
Investigating Residents’ Preference of Solar Access 
using Exploratory Factor Analysis 

 

Ka-Lun Lau1, Edward Ng1 and Zhengjun He1 
1School of Architecture, The Chinese University of Hong Kong, Hong Kong 

 

ABSTRACT: Solar access plays an important role in everyday lives of residents such as thermal comfort, 
lighting and various household activities. Guidelines and standards for the provision of sunlight have been 
formulated in the past few decades in low-density living environment. In sub-tropical high-density living 
environment like Hong Kong, there is generally a lack of associated guidelines and standards and it has 
become a growing concern for better provision of sunlight to residential units. Residents’ preference of 
solar access is very important to the formulation of standards for solar access and daylighting, as well as 
urban planning and building design. The present paper presents the results of a questionnaire survey 
regarding residents’ preference of solar access in terms of time, amount, place, and purpose of the 
exploitation of sunlight in the winter months in Hong Kong, as well as an exploratory factor analysis (EFA) 
which examines the influence of environmental parameters on residents’ preference. Results indicate that 
over 50% of the respondents surveyed were satisfied with the current situation of solar access in their 
households. Nevertheless, about 20% of the respondents still felt unsatisfactory about solar access of their 
flats. Sunlight penetration into their households in the morning was preferred by over 50% of the 
respondents. Respondents were in favour of solar access in the morning and expected about 2-3 hours of 
solar access in general. The EFA results indicate that observed microclimatic parameters such as relative 
humidity and solar radiation are the dominant factors influencing residents’ preference of solar access and 
closely followed by visual elements of residents’ subjective feelings about their flats. The consideration of 
microclimatic parameters is therefore important to the formulation of design standard and guidelines. 
Policy-makers, as well as planners and architects, should therefore take the findings into account when 
establishing appropriate guidelines and standards in order to provide residential units with better sunlight 
environment.  
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INTRODUCTION 

Solar access, which refers to the ability of a unit to continue to receive sunlight without obstruction from any other 
properties or structures, plays an important role in everyday lives of residents such as thermal comfort, lighting and 
various household activities. Sunlight was proved to have a positive effect in maintaining health and preventing diseases 
related to the lack of vitamin D (Kricker and Armstrong, 2006; Holick, 2008; Durvasula et al., 2010; Horani et al., 2011). It 
was also required for the provision of visual information as it influences visual perception and associated biological needs 
in many activities (Lam, 1986). For example, visual logic and clear continuity is required for the identification of structural 
failure and potential threats cannot be clearly visible if they are not properly illuminated. Relaxation of human’s body and 
mind also requires proper provision of sunlight. Outdoor activities associated with natural elements always welcome 
sunlight to provide visual foci such as positive expression of structural form, decorative or orientation-related patterns of 
light sources. Sunlight also contributes to energy efficiency of buildings since it provides natural warmth and illumination 
to residential units. A number of studies suggested that the provision of sunlight, combining with sustainable building 
design, have the potential in reducing energy consumption by heating and cooling, illumination, and operation of buildings 
(Ne’eman and Shrifteilig, 1982; Fontoynont et al., 1984; Menzies and Wherrett, 2005). 

The demand for sunlight varies from different climatic regions of the world (Littlefair, 1996). In hotter regions, occupants of 
buildings tend to exclude and control sunlight in order to prevent over-heating while sunlight is regarded as a pleasure in 
cooler countries rather than a nuisance (Ne’eman, 1974; Collins, 1976). As a result, reflected sunlight is usually employed 
as the main source of interior daylighting in hot dry climates with direct sunlight excluded to prevent overheating and 
visual discomfort (Tregenza and Loe, 1998). Ne’eman et al. (1976a) conducted a social survey on the sunlight 
requirements in different types of buildings. They concluded that the requirements of sunlight as assessed by the 
respondents vary across these types of buildings and are associated with the activities held inside these buildings. The 
findings were validated by experiments held in a controlled room (Ne’eman, 1977) and subsequently contributed to 
recommendations on the admission and control of sunlight in buildings and (Ne’eman et al., 1976b). A pilot study was 
conducted on the relationship between the subjective assessment of the sunlight received in dwelling and objectively 



