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Summary 
Growing cities worldwide are adopting high-rise building policies, but many cities have 

embraced the urban revolution of high-rise living without explicitly acknowledging the social 

context that this form of housing creates (Helleman & Wassenberg, 2004). A lack of 

consideration for the social outcomes that the residents of high-rise buildings have to deal with 

has resulted in feelings of crowding and social alienation among those residents (Amick & Kviz, 

1975). The social life in the urban environment has mainly been researched on a neighborhood 

level, and the focus of research on the social life of high-rise residents has been on a building 

level. The main objective of this research is to provide a better understanding of the effects that 

the built environment may have on the level of social cohesion and social interaction as 

perceived by high-rise residents. It analyzes the effects of both building and neighborhood 

characteristics, and differentiates between the social interaction and cohesion on a building 

level and on a neighborhood level, as perceived by high-rise residents. The main research 

question is as follows: 

How do individual, household, neighborhood, and building characteristics affect the 

perceived social interaction and social cohesion of high-rise residents at both building 

and neighborhood level? 

To find out what characteristics relate to social interaction and cohesion according to existing 

literature, a literature study on the concepts of social interaction and social cohesion in the built 

environment was conducted. An exploration of the concept of social cohesion led to the 

adoption of the 18-item measurement tool by Buckner (1988). The result of the literature study 

was a conceptual model containing a collection of individual, household, building and 

neighborhood characteristics that were reported to be significantly related to either social 

interaction, social cohesion or both in previous studies (see figure 1). 

 

Figure 1 Definitive conceptual model 
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To test the conceptual model, data was collected through means of a survey and observations. 

A digital survey was created using LimeSurvey. The variables in the conceptual model were 

operationalized to be measurable in the survey. Data on the variables for which this was not the 

case, like for objective neighborhood characteristics, were extracted from the Central Bureau of 

Statistics (2018), and from OpenStreetMap (2020), using QGIS. High-rise residents of 32 

buildings in the Dutch cities Eindhoven and Tilburg received an invitation letter in their 

mailbox, containing general information about the research and a link to the online survey. Due 

to the COVID-19 pandemic a door-to-door approach was not possible. Of the 3586 high-rise 

residents that were approached, 7.7% filled in the survey. After the deletion of incomplete and 

unusable surveys, the complete responses of 191 residents from 31 different high-rise buildings 

were used in the data sample. The separate datasets from the survey, the CBS and QGIS were 

merged using the 6-digits postal code as the key variable. The merged dataset was used in the 

analyses of this research to find an answer for the main research question. 

The individual characteristics in the dataset were membership of and weekly hours spent on 

local organizations, gender, age, ethnicity, health status, education level, employment status, 

length of residence at current address and in the neighborhood, and home ownership. The 

household characteristics were household composition, car availability and household income. 

The building characteristics were the perceived quantity, quality, usage and safety of the social 

spaces in the building, the perceived quality, usage and safety of transitional areas in the 

building and the number of apartments. The neighborhood characteristics were the presence of 

several facilities near the building: community centers, cafés, bars and pubs, restaurants, social 

facilities, schools and supermarkets. Other neighborhood characteristics were perceived traffic 

speed, danger of traffic, lighting of streets and safety when walking in the neighborhood, 

perceived quantity of gathering places, greenness of the neighborhood, area of green open space 

and urban density. The research analyzed relationships between these independent variables 

and the four dependent variables perceived building social interaction, perceived neighborhood 

social interaction, perceived building social cohesion and perceived neighborhood social 

cohesion. 

Three forms of statistical analysis were used to gain insights in the relationships between the 

variables, as a way to test the conceptual model. These forms were bivariate analysis, multiple 

regression analysis, and path analysis. First, bivariate analyses were conducted to find the 

significant correlations between the independent and dependent variables. Independent 

variables with no significant relationship with a dependent variable in the bivariate analyses 

were omitted from further analyses of that dependent variable. This way, from the results of the 

bivariate analyses, four groups of significant variables were formed, one for each dependent 

variable. With these groups, the multiple regression analyses were conducted using a stepwise 

approach. To clarify the impact of characteristics of the living environment on perceived social 

interaction and cohesion, three models were created for each dependent variable. For the first 

model, only the individual and household characteristics were considered. Building 

characteristics were added to the second model, and neighborhood characteristics to the third 

model. However, none of the neighborhood characteristics in the dataset were found to 

significantly affect any of the four dependent variables in the multiple regression analyses so no 

third model was created for any of the dependent variables. For perceived building social 

cohesion, the variable perceived building social interaction was added as a predictor variable, 

to form a fourth model. The same was done for perceived neighborhood social cohesion, where 

perceived neighborhood social interaction was added.  
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The results of the multiple regression analyses show that perceived building social interaction 

is positively affected by the age group 65 years or older, and by the perceived safety of the social 

spaces in the building. For perceived neighborhood social interaction, positive relationships 

were found with the age group 65 years or older, and with 4 or more weekly hours spent on local 

organizations. Perceived building social cohesion was found to be positively affected by the age 

groups 65 years or older, and 35 to 64 years old. Spending 4 or more weekly hours on local 

organizations also positively affected building cohesion. Regarding building characteristics, the 

perceived quality and usage of the transitional areas in the building, and the perceived safety of 

the social spaces in the building were found to positively impact building cohesion. With the 

addition of these building characteristics to the model, the relation with weekly hours spent on 

local organizations became insignificant. Perceived building social interaction also has a 

significant positive relationship with building cohesion. When building interaction was added 

to the model, the relationships with age group 35-64 years old and the perceived safety of social 

spaces became insignificant. Perceived neighborhood social cohesion is positively affected by 

the age group 65 years or older, the building characteristics usage and quality of transitional 

areas, and the perceived neighborhood social interaction. 

These results answer the main research question. A path analysis showed that all the found links 

stay significant when considered simultaneously, and the model had a good fit when the 

residuals were correlated of building cohesion and neighborhood cohesion, and of building 

interaction and neighborhood interaction. High-rise residents of 65 years or older experience 

higher levels of social interaction and cohesion on both building and neighborhood level. 

Regarding the characteristics of the living environment, the absolute number of facilities in the 

neighborhood does not influence perceived social interaction or cohesion. Further research on 

the role of the physical environment on the perceived social cohesion of high-rise residents 

should focus more on the subjective perception of neighborhood characteristics, as the absolute 

number of specific facilities and other data appear to be less relevant to a high-rise resident’s 

local social life. The findings indicate that the experienced levels of social cohesion at both 

building and neighborhood level is influenced by the perceived quality and usage of the 

transitional areas in the building. This shows that the high-rise building plays a significant role 

in the perceived social cohesion of its residents. The lack of social spaces in most buildings in 

the sample may influence the importance of these transitional areas for a healthy community 

life inside the building, but further research is needed to confirm this effect. To gain a deeper 

understanding of the role of transitional areas in the building on a resident’s perceived social 

cohesion, future research should differentiate between forms, designs and functions of these 

areas. The findings of this research should be taken into account by city planners who apply 

vertical building policies. Existing literature on local social life mainly focusses on a 

neighborhood scale level, but the experienced social cohesion by high-rise residents is affected 

by the characteristics of their building. This is true for their experience of both building 

cohesion and neighborhood cohesion. 
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1. Introduction 
This chapter serves as an introduction to the topic of this thesis and begins by discussing its 

context (section 1.1). Then, the research gap is established in the problem statement (section 

1.2). From this problem statement the objective of the research follows (section 1.3) and with it 

come the research questions that have to be answered to achieve this research goal (section 1.4). 

The research methods (section 1.5) and scientific and practical relevance (section 1.6) are then 

explained. The chapter ends with a brief explanation of the structure of the thesis (section 1.7). 

1.1 Context 
Growing cities are increasingly dealing with spatial limitations by opting for vertical growth as 

a way to accommodate their growing number of citizens (Modi, 2014). Vertical growth is a 

popular and effective way to create enough housing for growing cities, but without good 

building policies a vertical approach to city expansion can lead to an unhealthy social 

environment for residents in these high-rise buildings. Vertical building policies have obvious 

advantages such as lower building footprints, reduce urban sprawl and enable inner-city 

regeneration, but the experiences of high-rise residents living in these buildings has received 

little attention (Blandy, Dixon, & Dupuis, 2006, p. 2365). Because of this, residential high-rise 

comes with a risk of social problems for its residents. 

