima, M. and Asami, Y., 2020. Determinants and policies of native metropolitan young workers' migration 

toward non-metropolitan areas in Japan. Cities, 102, p.102733. 

29. Tai, P.F., 2006. Social Polarisation: Comparing Singapore, Hong Kong and Taipei. Urban Studies, 43(10), 

pp.1737-1756. 

30. Zou, L., 2020. History and Outlook of China’s Housing Market. In Housing Reform and China’s Real Estate 
Industry (pp. 37-52). Springer, Singapore. 

31. Li, Y.P. 2020. Design and Research on Living Space of Urban Youth Small Apartment Houses (Doctoral 

dissertation, Jinan University) (China). 

32. Turley, L.W. and Milliman, R.E., 2000. Atmospheric effects on shopping behavior: a review of the 

experimental evidence. Journal of business research, 49(2), pp.193-211. 

33. Oh, H. and Petrie, J., 2012. How do storefront window displays influence entering decisions of clothing 

stores?. Journal of Retailing and Consumer Services, 19(1), pp.27-35. 

34. Humphrey, N., 1976. The colour currency of nature. Colour for architecture, 5, pp.95-98. 

35. Hurlbert, A.C. and Ling, Y., 2007. Biological components of sex differences in color preference. Current 

biology, 17(16), pp.R623-R625. 

36. Bakke, J.V., Moen, B.E., Wieslander, G. and Norbäck, D., 2007. Gender and the physical and psychosocial 

work environments are related to indoor air symptoms. Journal of occupational and environmental 

medicine, 49(6), pp.641-650. 

37. Ou, L.C., Luo, M.R., Woodcock, A. and Wright, A., 2004. A study of colour emotion and colour preference. 

Part III: Colour preference modeling. Color Research & Application, 29(5), pp.381-389. 

38. Ou, L.C., Luo, M.R., Woodcock, A. and Wright, A., 2004. A study of colour emotion and colour preference. 

part II: colour emotions for two‐colour combinations. Color Research & Application: Endorsed by Inter‐
Society Color Council, The Colour Group (Great Britain), Canadian Society for Color, Color Science 

Association of Japan, Dutch Society for the Study of Color, The Swedish Colour Centre Foundation, Colour 

Society of Australia, Centre Français de la Couleur, 29(4), pp.292-298. 

39. Valdez, P. and Mehrabian, A., 1994. Effects of color on emotions. Journal of experimental psychology: 

General, 123(4), p.394. 

40. Torres, A., Serra, J., Llopis, J. and Delcampo, A., 2020. Color preference cool versus warm in nursing homes 

depends on the expected activity for interior spaces. Frontiers of Architectural Research, 9(4), pp.739-750. 



 

15 

 

41. AL‐Ayash, A., Kane, R.T., Smith, D. and Green‐Armytage, P., 2016. The influence of color on student 
emotion, heart rate, and performance in learning environments. Color Research & Application, 41(2), 

pp.196-205. 

42. Jonauskaite, D., Dael, N., Chèvre, L., Althaus, B., Tremea, A., Charalambides, L. and Mohr, C., 2019. Pink 

for girls, red for boys, and blue for both genders: Colour preferences in children and adults. Sex Roles, 80(9-

10), pp.630-642. 

43. Cunningham, S.J. and Macrae, C.N., 2011. The colour of gender stereotyping. British Journal of Psychology, 

102(3), pp.598-614. 

44. Gunter, B. and Furnham, A., 1998. Children as consumers: A psychological analysis of the young people's 

market. Psychology Press. 

45. Zosuls, K.M., Ruble, D.N., Tamis-LeMonda, C.S., Shrout, P.E., Bornstein, M.H. and Greulich, F.K., 2009. 

The acquisition of gender labels in infancy: implications for gender-typed play. Developmental psychology, 

45(3), p.688. 

46. Bonnardel, V., Beniwal, S., Dubey, N., Pande, M. and Bimler, D., 2018. Gender difference in color preference 

across cultures: an archetypal pattern modulated by a female cultural stereotype. Color Research & 

Application, 43(2), pp.209-223. 

47. Elliot, A.J., Niesta Kayser, D., Greitemeyer, T., Lichtenfeld, S., Gramzow, R.H., Maier, M.A. and Liu, H., 

2010. Red, rank, and romance in women viewing men. Journal of Experimental Psychology: General, 139(3), 

p.399. 

48. Götz, K.O. and Götz, K., 1974. Color preferences of art students: surface colors. I. Perceptual and Motor 

Skills, 38(3), pp.1103-1109. 

49. Coad, J. and Coad, N., 2008. Children and young people's preference of thematic design and colour for their 

hospital environment. Journal of Child Health Care, 12(1), pp.33-48. 

50. Boyatzis, C.J. and Varghese, R., 1994. Children's emotional associations with colors. The Journal of genetic 

psychology, 155(1), pp.77-85. 