calculated the quantities of sunlight being received (Day and Creed, 1996). It concluded that residents were more aware 
to differences between insolation of dwellings when the survey was conducted in winter than they were in summer. Such 
findings reinforced the British Standard (BS8206 Lighting for Buildings Part 2. Code of Practice for Daylighting) that “the 
best way of define design recommendations is by careful analysis of the subjective responses on one hand and the 
effects of availability, orientation, latitude and local conditions on the other” (Day and Creed, 1996, p.51). Littlefair (1992) 
also detailed the standard and guidance suggested by the BS8206, which aim to ensure that sunlight is adequately 
provided to buildings and open spaces and solar heat is available at appropriate times of year. However, this standard is 
designed for low-density living environment and the applicability in places with extremely high-density like Hong Kong is 
questionable. Therefore, there is a great potential for the development of standards and guidelines on the provision of 
sunlight in high-density living environment. 

The seasonal variation in the availability of sunlight remains a key issue associated with the provision of sunlight in high-
density living environment. The summer heat results in a wide variety of issues such as increasing energy consumption 
by air-conditioning, thermal discomfort, and deterioration to building structure and furniture. Conversely, residents would 
exploit the benefits of summer sun by laundry purposes. In compare to summer sun, winter sun is more welcomed as it 
provides thermal comfort and subsequently reduced heating loads in winter. Therefore, it is necessary to consider 
residents’ preference of solar access when formulating standards and guidelines of solar access as well as energy-
efficient building design. However, there is a lack of understanding of desirable solar access in high-density living 
environment like Hong Kong. Despite of the implementation of objective measurements and modelling of sunlight 
penetration into dwellings, the study on subjective responses of residents’ perception of solar access is generally 
insufficient. It could subsequently result in a lack of basis for the consideration of solar access in urban planning and 
building design. 

This paper presents residents’ preference of solar access in their households using the results of a questionnaire survey 
conducted in January 2010. It is an extension of previous work (Lau et al., 2011) which aims to address the desirable 
amount of solar access to residents living in high-density living environment, using public rental housing estates in Hong 
Kong as a case study. Exploratory factor analysis (EFA) was carried out to examine how environmental parameters 
influence residents’ preference of solar access. The results will contribute to the basis for potential guidelines and 
standards for the provision of sunlight in residential units in order to provide appropriate solar access to residents.  

 

1. METHODOLOGY 

1.1. Questionnaire survey 
A questionnaire survey was conducted in January 2010 in three different public rental housing estates in Hong Kong in 
order to obtain residents’ preference of solar access. The estates are located in three different urban areas characterized 
by the high-density living environment and were inaugurated in the last decade with the contemporary architectural styles 
adopted in public housing development which has incorporated the concept of sustainability into its planning and design. 
These recently inaugurated estates were chosen because the future planning and design of public housing development 
will be based on current practice. Households were randomly selected to cover a wide range of flats with different 
aspects, levels and sizes.  

Personal questionnaire surveys were conducted due to the following reasons: 

• Residents could respond to the survey questions when they actually perceive the current situation of solar access 
in their households. It could therefore provide more accurate responses with instant perception. 

• Confusions to the survey questions could be avoided since they are immediately explained by the interviewers 
during the survey period. 

• More information apart from the survey questions could be obtained as interviewers may ask for further elaboration 
on their responses where it is appropriate.  

The questionnaire focused on residents who live in public rental housing estates and aimed to understand residents’ 
preference of solar access that may not be adequately considered in current practice. It consists of questions that 
address the time, duration, places, and purposes that they exploit sunlight for household uses. In order to ensure the 
clarity and relevance of the questionnaire, a pilot study with a preliminary version of the questionnaire was conducted in 
another public rental housing estate. The questionnaire was revised according to the feedback and a final version was 
obtained. Data collected in the development stage was discarded before the commencement of the main data collection 
stage. Previous work has shown that the questionnaire survey is successful in obtaining residents’ preference of solar 
access in terms of time, duration, and places where sunlight is received (Lau et al., 2011).  

Questions regarding the current and preferred solar access were asked in the first part in terms of time and amount of 
sun exposure in households. The overall importance of solar access was also asked and the importance of sunlight 
penetration into different parts of the households. The respondents were further asked about if they agreed with different 
advantages and disadvantages to their households. The questionnaire also included questions about the background of 



the respondents such as the age, sex and level of education, as well as information about their households such as the 
number of occupants and length of occupation. 