One of the possible negative outcomes of residential high-rise is overcrowding. Amick and Kviz 

(1975) found that residents of high-rise buildings experienced higher levels of alienation than 

those in low-rise dwellings, especially in areas with low site density. They found that these 

circumstances led to greater social interaction restriction imposed by the physical environment, 

resulting in feelings of alienation, powerlessness and isolation. Chile, Black and Neill (2014) 

strengthen this statement by reporting that low levels of social contact or sustained interaction 

with community members is the main cause for the social isolation of urban high-rise residents. 

For social interactions to take place near residential buildings, it is important for residents to 

be able to easily enter and exit their dwellings (Gehl, 2011). The entrance, hallways and elevators 

form a barrier between the front door of high-rise residents and their neighborhood which 

significantly lowers the number of outdoor trips of those residents. High-rise residential 

buildings create contained vertical ‘communities’, but in this case that term just refers to people 

living in the same building, rather than a like-minded group of people experiencing a high level 

of social cohesion (Siew Bee & Poh Im, 2016). These developments form areas of ‘mass private 

property’, which blur the distinction between private and public space (Shearing & Wood, 2003). 

Feelings of crowdedness hold especially true for buildings with a great number of residents. The 

large number of residents can discourage opportunities for creating a sense of community 

(Newman, 1976). This is not to say that a high-rise high density urban environment always 

results in overcrowding; Yeh (2000) argues that proper planning and management of these areas 

may still offer “good” density. Taller buildings with more shared space may reduce feelings of 

overcrowding and withdrawal among their residents.  

One major culprit of social problems in residential high-rise is a lack of social spaces in the 

building. A lack of social spaces may lead to physical discomfort and a sense of crowdedness 

(Freedman, Klevansky, & Ehrlich, 1971). Over time, crowding can lead to lower frustration 

tolerance and social alienation (Evans, 1979). High-rise residential buildings are often guilty of 

creating such scenarios without stimulation of community life (Modi, 2014). Common spaces in 

residential high-rise are often found at places cut off from the main movement routes, so people 

only go there at certain times of the day. If those common spaces would be better located, they 
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can act as good social spaces where residents can have a feeling of security, as these spaces are 

not open to passers-by. This may stimulate social contact but does still limit social interactions 

to residents of the same building (Modi, 2014). More high-quality social spaces near main routes 

also contribute to healthy local social life according to Gehl (2011). Even though his findings 

focused on the life between buildings, this statement may be applicable to life inside buildings 

as well. The most frequented routes in high-rise buildings are optimized for time efficiency 

rather than for social interaction and neighbors do not recognize each other due to the large 

number of people they see in the building (Siew Bee & Poh Im, 2016). A lack of transitional areas 

between home and public space further reinforces the strong boundary of locked doors and shut 

windows (Dovey, 1985). Low-rise housing appears to offer better opportunities for social 

interaction. For example, there is a clearer hierarchy of spaces in low-rise neighborhoods. An 

example of this is the front garden which acts as a transitional interactive space that still feels 

private. High-rise buildings often lack semi-private spaces which act as transitional areas 

between private and public (Modi, 2014). In the modern world where the public space is 

regulated by the authorities, people consider their ‘home’ to be the sole place where they have 

personal control, security and autonomy. This makes it difficult to create a soft boundary 

between private and public (Dovey, 1985). People need healthy community life to be able to feel 

comfortable in such a transitional area, but designs of residential high-rise often do not offer 

the environment to enable this. 

High levels of social cohesion can make an area a better place to live. It can bring social control 

and order to the living environment, but in the world being the way is it, where different groups 

are driven apart in terms of income, assets and lifestyles, it can be hard to achieve (Forrest & 

Kearns, 2001). Yet, a high level of social cohesion is something that should be strived for as it 

comes with some major improvements to the quality of life. Most of these improvements are 

particularly impactful on elderly and other groups of people who spend a significant part of their 

day in the neighborhood area (Forrest & Kearns, 1999). Social cohesion may positively affect a 

sense of health, and subjective happiness (Baum, Ziersch, Zhang, & Osborne, 2009). People 

living in areas with higher social cohesion feel less lonely and have more social interaction. 

Effects of social cohesion overlap with items related to aging well: lower rates of depression, 

stress and anxiety (Windsor, Pearson, Crisp, Butterworth, & Anstey, 2012). Especially collective 

efficacy, or rather the lack thereof, is associated with major depression (Ahern & Galea, 2011). 

Without this desire for social control and order realized, people feel unsafe and restricted by 

their environment. The perception of a high level of social cohesion and absence of physical 

disorder often result in better physical and mental health (Windsor, Pearson, Crisp, 

Butterworth, & Anstey, 2012). A major influence on and part of social cohesion is social 

interaction. Without it, social networks cannot be formed, and common values cannot be 

established. Social interaction is also important for personal well-being and happiness (Siew Bee 

& Poh Im, 2016). Even though it is difficult to bring people together in this day and age, creating 

a living environment that offers its residents the opportunity to become a community with a 

high level of social cohesion is important for ensuring healthy city life. 

Social cohesion in the built environment has mainly been researched on a neighborhood level. 

A reason for this is that neighborhoods are geographically bounded communities for which both 

the social and physical environment are relatively easy to analyze (Buckner, 1988). This holds 

true for buildings as well. For high-rise residents, the building is most likely their most 

frequented area in the neighborhood. This is why the social cohesion at building level and at 

neighborhood level both seem important for high-rise residents. For high-rise residential 

buildings, studies regarding social life have emphasized interaction in the building, among 
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residents of the building. However, still little is known about the differences between social 

cohesion at building level and at neighborhood level, and the characteristics of the physical 

environment that play a role in this. Social cohesion and interaction in the neighborhood have 

been popular topics of research, but little is known about how high-rise residents in particular 

experience social cohesion and interaction in their neighborhoods. This could be because the 

communities at building level and at neighborhood level are seen as completely separate, which 

ties in with the notion that residential high-rise creates these closed-off vertical communities, 

with similarities to gated communities (Siew Bee & Poh Im, 2016). The primary objective of this 

research is to find out what aspects of the physical environment contribute to the perceived 

level of social cohesion on both building and neighborhood scale. This report presents the 

findings of this research on what relation exists between characteristics of neighborhood and 

building, and social interaction and cohesion. 

1.2 Problem statement 
As described in the previous section, growing cities worldwide are adopting high-rise building 

policies. This has become a common approach due to the contribution of these policies to urban 

sustainability. The high density living that occurs in these cities is a relatively new way of life in 

human history. A major increase in urban living happened in the past century, with 16.4% of the 

global population living in cities in the year 1900 growing to 54.4% in the year 2016 (Ritchie, 

2018). Tall residential buildings with a high number of apartments can function well from a 

social point of view, as long as the residents do not perceive their environment to be overly 

crowded. Low building density, more extended space around the building and plenty of shared 

space in the building improve the human response to high-rise living (Yuen & Yeh, 2011). A 

sufficient amount of shared space can mitigate feelings of crowding and social alienation (Yeh, 

2000). The problem is that many cities have embraced the urban revolution of high-rise living 

without explicitly acknowledging the social context that this form of housing creates, or the 

social outcomes that high-rise residents have to deal with (Helleman & Wassenberg, 2004). This 

has resulted in the feelings of loneliness, crowdedness and social isolation that are commonly 

found in literature regarding urban dwellers today. 

This research will give insight in the role of social spaces in the social cohesion and interaction 

of high-rise residents. It does so on both the building level and the neighborhood level. It will 

show how high-rise residents perceive the shared space in their building and their 

neighborhood, and how that might relate to their perceived social cohesion and social 

interaction. 