51. Byrne, A. and Hilbert, D.R., 1997. Colors and reflectances. 

52. Shieh, M.D. and Yeh, Y.E., 2015. A comparative study on perceptual evaluations of sports shoe exterior 

colors in Taiwan. Color Research & Application, 40(2), pp.178-193. 

53. Jiang, L., Cheung, V., Westland, S., Rhodes, P.A., Shen, L. and Xu, L., 2020. The impact of color preference 

on adolescent children's choice of furniture. Color Research & Application. 

54. Yu, L., Westland, S., Li, Z., Pan, Q., Shin, M.J. and Won, S., 2018. The role of individual colour preferences 

in consumer purchase decisions. Color Research & Application, 43(2), pp.258-267. 

55. Huang, Z., Liu, Q., Westland, S., Pointer, M.R., Luo, M.R. and Xiao, K., 2018. Light dominates colour 

preference when correlated colour temperature differs. Lighting Research & Technology, 50(7), pp.995-1012. 

56. Wardono, P., Hibino, H. and Koyama, S., 2012. Effects of interior colors, lighting and decors on perceived 

sociability, emotion and behavior related to social dining. Procedia-Social and Behavioral Sciences, 38, 

pp.362-372. 

57. Engelke, U., Stokkermans, M.G. and Murdoch, M.J., 2013, March. Visualizing lighting with images: 

converging between the predictive value of renderings and photographs. In Human Vision and Electronic 

Imaging XVIII (Vol. 8651, p. 86510L). International Society for Optics and Photonics. 

58. Hering, E., 1964. Outlines of a Theory of the Light Sense. 

59. Lewis, J.R., 1993. Pairs of Latin squares that produce digram-balanced Greco-Latin designs: A BASIC 

program. Behavior Research Methods, Instruments, & Computers, 25(3), pp.414-415. 

60. Eysenck, H.J., 1941. A critical and experimental study of colour preferences. The American Journal of 

Psychology, 54(3), pp.385-394. 

61. Hurlbert, A.C. and Ling, Y., 2007. Biological components of sex differences in color preference. Current 

biology, 17(16), pp.R623-R625. 

62. Palmer, S.E. and Schloss, K.B., 2010. An ecological valence theory of human color preference. Proceedings 

of the National Academy of Sciences, 107(19), pp.8877-8882. 

63. Dittmar, M., 2001. Changing colour preferences with ageing: A comparative study on younger and older 

native Germans aged 19–90 years. Gerontology, 47(4), pp.219-226. 



 

16 

 

64. Zhang, Y., Liu, P., Han, B., Xiang, Y. and Li, L., 2019. Hue, chroma, and lightness preference in Chinese 

adults: Age and gender differences. Color Research & Application, 44(6), pp.967-980. 

65. Goldstein, K., 1942. Some experimental observations concerning the influence of colors on the function of 

the organism. Occupational Therapy. 

66. Jacobs, K.W. and Hustmyer Jr, F.E., 1974. Effects of four psychological primary colors on GSR, heart rate 

and respiration rate. Perceptual and motor skills, 38(3), pp.763-766. 

67. Wilson, G.D., 1966. Arousal properties of red versus green. Perceptual and motor skills. 

68. He, W., Zhang, Y., Zhu, J., Xu, Y., Yu, W., Chen, W., Liu, Y. and Wang, W., 2011. Could sex difference in 

color preference and its personality correlates fit into social theories? Let Chinese university students tell 

you. Personality and Individual Differences, 51(2), pp.154-159. 

69. LoBue, V. and DeLoache, J.S., 2011. Pretty in pink: The early development of gender‐stereotyped colour 
preferences. British Journal of Developmental Psychology, 29(3), pp.656-667. 

70. Lee, W.Y., Luo, M.R. and Ou, L.C., 2009. Assessing the affective feelings of two‐and three‐dimensional 
objects. Color Research & Application: Endorsed by Inter‐Society Color Council, The Colour Group (Great 

Britain), Canadian Society for Color, Color Science Association of Japan, Dutch Society for the Study of 

Color, The Swedish Colour Centre Foundation, Colour Society of Australia, Centre Français de la 

Couleur, 34(1), pp.75-83. 

71. Al-Rasheed, A.S., 2015. An experimental study of gender and cultural differences in hue 

preference. Frontiers in psychology, 6, p.30. 

72. Tantanatewin, W. and Inkarojrit, V., 2018. The influence of emotional response to interior color on restaurant 

entry decision. International Journal of Hospitality Management, 69, pp.124-131. 

73. Manav, B., 2007. Color‐emotion associations and color preferences: A case study for residences. Color 

Research & Application: Endorsed by Inter‐Society Color Council, The Colour Group (Great Britain), 

Canadian Society for Color, Color Science Association of Japan, Dutch Society for the Study of Color, The 

Swedish Colour Centre Foundation, Colour Society of Australia, Centre Français de la Couleur, 32(2), 

pp.144-150. 