1.2. Exploratory factor analysis 
Exploratory factor analysis (EFA) was chosen in the present study as it addresses the research questions, testing the 
environmental parameters that influence residents’ preference of solar access specific to a particular sample (Guada et 
al., 2010). It provides a preliminary analysis of how, and to what extent, residents’ preference was influenced by 
environmental conditions. Five-point scale questions were set to ask the subjective feelings of respondents about the 
environmental conditions of their flats and the responses range from strongly agree to strongly disagree. Five other 
objective parameters were obtained according to the level and orientation of respondents’ flats, as well as observed 
relative humidity, mean temperature and solar radiation on the survey day. Information about how these parameters 
influence residents’ preference of solar access is particularly important to the incorporation of environmental 
considerations during the design stage of development. Statistical results from an EFA may assist with determining 
underlying factor structures of environmental parameters which influence residents’ preference of solar access. In order 
to achieve this, 10 environmental parameters, by both subjective and objective means, were submitted to a principal 
components factor analysis with varimax rotation. The scree test and the eigenvalues-greater-than-one rule were used to 
determine number of factors (DeVellis, 2003). The analysis was carried out with SPSS Statistics 17.0 for the present 
study. 

 

2. SURVEY FINDINGS 

Data collection was conducted between 12th January 2010 and 29th January 2010. A total of 129 responses were 
obtained in the questionnaire survey. The data were processed and divided into several categories of residents’ 
preference of solar access in terms of time, place, amount, and purpose of the exploitation of sunlight.  

2.1. Background of participants 
The background of respondents and information about their households are shown in Table 1. 58.9% of the respondents 
were female and 38.8% were male with 2.3% not recorded. The respondents were divided into three age groups. 6.2% of 
the respondents were under 25 years of age while 34.9% were over 50. 49.6% of the respondents ranged between 25 
and 50 years of age with 9.3% not recorded. For the level of education, 9.3% had no formal education while 24.0% and 
50.4% completed primary and secondary education respectively. 14.7% completed tertiary education or above and 0.8% 
had other types of education with 0.8% not recorded.  

Table 1: Background of respondents 

No. of interviews 129      

Sex 
Male 
Female 
No information 

 
50 
76 

3 

 
(38.8%) 
(58.9%) 

(2.3%) 

 

Age 
Under 25 
25-50 
Over 50 
No information 

 
8 
64 
45 
12 

 
(6.2%) 
(49.6%) 
(34.9%) 
(9.3%) 

 

Level of education 
No formal education 
Primary 
Secondary 
Tertiary or above 
Others 
No information 

 
12 
31 
65 
19 

1 
1 

 
(9.3%) 

(24.0%) 
(50.4%) 
(14.7%) 

(0.8%) 
(0.8%) 

 

Table 2: Information about occupancy 

 Length of occupancy Number of occupants Hours stayed in the flat 

Count 
Mean 
Median 
Mode 
Maximum 
Minimum 
Std Deviation 

127 
6.7 

7 
10 
10 

0.5 
2.7 

128 
3.7 

4 
4 
7 
1 

1.2 

123 
7.9 

8 
12 
12 

1 
3.6 



Information about occupancy is shown in Table 2. The average length of occupancy is 6.7 years with a standard deviation 
of 2.7 years. On average, there are 3.7 occupants (with a standard deviation of 1.2) in each surveyed household with a 
maximum of 7 occupants.  

2.2. Residents’ perception of solar access 
The time of solar access of residents’ flats was first asked according to their impressions (Figure 1, left). 21.7% and 
22.5% of the respondents claimed that there was no sunlight penetrating to their living rooms and bedrooms respectively 
while, for kitchen, there was a slightly higher proportion (25.6%) observed. Nonetheless, the overall patterns of living 
room, bedroom and kitchen were similar. About 30% and 25% of the visited flats received sunlight in the morning and 
afternoon respectively while approximately only about 12% had sunlight penetrated into the flats at noon. In addition, 
about 8% of the visited flats received sunlight for the whole day. 