Social cohesion, especially at neighborhood level, has been researched in the past. Existing 

literature shows that individual, household, and environmental characteristics may affect social 

cohesion (Oh, 2003; Oh & Kim, 2009; Van Dijk, Cramm, & Nieboer, 2013; French, et al., 2014; 

Pampalon, Hamel, Koninck, & Disant, 2007). However, the level of social cohesion of high-rise 

residents has never been studied on both neighborhood and building level simultaneously. The 

role of the physical characteristics of both scale levels, and the different impacts they may have 

on perceived social cohesion in the neighborhood and perceived social cohesion in the building, 

remains unclear. This study aims to gain a better understanding of the influence of 

characteristics of the living environment on perceived social cohesion, and to gain insights 

regarding the differences between the characteristics that influence perceived social cohesion 

of high-rise residents on a neighborhood level, and on a building level. 
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1.3 Research objective 
From the context and problem statement in the previous sections, a research objective is 

derived. This study examines what individual, household, neighborhood and building 

characteristics affect the level of perceived social cohesion and social interaction of high-rise 

residents. It does so on a building scale, and on a neighborhood scale. The effects of both 

neighborhood and building characteristics on the level of perceived social cohesion and 

interaction of high-rise residents are analyzed simultaneously. Furthermore, it makes the 

distinction between perceived neighborhood social cohesion and perceived building social 

cohesion with the intention of gaining insights in how the two differ. A similar distinction is 

made between perceived social interaction in the neighborhood and perceived social interaction 

in the building. 

The objective of this study is to provide a better understanding of the effects that the built 

environment may have on the level of social cohesion and social interaction as perceived by 

high-rise residents. To be more precise, the overall objective is to gain insights in the effects of 

individual, household, neighborhood and building characteristics on perceived social cohesion 

and interaction at both neighborhood and building level, as perceived by residents of high-rise 

buildings. 

1.4 Research questions 
In order to achieve the objectives of this research, the following main research question has to 

be answered. 

How do individual, household, neighborhood, and building characteristics affect the 

perceived social interaction and social cohesion of high-rise residents at both building 

and neighborhood level? 

Figure 2 shows the conceptual model which follows from the main research question. All the 

assumed relationships between the variables shown will be analyzed. All four dependent 

variables include the word ‘perceived’, which refers to the perception of high-rise residents. To 

be able to answer the main research question, and to address the relationships in the conceptual 

model, answers to the following sub questions are required. 

1. Which individual, household, and building characteristics affect the perceived building 

social interaction? 

2. Which individual, household, and neighborhood characteristics affect the perceived 

neighborhood social interaction? 

3. Which individual, household, and building characteristics affect the perceived building 

social cohesion? 

4. Which individual, household, and neighborhood characteristics affect the perceived 

neighborhood social cohesion? 

5. What is the relationship between the perceived building social interaction and the 

perceived building social cohesion? 

6. What is the relationship between the perceived neighborhood social interaction and the 

perceived neighborhood social cohesion? 

7. How do perceived building social interaction and cohesion differ from perceived 

neighborhood social interaction and cohesion? 
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Figure 2 Conceptual model 

1.5 Research methods 
This study uses multiple research methods to find answers to the research questions. Firstly, a 

literature study is conducted to find out what individual, household, neighborhood, and 

building characteristics affect social cohesion and social interaction according to existing 

studies. In the literature study, the concept of social cohesion is explored as well. With the 

outcomes of the literature study, an expanded definitive conceptual model is constructed. 

To be able to answer the research questions, data on the determined characteristics of high-rise 

residents has to be analyzed, which is not readily available. Therefore, field research is 

conducted to gather the required data. The study type will be a cross-sectional analysis. This 

means that data of variables are collected at one given point in time across a sample population 

of the target group, which is high-rise residents. Data is collected by use of a survey. Leaflets 

containing a description of and link to the online survey are distributed at 32 high-rise 

residential buildings in Eindhoven and Tilburg, two cities in the Netherlands. Due to COVID-

19 it was irresponsible to use a door-to-door approach as it increases the risk of contamination 

for the researcher and the people approached, so high-rise residents receive the leaflet in their 

mailbox. In total, 3586 residents received a leaflet inviting them to participate in the survey. 

This resulted in 191 complete responses that were used for the analysis. For some of the 

neighborhood characteristics, data was gathered from OpenStreetMap using a geographic 

information system QGIS, and the central bureau of statistics of the Netherlands (CBS, 2018). 

To analyze the data, bivariate analyses and multiple regression analyses are conducted using 

IBM SPSS Statistics 25. The bivariate analyses show which of the independent variables are 

significantly related to one or more of the four dependent variables, through use of independent 

t-tests, one-way ANOVA’s and Pearson’s product moment correlations. The significant variables 

from the bivariate analyses are considered for the multiple regression models. A stepwise 

method is carried out for the multiple regression analyses. For each of the four dependent 

variables separately, the significant variables are entered into the model by group: First the 

significant individual and household characteristics, then building characteristics, then 

neighborhood characteristics. As a last step of the social cohesion models, the variable perceived 

building social interaction is added to the building cohesion model, and the perceived 
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neighborhood social interaction is added to the neighborhood cohesion model. The results of 

the analyses show the relationships between the independent and dependent variables, and the 

role of perceived social interaction on perceived social cohesion on both scale levels. Lastly, a 

path analysis is conducted to form a final path model and to see if the assumed causality in the 

model fits the data well. 

This research and the data collection through surveys are conducted during the COVID-19 

pandemic. The resulting lockdown, guidelines and restrictions heavily impede urban social life. 

The pandemic has been detrimental to the most vulnerable social groups in particular: The poor, 

the elderly, the young and the disabled (United Nations, 2020). These are also the groups that 

spend most of their time in their own neighborhood (Forrest & Kearns, 1999) which means that 

how well the neighborhood environment adapts to the current social demands is especially 

important for maintaining overall social satisfaction. A lot of sources expect a strong lingering 

impact on many aspects of social life (User, 2020; British Academy, 2021), but it will take time 

to find out how much of the everyday life will have to change in the long run due to COVID-19. 

The pandemic will most likely affect survey results but it is not clear in what way, so a question 

about the influence of the coronavirus on social interaction and cohesion among neighbors are 

included in the survey. 

1.6 Scientific and practical relevance 
The goal of this research is to gain insights regarding the experienced levels of social interaction 

and social cohesion by high-rise residents, within their building as well as within their 

neighborhood. The results of this research are relevant to the fields of sociology, psychology, 

real estate and urban planning, as they include insights on the social behavior of residents in 

their high-rise building as well as in their neighborhood. 

This research shows what characteristics of the living environment significantly relate to the 

perceived social interaction and cohesion of high-rise residents at both a neighborhood and 

building level. While previous studies have reported on relationships between certain 

neighborhood characteristics and neighborhood social cohesion and/or interaction, there is 

little known about how these characteristics influence the local social life of high-rise residents 

specifically. The results of this research show new insights on how the local social life of high-

rise residents is influenced by certain building and neighborhood characteristics. City planners 

can implement this knowledge in their high-rise city plans, as they can take into account the 

potential differences in needs between high-rise residents and other city dwellers to ensure a 

good social environment. 

In the professional real estate branch, the outcomes of this study can help to realize healthy 

community life in residential high-rise. This study gives insight in the positive influence that 

good public space inside a high-rise residential building has on the perceived social interaction 

and cohesion of its residents. If it is known what characteristics of the common spaces in a 

building contribute to a better social life of its residents, this knowledge can be applied in real 

estate development and renovation. 

With high-rise city policies gaining in popularity, it is becoming increasingly important to 

ensure healthy community life in high-rise residential buildings and their neighborhoods. If the 

physical environment does not enable opportunities for good social cohesion and interaction, 

it will have negative effects on the mental health of residents, such as feelings of crowding and 

social alienation. Therefore, the outcomes of this research may contribute to society as a whole. 
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1.7 Structure of thesis 
The structure of this thesis follows the chronological order in which the research was carried 

out. This first chapter laid out the context and the problem statement. It explained the research 

objective, questions and methods, and described the scientific and practical relevance of this 

research. 

The following chapter, chapter 2, explores the concepts of social cohesion and social interaction, 

puts them in a building and neighborhood context, and seeks out the individual, household, 

building and neighborhood characteristics that may influence social interaction or cohesion in 

the built environment according to existing literature. The result of the literature study is a 

definitive conceptual model which includes the variables which are analyzed in this research. 

The methods for data collection and the analyses are elaborated on in chapter 3. It includes the 

operationalization of the data for analysis, a description of the data collection process and an 

explanation of the statistical analysis methods. Chapter 4 describes the data in the sample which 

is analyzed in this research. 