74. Yi, F. and Kang, J., 2020. Impact of environment color on individual responses in public spaces of shopping 

malls. Color Research & Application, 45(3), pp.512-526. 

75. Cha, S.H., Zhang, S. and Kim, T.W., 2020. Effects of Interior Color Schemes on Emotion, Task Performance, 

and Heart Rate in Immersive Virtual Environments. Journal of Interior Design, 45(4), pp.51-65. 

76. Zohdi, H., Egli, R., Guthruf, D., Scholkmann, F. and Wolf, U., 2021. Color-dependent changes in humans 

during a verbal fluency task under colored light exposure assessed by SPA-fNIRS. Scientific reports, 11(1), 

pp.1-13. 

77. Kaiser, P.K., 1984. Physiological response to color: A critical review. Color research & application, 9(1), 

pp.29-36. 

78. Greven, C.U., Lionetti, F., Booth, C., Aron, E.N., Fox, E., Schendan, H.E., Pluess, M., Bruining, H., Acevedo, 

B., Bijttebier, P. and Homberg, J., 2019. Sensory processing sensitivity in the context of environmental 

sensitivity: A critical review and development of research agenda. Neuroscience & Biobehavioral Reviews, 

98, pp.287-305. 

79. Sokolova, M.V. and Fernández-Caballero, A., 2015. A review on the role of color and light in affective 

computing. Applied Sciences, 5(3), pp.275-293. 

80. Slatter, P.E. and Whitfield, T.W., 1977. Room function and appropriateness judgments of color. Perceptual 

and Motor Skills, 45(3_suppl), pp.1068-1070. 

81. Ruble, D.N., Taylor, L.J., Cyphers, L., Greulich, F.K., Lurye, L.E. and Shrout, P.E., 2007. The role of gender 

constancy in early gender development. Child development, 78(4), pp.1121-1136. 

82. Yu, K., Jiang, A., Wang, J., Zeng, X., Yao, X. and Chen, Y., 2021, July. Construction of Crew Visual 

Behaviour Mechanism in Ship Centralized Control Cabin. In International Conference on Applied Human 

Factors and Ergonomics (pp. 503-510). Springer, Cham. 

83. Yu, K., Jiang, A., Zeng, X., Wang, J., Yao, X. and Chen, Y., 2021, July. Colour Design Method of Ship 

Centralized Control Cabin. In International Conference on Applied Human Factors and Ergonomics (pp. 495-

502). Springer, Cham. 



 

17 

 

84. Jiang, A., Yao, X., Schlacht, I.L., Musso, G., Tang, T. and Westland, S., 2020, July. Habitability Study on 

Space Station Colour Design. In International Conference on Applied Human Factors and Ergonomics (pp. 

507-514). Springer, Cham. 

85. Zohdi, H., Egli, R., Guthruf, D., Scholkmann, F. and Wolf, U., 2021. Color-dependent changes in humans 

during a verbal fluency task under colored light exposure assessed by SPA-fNIRS. Scientific reports, 11(1), 

pp.1-13. 

86. Mahnke, F.H., 1996. Color, environment, and human response: an interdisciplinary understanding of color 

and its use as a beneficial element in the design of the architectural environment. John Wiley & Sons. 

87. Wood, B., 1998. The healing power of color: Using color to improve your mental, physical, and spiritual 

well-being. Inner Traditions/Bear & Co. 

88. Huelat, B.J., 2008. The wisdom of biophilia—nature in healing environments. Journal of Green Building, 

3(3), pp.23-35. 

89. Yildirim, K., Capanoglu, A., Cagatay, K. and Hidayetoglu, M.L., 2012. Effect of wall colour on the 

perception of hairdressing salons. JAIC-Journal of the International Colour Association, 7. 

90. Shaffer, F. and Ginsberg, J.P., 2017. An overview of heart rate variability metrics and norms. Frontiers in 

public health, 5, p.258. 

91. Jiang, A., Foing, B.H., Schlacht, I.L., Yao, X., Cheung, V. and Rhodes, P.A., 2022. Colour schemes to reduce 

stress response in the hygiene area of a space station: A Delphi study. Applied Ergonomics, 98, p.103573. 

92. Lu, S., Jiang, A., Schlacht, I., Foing, B., Westland, S., Hemingray, C., Yao, X. and Guo, Y., 2021, July. 

Effects and Challenges of Operational Lighting Illuminance in Spacecraft on Human Visual Acuity. In 

International Conference on Applied Human Factors and Ergonomics (pp. 582-588). Springer, Cham. 

93. Lu, S., Jiang, A., Schlacht, I., Ono, A., Foing, B., Yao, X., Westland, S. and Guo, Y., 2021, July. The Effect 

on Subjective Alertness and Fatigue of Three Colour Temperatures in the Spacecraft Crew Cabin. In 

International Conference on Applied Human Factors and Ergonomics (pp. 632-639). Springer, Cham. 