The respondents were then asked to assess the adequacy of solar access (Figure 1, right). 57.4% of them reckoned that 
they had enough sunlight when it shone while only 3.9% considered that there was too much sunlight in their living 
rooms. However, there were still 36.4% of the respondents feeling that they had too little sunlight penetration. Similar 
figures were obtained for the bedroom and kitchen.  

 

Figure 1: Observed period of solar access (left); Sufficiency of solar access (right) 

	  

Figure 2.  Importance of solar access (left); Preferred solar access comparing to present situation (right) 

	  



Figure 3: Preferred period (left) and preferred amount (right) of solar access 

As shown by Figure 2 (left), the majority (over 80% on average) felt that sunlight is important to their flats, especially for 
living rooms (approximately 84%). In further question asking the respondents to rank the importance of three parts of their 
flats (i.e. living room, bedroom and kitchen) to receive sunlight, over 80% of the respondents felt that it is the most 
important to have sunlight penetration into living room while near 60% reckoned that sunlight penetration into kitchen is of 
the least importance. The respondents were then asked for their preferred solar access in compare to current situation 
(Figure 2, right). Approximately 40% of the respondents were satisfied with current availability of sunlight while another 
50% of them would like to have more sunlight penetrating to their living rooms and kitchens. 54.3% of respondents 
preferred sunlight penetrating to their flats in the morning while 14.7% preferred sunlight penetration in the afternoon 
(Figure 3, left). About 10% and 15% of them preferred to have sunlight penetration both at noon and for the whole day 
respectively.  

The expected amount of sunlight as assessed by respondents is relatively variable (Figure 3, right). For living rooms, 
10.9%, 29.7% and 22.7% of the respondents expected to have about 1-2, 2-3 and 3-4 hours of sunlight penetration to 
their flats respectively. A further 35.2% of the respondents would prefer more than 4 hours of solar access per day at 
home. The preference of longer solar access was likely due to the thermal need in winter.  

The responders were asked for the purposes or reasons why they like sunshine (Figure 4, left). Five of these positive 
qualities were recognized by over 60% of the respondents, including drying clothes, sanitization, better health, 
dehumidifying and better illumination. Psychological effects provided by sunlight were recognized by about 47.3% of them 
while 44.2% agreed that provision of sunlight can enhance indoor appearance. Surprisingly, thermal comfort was less 
recognized with only 45.7% positive responses while the contribution to plant growth had only 24.0%.  

Three negative qualities of sunlight, namely thermal discomfort, fading object and glare, were asked in the questionnaire 
(Figure 4, right). The responses were much less than positive qualities with only about 10% on average. Among these, 
thermal discomfort was recognized by the highest proportion of respondents as negative quality (11.6%). It is much lower 
than results obtained by the previous study and suggests that sunlight is less recognized as nuisance in winter. 

 

Figure 4: Advantages (left) and disadvantages (right) of sunlight to residents’ flats 

 

3. EFFECTS OF ENVIRONMENTAL PARAMETERS 

Exploratory factor analysis was adopted to examine the effects of environmental parameters, by both subjective and 
objective means, on residents’ preference for solar access. The inter-relationships among different parameters were 
examined and it also explains these parameters in terms of their common underlying dimensions (factors). Five subjective 
environmental parameters were asked in the questionnaire survey, including: 

• Hotness  (Is it hot in your flat?) 
• Ventilation  (Is your flat well-ventilated?) 
• Wetness  (Is it wet in your flat?) 
• Brightness  (Is it bright enough in your flat?) 
• View outside (Do you satisfy with the view outside your flat?) 

Another five objective environmental parameters were incorporated into the factor analysis, including: 

• Observed solar radiation on survey day  
• Observed temperature on survey day  
• Observed relative humidity (RH) on survey day 
• Orientation of the surveyed flat 



• Level which the surveyed flat locates 

Among the 10 initial parameters, subjective feeling on hotness, view outside respondents’ flats, and observed mean 
temperature on survey day were found to be less appropriate for sampling the dataset. Therefore, they were removed 
before conducting the factor analysis. The value of the measure of sampling adequacy (MSA), which is used to examine 
the pattern between variables, was improved from 0.359 to 0.575. Four factors were retained according to the scree plot 
and they represented 82.450% of the variance of the seven variables.  