Chapter 5 and 6 present the analysis results of this research. Chapter 5 regards the bivariate 

analyses; chapter 6 goes into the multiple regression analyses and path analysis. The final 

chapter 7 gives an answer to the research question. In this chapter the findings are interpreted, 

after which the limitations of this research are elaborated on. The thesis ends with some 

concluding remarks and recommendations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 
 

2. Literature study 
As previously mentioned, the goal of this literature study is to find out what individual, 

household, neighborhood, and building characteristics affect social cohesion and social 

interaction according to existing studies. Before that, the concepts of social cohesion (section 

2.1) and social interaction (section 2.2) are explored. Definitions and explanations for both 

concepts are given, and their roles in a neighborhood and building context are described. Lastly, 

the importance and benefits of the concepts are underlined and supported with literature. Then, 

the roles of the concepts of social cohesion and social interaction in a neighborhood context 

(section 2.3) and in a residential high-rise building context (section 2.4) are further explored. 

2.1 Social cohesion 
Social cohesion is an ambiguous term with multiple dimensions. The concept refers to the 

participation in social activities, the presence of social networks but also the existence of 

collective norms and values (De Hart, Knol, Maas-de Waal, & Roes, 2002). If public instances 

and policies are to work towards greater social cohesion, clarity about its meaning and effects 

are required (Kearns & Forrest, 2000). In their paper on social cohesion and multilevel urban 

governance, Kearns and Forrest (2000) describe a cohesive society as one that ‘hangs together’, 

in which all its components contribute to society’s collective well-being and where disruptive 

behavior and conflict between groups or societal goals are largely absent. According to Dekker 

and Bolt (2005), social cohesion keeps a social system together. It connects the individual to the 

community, whether that is a family, an organization, a neighborhood or society as a whole.  

In an exploration of the concept, Kearns and Forrest (2000) define five dimensions of social 

cohesion. They elaborate further on this in another paper (Forrest & Kearns, 2001). Dekker and 

Bolt (2005) adopt these dimensions as well. While these dimensions clearly affect one another 

and have some overlap, they can be considered separate dimensions for the sake of exposition. 

The five dimensions of social cohesion as defined by Kearns and Forrest (2000) are: common 

values and a civic nature, social order and social control, social solidarity and reductions in 

wealth disparities, place attachment and identity, and social networks and social capital. The 

concepts are further elaborated on below.  

1. Common values and a civic nature – The most prevalent attributes of a community with 

common values are that the residents adhere to the same codes of behavior and have 

similar common moral principles (Forrest & Kearns, 2001). For centuries, common 

values originated from the working class and from the church. In the current world 

where privatism and individualism prevail, a community has to form these values in 

other ways (Kearns & Forrest, 2000). It has to be mentioned that not everyone has to 

have the same common values for a community to be cohesive. A heterogeneous 

community with for example great variety in ethnicity or age groups can still be cohesive 

even though common values are likely to differ. What is needed to achieve this is mutual 

respect and understanding (Dekker & Bolt, 2005). 

2. Social order and social control – With common values also comes a general idea about 

social order (Dekker & Bolt, 2005). A community with good social cohesion sees little 

conflict or threats day-to-day. It has effective informal social control, preventing 

incivilities and being able to solve neighborhood problems (Forrest & Kearns, 2001). This 

perspective considers social cohesion the byproduct of the routines and events of 

everyday life. Urban social cohesion manifests itself as social harmony, where incivilities 

and crime are mostly absent partly due to effective informal social control. Social order 
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rests upon tolerance between individuals and groups (such as ethnic groups and age 

groups). The main group of people responsible for disorder in the open space consists 

of those with no jobs or routines to fall back on. They engage in conflict for a sense of 

power and utility (Kearns & Forrest, 2000). This dimension overlaps with the previous 

one in that it builds on the respect and cooperation between different individuals and 

groups. The main difference is that this dimension focuses on everyday life, rather than 

the noble cause of common social values. 

3. Social solidarity and reductions in wealth disparities – This perspective on social 

cohesion comes from idealistic views on greater scale levels, such as city, region or 

country. It envelops good distribution of public finances and opportunities, and 

coordinated economic and social development and common standards (Forrest & 

Kearns, 2001). This social solidarity would be noticeable on the streets as camaraderie 

between individuals. Human beings are much more inclined to provide assistance to 

those in their social network, especially when there is some sort of sacrifice with one-

sided benefits. However, social obligations do not arise suddenly but are founded on 

moral norms. If helping out a fellow citizen even if that person is a stranger is the norm, 

more people would tend to do so (Kearns & Forrest, 2000). 

4. Place attachment and identity – This dimension considers social cohesion to be present 

when personal and place identity are intertwined (Forrest & Kearns, 2001). People bond 

not only with other people, but with their immediate living environment as well 

(Blokland, 2000). Feelings of belonging contribute to social cohesion as they positively 

affect things like adherence to common values, and the willingness to interact and 

connect with other people (Kearns & Forrest, 2000). When people feel like they belong 

where they live, they tend to feel more responsible for their environment. The territorial 

behavior that comes from this can create group cohesiveness and solidarity (Taylor, 

1988). Conversely, on the extreme side this behavior can create small worlds for groups 

of people who do not share values, understanding and commitments with or to the wider 

society (Kearns & Forrest, 2000). In general, place attachment results in feelings of 

security, better self-esteem and self-image, and the bonding between people, cultures 

and experiences. It helps maintain group identity (Taylor, 1988; Altman & Low, 1992; 

Crow, 1994). The social value of place attachment is not perceived through real contacts 

and relations, but rather on perceived feelings of belonging to the living environment 

(Blokland, 2000). Place attachment can manifest on multiple scale levels; A person can 

feel attached to their building, their neighborhood, their city, their region or even their 

country. 

5. Social networks and social capital – This dimension is clearly interlinked with the 

previous one, as a person’s place attachment and local social network are seen as 

mutually reinforcing (Henning & Lieberg, 1996). This view on social cohesion is built on 

the premise that social interaction and relationships tie a community together (Kearns 

& Forrest, 2000). A community with social capital is characterized by its high degree of 

social interaction, civic engagement and associational activity (Forrest & Kearns, 2001). 

This is seen mostly at neighborhood level, but also increasingly across the city. Social 

capital builds trust and norms, and it makes it more likely for the community to 

cooperatively take action against collective issues (Kearns & Forrest, 2000). 

The aforementioned multiple dimensions of the concept vary in relevance depending on what 

scale is considered. To be precise, according to Dekker and Bolt (2005), the dimension social 

order and social control, and the dimension social solidarity and reductions in wealth disparities 
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are more applicable to social cohesion on a societal scale but less applicable on smaller scale 

levels such as neighborhood or building level. The other three defined dimensions common 

values and a civic nature, social networks and social capital, and place attachment and identity 

are most relevant to these smaller scale levels (Dekker & Bolt, 2005). Social solidarity and 

reductions in wealth disparities clearly apply more to greater scale levels. It is more about people 

paying taxes, contributing to global good causes, and realizing a fair society in which everyone 

gets opportunities and has access to services equally (Dekker & Bolt, 2005). According to Dekker 

and Bolt (2005), social order and social control focus more on the absence of conflict in a general 

sense, such as between different religious groups, so that everyone in the society can live 

harmoniously. In contrast, Kearns and Forrest (2000) state that policies regarding social order 

are often neighborhood-focused. Especially for people living in cities and the suburbs, social 

order plays a big role in the coherence of a neighborhood. When urban areas get a bad 

reputation, its residents may get a defensive attitude, turning into undesirable social cohesion. 

Social order and social control prevent this, by retaining a more harmonious living environment.  

Regarding neighborhood and small group social cohesion specifically, Buckner (1988) developed 

a measuring tool which builds on three dimensions, namely psychological sense of community, 

attraction to neighborhood, and neighboring. These three concepts overlap with most of what 

is described by the dimensions from Kearns and Forrest (2000), but leave some aspects out that 

are only applicable to greater scale levels. Attraction to neighborhood as described by Buckner 

came forth from a popular method of measuring social cohesion on group level, so place 

attachment will be the term used instead to include the smaller scale level as well. According to 

Wilkinson (2007), who refers to the same three dimensions as Buckner, place attachment relates 

to the same characteristics of place as attraction to neighborhood. Buckner uses the term 

cohesion to describe the fact that the subject is the collective, rather than the individual, even 

though his questionnaire is meant for individual residents. What is measured is the perceived 

social cohesion of each member, which is computed by taking the combined results of the 

aforementioned three dimensions. These are described below. This measuring tool has often 

been used to measure the social cohesion on an individual level, as a unidimensional instrument 

(Ellaway, Macintyre, & Kearns, 2001). This study will make use of this instrument in the same 

way. 