In the resultant factor solution, all the seven variables comprised the four factors derived from component factor analysis 
with a VARIMAX rotation of seven subjective and objective environmental parameters affecting residents’ preference of 
solar access. The four retained factors explained 33.957%, 19.591%, 17.643% and 11.258% of the total variance 
respectively. In the first factor, the two observed climatic parameters have loadings over 0.95. Positive loading is 
observed in solar radiation of the survey day (0.957) while negative loading is observed in relative humidity of the survey 
day (-0.956). The second factor is comprised of the level where the respondent’s flat is located (0.821) and brightness of 
the surveyed flat as assessed by the respondents (0.676). The third factor only contains wetness of the surveyed flat with 
a high loading of 0.943. The fourth factor contains two variables, orientation and ventilation of the surveyed flat (0.785 
and 0.650 respectively).  

 

4. DISCUSSION 

With the total 129 responses obtained by the questionnaire survey, the present study is able to provide a reasonably 
representative picture of residents’ preference for solar access in high-density living environment in winter. It shows that 
personal questionnaire survey is an effective way to obtain responses from a huge amount of residents, especially in 
areas with an aging population which has limited knowledge to other means of communications, for example, letter or 
online surveys. It also confirms that residents have their own perceptions of solar access in their households, despite 
guidelines and regulations have been widely adopted in the design stage of development. 

4.1. Residents’ preference of solar access 
With the implementation of the Guidelines on Energy Efficiency of Lighting Installations in the late 1990s (Electrical and 
Mechanical Services Department, 1998) and the incorporation of the concept of sustainability into the planning, design 
and construction of PRH estates since 2000 (Transport and Housing Bureau, 2007), the majority of the respondents, as 
indicated by the present study, are satisfied with the current situation of solar access in their households. Sunlight 
penetration into residential flats is better provided in the increasing density of urban living environment. However, there 
are still near 40% of the respondents considering that they received too little sunlight in their flats. Most of these 
respondents live in north-facing flats which receive no sunlight in their flats in winter.  

According to the respondents’ perception, there are over 50% of the surveyed flats receiving sunlight penetration either in 
the morning or in the afternoon. It can be explained by the predominance of east- or west-facing façade adopted in the 
three surveyed estates. The over 20% of the respondents which received no sunlight in their flats reinforced the 
perception of lack of sunlight penetration. When the respondents were asked about the preferred time of solar access, 
about 60% preferred to receive sunlight in the morning since most of the respondents were housewives who exploit 
sunlight for household purposes such as drying clothes and sanitization. 

There is not any particular preference for the expected amount of solar access. About one-third of the respondents 
expected to have about 2 to 3 hours of solar access on a normal day. Such an amount of solar access is considered to be 
appropriate to respondents’ households although the average time that the respondents stayed in their flats is near 8 
hours per day. In addition, there are still near 35% would prefer to have more than 4 hours of solar access, which is 
predominantly required by respondents who stayed longer in their flats everyday. The average amount of solar access 
that residents prefer is considerably higher than that obtained in the previous study (Lau et al., 2011) and it reveals the 
need for more solar access in winter. The respondents were further asked if they would choose to have sufficient solar 
access or better view of their flats. 79.3% of the respondents were in favour of sufficient solar access while the rest 
(20.7%) preferred to have better view outside their flats. It is found to be consistent with the elimination of the subjective 
parameters “view outside” in the factor analysis.  

For the advantages of sunlight, five advantages were identified by over 60% of the respondents on average, namely 
drying clothes, sanitization, better health, dehumidifying and better illumination. Due to the high cost of fuel or electricity, 
drying machines are not common in most of the households in PRH estates which are largely composed of lower-income 
families. They are largely dependent on sunlight for the purpose of drying clothes. Apart from that, respondents also 
believed that sunlight would help to reduce the high humidity in their households since dehumidifying machines are not 
widely used for dehumidifying purpose in PRH estates. Sanitization and hygienic reasons are two other common 
purposes for the exploitation of sunlight as identified by the respondents since most of them believed that sunlight can kill 
germs and maintain the hygiene of their flats without frequent cleaning. Therefore, it was found that curtains are not 
installed in a considerable amount of households in the PRH estates. Only about half of the respondents agreed that 
sunlight can has a beneficial psychological effect to residents and enhance indoor appearance of their households. The 



least recognized advantage is the assistance to plant growth since planting or gardening is not common in the high-
density living environment of Hong Kong. 