1. Psychological sense of community – An individual in a cohesive community experiences 

feelings of belonging, fellowship, and identity in their community, be it functional or 

geographic (Buckner, 1988). These feelings come from a shared emotional connection 

between members of the community (Skjaeveland, Gärling, & Maeland, 1996). McMillan 

and Chavis (1986) were an important source for Buckner. They split up the concept sense 

of community in an attempt to provide a complete description for it, they distinguish 

four elements: membership – feelings of belonging and relatedness to the community. 

Influence – a sense of importance, of the group to the members and vice versa. 

Integration and fulfillment of needs – the feeling that members’ needs can be met by the 

resources the community provides. Shared emotional connection – the belief that 

members share history, experiences, and time together. Their proposed definition of 

sense of community is as follows: ‘Sense of community is a feeling that members have 

of belonging, a feeling that members matter to one another and to the group, and a 

shared faith that members’ needs will be met through their commitment to be together’ 

(McMillan & Chavis, 1986). 

2. Place attachment – This concept is a more straight-forward dimension of social cohesion 

derived from the general notion that members of communities with high levels of social 
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cohesion feel attracted to their community and want to remain a part of their 

community (Buckner, 1988). Buckner’s measuring instrument includes questions about 

attraction to living in the place, willingness to stay and future plans regarding moving 

away to measure this dimension of social cohesion. This concept is mainly about the 

connection that people have with the physical environment of the neighborhood. It 

greatly resembles the concept of ‘Place attachment and identity’, from Kearns and 

Forrest (2000), which was elaborated on earlier in this section. 

3. Neighboring – From a traditional sociological standpoint, the degree of neighboring and 

of social interaction in the neighborhood is seen as the primary indicant of cohesion. 

Neighboring can be seen as the perceived cooperation and friendships between 

neighbors. These do not actually have to happen for neighboring to exist, as a person’s 

belief that cooperation with their neighbors is possible is already a manifestation of 

social cohesion. This is called latent neighborliness, the desired attitudes which result 

in action in times of need but otherwise do not have to. The manifest neighborliness on 

the other hand, refers to actual ties and interactions between neighbors, such as visiting 

each other at home and engaging in recreational activities together (Mann, 1954). 

Generally speaking, people feel the desire to form social attachments. These attachments are 

commonly formed between people with something in common, or who are exposed to each 

other frequently (Baumeister & Leary, 1995). People have a strong need to belong (Maslow, 

1954), so strong that it can be considered a fundamental human motivation (Baumeister & Leary, 

1995). In the built environment, a cohesive society is formed when there are common moral 

values in place and there is plenty of social interaction. This social cohesion is desired as it brings 

social control and order to the living environment (Forrest & Kearns, 2001). People living in an 

area with a higher level of social cohesion feel less lonely and engage in social interaction more 

often (Windsor, Pearson, Crisp, Butterworth, & Anstey, 2012; Robinette, Charles, Mogle, & 

Almeida, 2013). Neighborhood social cohesion relates to better health and mitigates the effect 

of perceptions of unsafety on physical and emotional health (Robinette, Charles, Mogle, & 

Almeida, 2013). It is reasonable to argue that these findings are applicable to communities in 

residential high-rise buildings as well. 

As previously discussed in the ‘Place attachment and identity’-dimension, a high level of 

attachment can encourage local residents to actively preserve the physical and social features of 

their living environment such as green spaces through social and political involvement 

(Lewicka, 2005). Neighboring results in better feelings of security, ownership and support 

within the community (Siew Bee & Poh Im, 2016). 

2.2 Social interaction 
Quite some research has been done on social interaction in the built environment. Studies show 

evidence that the design of urban space can improve social interactions in a variety of ways such 

as urban parks (Oguz, 2000) and rooftop gardens (Yuen & Hien, 2005) and on a variety of groups 

of people such as adolescents (Owen, 1997), ethnic groups (Gobster, 1998) city residents (Oguz, 

2000; Shaferetal, 2000) and neighborhood residents (Saleh, 1999; Owens, 1993). The concept is 

defined by De Jaegher, Di Paolo and Gallagher (2010) as “complex phenomena involving 

different dimensions of verbal and nonverbal behavior, varying contexts, numbers of 

participants and – frequently – technological mediation.” (De Jaegher, Di Paolo, & Gallagher, 

2010). This implies that social interaction has many forms, but in essence is about contact 

between people. The main difference with the concept of neighboring, which is one of the 

dimensions of social cohesion according to Buckner (1988), is that the concept of social 
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interaction is about the actual interactions between people, and neighboring is about a sense of 

connectedness between neighbors which does not have to manifest itself in actual social 

interactions. 

Social interactions can be stimulated by the physical environment. Matsuoka and Kaplan (2008) 

found that studies have already reported promising results among adolescents, different racial 

and ethnic groups, and urban and neighborhood residents as a whole. Natural and urban 

landscapes such as parks and rooftop gardens appear to play a role as well. According to Jan 

Gehl (2011), a world-renowned urban designer, just the sheer amount of good quality public 

space can have an impact on ensuing social interaction. High-quality public spaces indubitably 

attract a crowd, and with people attracting people this results in more social activity (Gehl, 2011). 

Gehl’s research focused on urban areas, but this reasoning may also be applicable to the 

common spaces in high-rise buildings. 

Social activities occur more frequently when necessary and optional activities can take place in 

a favorable environment. In good environmental conditions, people more often choose to linger 

in public spaces which increases social contact. Even passive contact, just seeing and hearing 

other people, is a form of social interaction. This is the most frequently occurring form of social 

contact in city streets and city centers, where interactions tend to be superficial. Still, superficial 

social activities such as a simple greeting or just seeing other people in the neighborhood are a 

starting point for more comprehensive forms of social activity (Gehl, 2011). The key here is the 

provision of spaces where social interactions are more likely to occur. At greater scale levels this 

refers to e.g., parks, markets and events, but at building level there is also a need for social spaces 

and other areas which encourage social interaction between residents (Yuen & Yeh, 2011). 

Humans are highly social creatures (Maslow, 1954), so it is sensible to think that social 

interaction comes with important benefits. Without social interaction no relations can be 

formed. It is a crucial factor of a community. A sense of community is created through social 

interaction: through residents spending time together, or at least seeing each other in the public 

space. Neighboring is in definition bound to social interaction. Good social cohesion cannot be 

realized without residents interacting with each other. Social interaction can improve an 

individual’s well-being and happiness (Siew Bee & Poh Im, 2016). It reduces daily stressors, 

especially among younger residents (Robinette, Charles, Mogle, & Almeida, 2013). Social 

interaction prevents feelings of alienation, powerlessness and isolation (Amick & Kviz, 1975). 

2.3 Social cohesion and interaction in the neighborhood 
It is accepted that neighborhood matters regarding social life and quality of life, but what 

environmental conditions result in what outcomes is still very much up for debate. Forrest and 

Kearns (2001) mention that neighborhood factors seem to have a lower impact on a resident’s 

social life than parental factors such as education, income and employment. Still, living in a 

neighborhood deprived of social cohesion and community life may impact a resident’s mental 

and physical health (Robinette, Charles, Mogle, & Almeida, 2013). Neighborhood social cohesion 

is affected by how its residents perceive the environment. For example, safety concerns from 

traffic and crime negatively impact social cohesion, and interesting aesthetics and the presence 

of active others have a positive impact (Child, et al., 2016). Gehl (2011) stated that the presence 

of people in a public area depends partly on the sheer amount of good quality public space.  

According to Piekut and Valentine (2017), different types of (public) space offer opportunities 

for different kinds of social interactions. Private space facilitates close social ties and involuntary 

relations, socialization space facilitates voluntary social relations and friendships, institutional 
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space is mainly for social relations, acquaintances and friendships, consumption space is more 

for fleeting interactions and acquaintances, and public space is only for fleeting interactions 

(Piekut & Valentine, 2017). While public space may mainly facilitate superficial contact, the 

presence of public outdoor gathering places does promote community identity (Stewart, 

Liebert, & Larkin, 2004). The weak ties that can come forth from superficial social interactions 

should not be underestimated: In their research on neighborhood networks, Henning and 

Lieberg (1996) reported that only 10% of the respondents deemed weak ties to be of little to no 

importance. Weak ties give residents a sense of security and feeling of home in their 

neighborhood. This finding may be generalizable to communities in high-rise residential 

buildings as well. The role of common areas in a building may not fit into one of Piekut and 

Valentine’s types, as these are partly public space, but because they are not always accessible to 

non-residents these common areas may be perceived as semi-private space as well. 

Not only the built environment, but also the individual, subjective perception of the built 

environment affects social cohesion and social interaction to an extent (Child, et al., 2016). For 

example, the liveliness of a place is for the most part not determined by what is built there, but 

by the people who spend time in that place. If an individual perceives their neighborhood to be 

lively, it may contribute to their perceived social cohesion of the neighborhood. 

2.4 Social cohesion and interaction in the building 
A risk that comes with opting for residential high-rise as a solution to limited available space is 

overcrowding, which occurs when there is an insufficient amount of common area for the 

amount of people living in the building. This is due to the high density living that is an 

indisputable characteristic of residential high-rise, where a high number of persons are living in 

an area (Amick & Kviz, 1975; Yeh, 2000). As a solution, Yeh (2000) has argued that high-density 

urban environments with high-rise can result in 'good' density, which offer plenty of livable 

space to mitigate negative effects such as crowding. Higher high-rise buildings would have more 

room to do this. However, the placement of common spaces is currently often poor for social 

interaction purposes, at places cut off from the most frequented routes. As a result, the high-

rise residents only come there at certain times of the day (Modi, 2014). It offers seclusion from 

the noisier main routes, but according to Gehl (2011), a lot more superficial social interactions 

take place when social spaces are placed near main routes. Such superficial interactions are 

important for creating a sense of community, as well as opportunities for establishing weak ties 

between neighbors. Even though Gehl’s statement referred to public space outside of (or 

between) buildings, they may be applicable to spaces inside buildings as well. In his book Life 

between buildings (Gehl, 2011), Gehl mentions the importance for residents to easily enter and 

exit their dwellings. For high-rise residents, their front door and the outdoors are separated by 

hallways, stairs and elevators, a situation which significantly lowers the number of outdoor trips 

of those residents. The building acts as a barrier, forcibly creating this ‘community’ of high-rise 

residents separated from their neighborhood (Siew Bee & Poh Im, 2016). 

Not only the personal living space, but outside space and neighborhood relations as well, affect 

a person’s satisfaction with their living situation (Forrest & Kearns, 2001). This holds especially 

true for high-rise residents, who share their building with their neighbors. The entrance, ground 

floors and common areas of a high-rise residential building are semi-public spaces which are 

mainly used by the high-rise residents themselves, but any acquaintance of any resident can get 

access to these areas. However, these spaces are not open to passers-by which gives residents a 

sense of security, encouraging them to make use of the spaces. Regarding another aspect of 
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sense of security, because there is no vehicular traffic in a vertical ‘street’ of the building, 

movement through the building is often thought of as safer (Modi, 2014).  

If there are a large number of people living in the building then the odds of a sense of community 

being created is lower (Newman, 1976). Even though residents would be making use of the same 

social spaces, with too many neighbors it may feel like the social spaces are filled with strangers. 

Neighbors may be spending time in the same building, but in this case no relations are likely to 

be formed, not with each other nor with the building itself. Social cohesion becomes hard to 

achieve (Siew Bee & Poh Im, 2016). Even worse would be a lack of common spaces, which results 

in overcrowding. This can lead to social interaction restriction, and with it come feelings of 

alienation, powerlessness, isolation (Amick & Kviz, 1975) and lower frustration tolerance (Evans, 

1979).  

In buildings with good social cohesion, residents may consider the semi-public spaces to be part 

of their home to an extent. In an exploration of the phenomenon of home, Dovey (1985) 

describes the term as a place of security, autonomy and power, contrasting with other places 

without familiarity and where others make the rules. Because the state regulates the open space, 

behavior in public is limited to a rule-bound set of activities. This makes it difficult to 

appropriate the space on a personal or collective level. It is harder for people to consider public 

space as part of their “home” because the state, or in a building the owner, has power over its 

control and maintenance (Dovey, 1985). The boundaries between private and public are 

necessities according to Cohen (1995), who claims privacy is needed to give people autonomy 

and protection from third party intervention. According to Dovey (1985), autonomy, personal 

control, and protection from third party intervention are exactly what makes people feel at 

home. Due to this it is difficult to create a soft boundary between private and public, or to 

consider the semi-public spaces in the building part of the “home” (Dovey, 1985). 

2.5 Influences on social cohesion and social interaction 
This section describes all neighborhood, building, individual and household characteristics that 

significantly relate to social cohesion or social interaction according to existing literature. 

2.5.1 Neighborhood and building characteristics 
For a community to be created, residents need to meet. Therefore, meeting opportunities have 

to exist in the area. Common facilities enable meeting opportunities in close proximity to an 

individual’s home, enabling a variety of activities at that location (Van den Berg, Arentze, & 

Timmermans, 2015b). Völker et al. (2007) state that facilities in the neighborhood increase the 

likelihood that residents will meet. Such facilities include supermarkets, primary schools and 

outdoor sports facilities. People who live within one kilometer of these facilities are more likely 

to interact with their neighbors (Van den Berg, Arentze, & Timmermans, 2015b). The presence 

of neighborhood facilities appears to positively influence perceived neighborhood social 

cohesion (Van Dijk, Cramm, & Nieboer, 2013). A variety of facilities can promote community 

life, as walking to and from these locations open possibilities for social contact (Yuen & Yeh, 

2011). 

Common spaces are also essential locations for community life within buildings. They enable 

social interaction between high-rise residents to an extent that cannot be achieved solely 

through the presence of walkways (Modi, 2014). Without common spaces, there is an increased 

chance that residents feel socially alienated (Evans, 1979), which results in the opposite of a 

socially cohesive environment. These areas in a building also have a positive relation with social 

cohesion because of the intermediary effect of perceived safety. Open spaces and the presence 
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of other residents conducting activities in those spaces makes the building feel safer to its 

residents (Modi, 2014). For these reasons the presence, quality and safety of common spaces will 

be taken into account as characteristics of importance. 

What influences the need for common spaces is the number of residents in the building. A 

greater number of residents results in more need for common spaces, but with a large number 

of residents the possibilities for creating a sense of community diminish. When there are too 

many neighbors, a high-rise resident is discouraged to engage in social contact (Newman, 1976). 

If the majority of people in common spaces are complete strangers, residents tend to not 

consider those spaces to be part of their home. 

The relationship between perceived safety and social cohesion also exists at neighborhood level, 

according to Van Dijk et al. (2013). Neighborhood disorder is negatively associated with 

perceived social cohesion (Oh & Kim, 2009). Both physical and social disorder may have a 

negative effect (Oh, 2003). Oh states that perceived disorder in the neighborhood results in 

mistrust between neighbors, therefore negatively affecting social cohesion. Ellaway et al. (2001) 

came to the same conclusion, and add that the strongest negative association they found was 

between antisocial problems and attraction to neighborhood. The weakest relation was between 

antisocial problems and neighboring, which indicates that the relationships and social contact 

between neighbors are less heavily affected by these perceived antisocial problems. Activity 

engagement is restricted by negative perceptions of the physical environment (Windsor, 

Pearson, Crisp, Butterworth, & Anstey, 2012). If residents do not feel safe or comfortable in their 

living environment, they are less likely to conduct activities in it. Perceived neighborhood safety 

seems to be an important characteristic that should be taken into account. 

One factor that influences this perceived safety is the maintenance of green spaces in the 

neighborhood (Kemperman & Timmermans, 2014). The presence of green spaces can help social 

interaction in an area, as they offer a stage for social contact through both passive and active 

use (Kemperman & Timmermans, 2014; Yuen & Yeh, 2011). Especially in dense urbanized areas, 

green open spaces can be scarce so the spaces that do exist are very important. In an analysis of 

research contributions of papers on landscape and urban planning, Matsuoka and Kaplan (2008) 

came to the conclusion that social interaction between residents can indeed be promoted 

through properly designed urban spaces. Additionally, social cohesion may be affected as well, 

as the presence of gathering places in the open space promotes community identity (Stewart, 

Liebert, & Larkin, 2004). Apart from the actual presence of green and open spaces, the perceived 

greenness also plays a role in stimulating social interaction. Results from Kemperman and 

Timmermans (2014) show a positive relationship between higher levels of perceived green in 

the neighborhood, and higher levels of social contact among neighbors. The inverse is also true: 

Lower levels of perceived green are associated with lower levels of neighborhood social contact. 