 

4.2. Environmental parameters 
Four distinctive factors were produced by the exploratory factor analysis. It was found that microclimatic factors are the 
most influential parameters to residents’ preference for solar access with factor loadings over 0.95 in the first factor which 
accounts for 32.077% of the total variance. It indicates that residents’ preference is affected by the microclimatic 
environment of the flats. Positive loading is observed in solar radiation (0.957) while negative loading is observed in 
relative humidity. It indicates that the influence of solar radiation was inversely related by relative humidity. The provision 
of solar radiation is somewhat believed to reduce the relative humidity which is a traditionally unfavourable environmental 
parameters to residents in Hong Kong. Comparing to the previous study (Lau et al., 2011), relative humidity is not a 
significant parameter that influences residents’ preference of solar access in summer, probably due to the effect of humid 
weather in late winter. In addition, the removal of mean temperature from factor analysis is likely due to the overwhelming 
influence of low temperature during the survey period that is not sufficient to explain the variability of the dataset. 

The second factor, accounted for 18.590% of the total variance, is composed of visual elements, brightness of the 
surveyed flat and level where the flat locates. Brightness, which implied the level of illumination, has the highest loading in 
this particular factor (0.821) followed by level with a loading of 0.676. It indicates that the subjective feeling of brightness 
influences residents’ preference of solar access and residents’ who require more sunlight penetrating into their flats are 
largely from north-facing households. Residents may not prefer sunlight but the effects brought by sunlight penetration, 
such as brightness and reducing relative humidity, are definitely welcomed. Moreover, the two variables containing in the 
same factor suggest the close relationship between them. In compacted urban environment like Hong Kong, flats located 
on lower level of a building often have little sunlight entering the flats. Sufficient solar access in lower-level flats becomes 
an increasing need in future development. Better planning and design at site-level will ensure more even provision of 
sunlight in the residential flats. 

The third and fourth factors, with similar level of variance explained (16.299 and 15.484 respectively), represent the 
influence of wetness and orientation on residents’ preference of solar access. High levels of factor loading are observed 
(0.943 and 0.785 respectively). It somewhat indicates that how wet residents feel and orientation of the respondent’s flat 
may influence how they prefer sunlight to be received, especially for the preferred period of solar access for the latter 
parameter. 

 

CONCLUSION 

The preference of residents to solar access of residential flats was investigated by a questionnaire survey conducted in 
January 2010 which aims to address residents’ preference in terms of time, amount, place, and purpose of exploiting 
sunlight. The results show that over 50% of the respondents were satisfied with the current situation of solar access in 
their households with 24.0% neutral responses. About 20% of the respondents felt unsatisfactory about solar access of 
their flats. 

In this study, the preferred time and amount of solar access were investigated. Over 50% of the respondents preferred to 
have sunlight penetration into their households in the morning. There is likely a need to improve the provision of solar 
access in terms of the time of sunlight received by residents since only about 40% of the respondents had the same time 
of sunlight entering their flats as they expected. Moreover, it is found that there are not any particular preferences of the 
expected amount of solar access. Sufficient solar access was also found to be more important than view outside 
respondents’ flats. 

The influence of environmental parameters on residents’ preference of solar access was examined by exploratory factor 
analysis. Results indicate that observed microclimatic parameters are the dominant influencing factors and closely 
followed by visual elements of residents’ subjective feelings about their flats. It implies that the incorporation of 
microclimatic environments into current design standard and guidelines should be considered. Further studies can be 
conducted to address the seasonal difference in the influence of microclimatic conditions on residents’ preference of solar 
access. 

The present study can serve as a pilot study which aims to address the preference of residents to solar access in high-
density living environment. In order to provide better solar access to residential units, further studies are needed to 
examine the pattern of household activities in relation to the availability of sunlight to residential units. The effect of 
microclimatic conditions on residents’ preference should also be considered. For example, air temperature, relative 
humidity, and wind environment can have a significant effect on residents’ preference of solar access. Moreover, 
seasonal influence may have a significant effect in high-density sub-tropical cities since the microclimatic environments 
are considerably different across seasons. 
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