The presence of green spaces, of open gathering places, and the perceived greenness seem to 

influence the dependent variables, so they will be included in the analysis. 

The importance of meeting opportunities particularly in dense urban areas is consolidated by a 

statement by Van den Berg et al. (2015b), that says that the social network of residents of 

neighborhoods with a larger degree of urbanization consists for a smaller part out of neighbors 

than residents of less urbanized areas. Urban density or community size may be negatively 

correlated with place attachment and neighborhood ties (Lewicka, 2005). Additionally, 

residential density is negatively associated with neighborhood social cohesion (French, et al., 

2014). Regarding social interaction, city dwellers appear to interact with their neighbors to a 
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lower extent than residents of more rural areas (Van den Berg, Arentze, & Timmermans, 2015b; 

Yuen & Yeh, 2011). 

There are similarities in the important characteristics of building and neighborhood regarding 

social cohesion and social interaction. There is a desire for meeting opportunities, open space 

and a limited number of neighbors to enable social interaction and the creation of a sense of 

community, resulting in a high level of social cohesion. The ten characteristics that follow from 

the literature are the presence of neighborhood common facilities, the presence, quality and 

safety of common spaces in high-rise buildings, the number of residents in those buildings, 

perceived neighborhood safety, area of green open space, perceived quantity of gathering places 

in the neighborhood, perceived greenness of the neighborhood, and urban density. 

2.5.2 Individual characteristics 
A characteristic frequently associated with social cohesion is a person’s age. Previous studies 

have shown that age has a positive association with perceived neighborhood social cohesion 

(Ellaway, Macintyre, & Kearns, 2001; Oh, 2003; Oh & Kim, 2009; Pampalon, Hamel, Koninck, & 

Disant, 2007). People have become more mobile over the past decades, which caused most to 

develop more spatially diffuse social networks, but this trend had a significantly lower impact 

on the elderly, indicating that they value neighbors and neighboring more than other age groups 

(Guest & Wierzbicki, 1999). Furthermore, senior citizens experience increasing mobility 

limitations which results in them being more dependent on their direct living environment for 

their social network (Schwanen & Paez, 2010). The results shown by Henning and Lieberg (1996) 

indicate that elderly people and others outside the labor force are more dependent on social 

ties, and the neighborhood as the scene for social relations has an important but increasingly 

specialized role. Van den Berg, Arentze and Timmermans (2015b) reported that seniors have 

more frequent interactions with neighbors than younger adults do, and Völker and Flap (2007) 

stated that seniors are more likely to include neighbors in their social network. Conversely, 

Robinette, Charles, Mogle and Almeida (2013) found that older adults tend to spend more time 

with their family and have them as support rather than being reliant on friends and neighbors. 

Furthermore, people older than seventy years might have a worse perception of neighborhood 

social cohesion and have fewer social interactions due to disabilities and health issues (Van Dijk, 

Cramm, & Nieboer, 2013). 

On that note, health issues seem to influence social interaction and perceived social cohesion 

regardless of age. Van Dijk et al. (2013) and Ellaway et al. (2001) reported that residents who rate 

their own health status to be high tend to have high levels of experienced neighborhood social 

cohesion. On the other hand, a poor health status hinders involvement in neighborhood activity 

and possibilities to establish social relations (Van Dijk, Cramm, & Nieboer, 2013). This is just 

most prominent among the elderly, as their diminishing self-reliance negatively influences 

neighborhood social cohesion (Van den Berg, Kemperman, Uytdewillegen, & Weijs-Perrée, 

2016). 

Even though marital status does not seem to affect social cohesion among the elderly in 

particular (Van Dijk, Cramm, & Nieboer, 2013), marriage in general has been reported to 

positively influence place attachment (La Grange, 2011) and neighboring (La Grange, 2011; Oh & 

Kim, 2009). The latter implies that married residents have more social connections and social 

interactions in the neighborhood. Oh and Kim (2009) have stated that the level of neighborhood 

social cohesion perceived by married individuals is higher as well. 
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Residents with a job tend to spend less time at home than the unemployed (Van den Berg, 

Arentze, & Timmermans, 2015b) which results in the working class having fewer locals in their 

social network than the unemployed (Völker, Flap, & Lindenberg, 2007). French et al. (2014) 

found that retired residents have higher levels of perceived social cohesion. This is related to 

the residential neighborhood playing a larger role in the lives of those who spend significantly 

more time at home than others, as these residents may value local weak ties more (Henning & 

Lieberg, 1996). Employment status appears to play a significant role in how residents experience 

their neighborhood. 

The same goes for education level, as individuals with higher education levels have been 

reported to interact less frequently with neighbors than those with a low education level (Van 

den Berg & Timmermans, 2015a). A higher education level is also reported to negatively relate 

to a person’s place attachment (Dekker & Bolt, 2005; Lewicka, 2005). On top of that, French et 

al. (2014) and Pampalon et al. (2007) found a negative relation between education level and the 

experienced social cohesion. What seems in discord with the previous statements is that Völker 

and Flap (2007) note that higher educated individuals are actually more likely to include 

neighbors in their social network. As stated by Ellen and Turner (1997, p. 848), education level 

is one of the parental factors with a clear influence on an individual’s social life. 

A person’s gender might be an influencing factor, as Van den Berg, Arentze and Timmermans 

(2015b) noted that females are more likely to interact with locals than males. It is unclear 

whether this is due to indirect effects on other variables such as employment status. Its potential 

direct relation with social cohesion should be deemed important. 

Van Dijk et al. (2013) stated that ethnic minorities tend to prefer to interact with individuals of 

the same ethnic background, and have fewer social contacts within the neighborhood in 

general. In the Netherlands, apart from having more social contacts Dutch residents tend to 

have higher levels of perceived neighborhood social cohesion than other ethnicities (Oh, 2003; 

Van Dijk, Cramm, & Nieboer, 2013). Ethnicity is therefore considered to be a characteristic of 

interest. 

Forrest and Kearns (2001) note that community spirit appears stronger in wealthy home-owning 

areas, as residents there seem to be more capable of acting as a collective than renters in poorer 

areas. Home owners have expressed higher levels of neighborhood social cohesion in studies by 

Ellaway et al. (2001), Oh (2003), and Oh and Kim (2009). Furthermore, Völker, Flap and 

Lindenberg (2007) mention that home owners are more likely to have more neighbors in their 

social network because they are less likely to move out than people who rent their dwelling. 

This statement assumes that home ownership has an indirect effect on their neighborhood 

social network by its influence on the residents’ willingness to stay.  

Subsequently, when residents do stay in an area for a longer period of time, they seem to get 

more attached to their living environment. Length of residence was already positively associated 

with the local social network in 1988 by Sampson, who even found it to be the strongest 

predictor of individual local friendships (Sampson, 1988). Lewicka (2005) seconds this by stating 

that length of residence positively influences both neighborhood contacts as place attachment. 

It also has a positive relation with the psychological sense of community (Ellaway, Macintyre, & 

Kearns, 2001) and neighborhood social cohesion (French, et al., 2014; La Grange, 2011). 

Participation in either formal or informal associations has an impact on neighborhood social 

cohesion. It has a positive effect on an individual’s social network size and it results in locals 
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making up a greater part of that social network (Van den Berg & Timmermans, 2015a). Actively 

participating in resolving neighborhood issues results in higher levels of neighborhood 

attachment (Dassopoulos & Monnat, 2011). 

In total, ten individual characteristics have been identified that are found to be of significance 

for this research. These are age, health status, marital status, employment status, education 

level, gender, ethnicity, home ownership, length of residence, and participation in local 

associations. 

2.5.3 Household characteristics 
Household size has a positive relationship with social cohesion. People in households consisting 

of multiple persons are assumed to interact with neighbors to a greater extent and they have 

more neighbors in their social network than single person households (Van den Berg, Arentze, 

& Timmermans, 2015b; Völker & Flap, 2007). On top of that, single person households appear 

to perceive neighborhood social cohesion to be worse than households consisting of multiple 

persons (Pampalon, Hamel, Koninck, & Disant, 2007). 

Adding to the previous characteristic, the presence of children in the household could increase 

the level of perceived neighborhood social cohesion (French, et al., 2014). Van den Berg and 

Timmermans (2015a) note that neighbors make up a greater part of the social network of 

households with children than of those without children. When children play together, they 

offer an incentive for parents to interact with each other, they are deemed to be an important 

enabler of social interaction among neighbors (Frieling, 2008). 

The availability of a car increases an individual’s mobility, so it enables the possibility to visit 

people in their social network who live further away rather than their neighbors. It appears that 

car availability results in fewer social interactions with local residents (Van den Berg, Arentze, 

& Timmermans, 2015b). 

Households with a high income have more neighbors in their social network and have more 

social interactions with neighbors (Völker & Flap, Sixteen million neighbors: A multilevel study 

of the role of neighbors in the personal networks of the Dutch, 2007). Oh (2003) and Pampalon 

et al. (2007) reported that a high household income also leads to high levels of neighborhood 

social cohesion. Conversely, Guest and Wierzbicki (1999) mention that neighbors and 

neighboring appear to be of greater importance to the poor. 

The four previously mentioned household characteristics are the ones who are taken into 

account for this research. These are household size, presence of children, car availability and 

household income. 

2.6 Conceptual model 
One of the main goals of the literature study was to expand upon the concepts of social cohesion 

and social interaction, and place them in a residential high-rise building and a neighborhood 

context. It addresses specific building, individual, household, and neighborhood characteristics 

which may affect the perceived social cohesion and social interaction of high-rise residents (see 

section 2.5). Previous studies have found significant relationships between the mentioned 

characteristics and the dependent variables, and those characteristics can be brought under one 

of the independent variable groups of the conceptual model. Most of the existing literature find 

relations between certain characteristics to the general concepts of social interaction or social 

cohesion, or to social interaction and cohesion on the neighborhood scale specifically. This is 

mainly because the neighborhood is the most commonly researched scale level regarding these 
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topics. Regarding the building scale it is assumable that the same individual and household 

factors have similar effect on the perceived social cohesion and interaction. Therefore, the links 

in the conceptual model remain appropriate, and the model can be expanded upon with the 

insights of the literature study. 

 

Figure 3 Definitive conceptual model 

Resulting from the literature study, four building characteristics and six neighborhood 

characteristics are assumed to affect the perceived social cohesion and social interaction of high-

rise residents. The four building characteristics are the presence of common spaces, the quality 

of common spaces, the safety of common spaces and the number of residents in the building. 

The neighborhood characteristics are the presence of neighborhood facilities, perceived 

neighborhood safety, perceived quantity of gathering places, area of green open space, perceived 

greenness, and urban density. Furthermore, ten individual characteristics seem to be of 

importance. These are participation in local organizations, gender, age, ethnicity, health status, 

education level, employment status, length of residence, home ownership, and marital status. 

In addition, four household characteristics might affect the dependent variables, namely 

household size, the presence of children, car availability, and household income. These are the 

independent variables for which previous research has found significant relationships with 

social cohesion or social interaction, therefore all of these are included in the definitive 

conceptual model, see figure 3. 

This literature study has aided in clarifying the concepts of social cohesion and social 

interaction, and has resulted in a concise list of characteristics that seem to significantly relate 



28 
 

to the dependent variables in the conceptual model. With this list, a definitive conceptual model 

can be created. For the model, an assumption is made that the variables that were found in the 

literature study also apply to high-rise residents in particular, as most literature refers to people 

living in a neighborhood in general. Still, the goal of the literature study was to find out what 

individual, household, neighborhood, and building characteristics affect social cohesion and 

social interaction according to existing studies. This goal is achieved, and in total 24 relevant 

variables have been identified. 
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3. Methodology 
The literature study in the previous chapter gives an overview of the concepts of social cohesion 

and social interaction, and of what effects the physical environment may have regarding those 

concepts. It provides insights in the characteristics of the individual, household, neighborhood 

and building that may affect social cohesion and interaction according to existing literature. 

There is no existing data readily available on the levels of social cohesion and interaction of 

high-rise residents of specified neighborhoods. Such data has to be analyzed so that the main 

research question and the sub-questions can be answered. For analysis of the physical 

environment of high-rise residents and their level of social cohesion and interaction to be 

possible, a form of data collection has to take place. 

This chapter lays out the research plan of this study. Firstly, the research design and research 

methods are explained. Then, the research design is expanded upon: A definitive conceptual 

model is displayed and explained. An explanation of the operationalization of all the variables 

follows. The section on data collection shows what data is collected when, where and how. 

Lastly, a description of the statistical analysis methods is given followed by some concluding 

remarks. 

3.1 Data collection methods 
This study makes use of quantitative research with a descriptive character. The goal is to seek 

out correlations between the variables, to gain insights into the direct and indirect effects that 

particular neighborhood and building characteristics may have on the social cohesion and 

interaction of residents of high-rise buildings. A quantitative approach to this is appropriate 

because it facilitates statistical analysis, with which the direct and indirect effects of the 

building, neighborhood, individual and household characteristics on the dependent variables 

can be examined simultaneously. Furthermore, with quantitative data analysis a clear 

comparison can be made between the results of this research and the findings of existing 

literature. 

The study type will be a cross-sectional analysis. This means that data of variables are collected 

at one given point in time. The main purpose of this approach is to gather information about 

residents in high-rise buildings. Through means of a survey and of observations a relatively high 

amount of data can be acquired in a quick and efficient manner. Even though opposite to 

longitudinal research, this approach is not suitable for the examination of causality between 

variables, it does facilitate finding common points and correlations between variables. 

For this study a survey is designed to gather data on high-rise residents, and their perception of 

the identified variables regarding social cohesion and interaction, certain building and 

neighborhood characteristics, and individual and household characteristics. This data is needed 

to study relationships between the independent and dependent variables, as well as the 

relationship between the two different levels of social cohesion. The collection of survey data is 

described in section 3.3.2. Data on objective neighborhood characteristics are gathered through 

the use of QGIS, a geographic information system program that enables a precise analysis of the 

neighborhoods of selected buildings. The collection of data through QGIS is described in section 

3.3.3. What follows in section 3.2 is a description of the definitive conceptual model and the 

operationalization of the variables in the model. 
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3.2 Operationalization 
This section is about the operationalization of all variables in the conceptual model, and how 

they are included in the survey or otherwise measured. First, a description follows of how social 

cohesion and social interaction are measured. Then, the building characteristics and the 

neighborhood characteristics follow. Finally, the operationalization of the individual 

characteristics and the household characteristics is explained. Figure 4 shows a conceptual 

model which includes all operationalized variables. 

3.2.1 Perceived social cohesion 
Two of the dependent variables in the conceptual model are perceived building social cohesion 

and perceived neighborhood social cohesion. For both neighborhood and building, the same 

questions are used to measure the perceived social cohesion of high-rise residents. These 

questions come from the Neighborhood Cohesion Instrument (NCI), developed by Buckner 

(1988). The NCI consists of 18 items, which originate from three dimensions. These are 

psychological sense of community, place attachment, and neighboring. The instrument seems 

appropriate here because it is one of the recognized quantitative approaches of measuring social 

cohesion (Dekker & Bolt, 2005). Furthermore, it enables analysis at both the collective and 

individual level. Even though the name implies that the instrument is created for analysis at 

neighborhood scale, Buckner (1988) states that his choice to focus on neighborhoods is mostly 

due to the salience of the neighborhood in the built environment. The instrument is applicable 

to communities, so it is suited for a building level analysis as well. The term neighborhood is 

not defined any further, as people’s perception of neighborhood may differ. It would make it 

unnecessarily more difficult for respondents of the survey to answer the questions promptly. 

The 18 items from the NCI that will be used to measure perceived neighborhood social 

cohesion are brought under their respective concepts psychological sense of community, place 

attachment, and neighboring. They are as follows. 

1. I feel like I belong to this neighborhood 

2. The friendships and associations I have with other people in my neighborhood mean a 

lot to me 

3. If the people in my neighborhood were planning something I’d think of it as something 

“we” were doing rather than “they” were doing 

4. I think I agree with most people in my neighborhood about what is important in life 

5. I feel loyal to the people in my neighborhood 

6. I would be willing to work together with others on something to improve my 

neighborhood 

7. I like to think of myself as similar to the people who live in this neighborhood 

8. A feeling of fellowship runs deep between me and other people in this neighborhood 

9. Living in this neighborhood gives me a sense of community 

10. Overall, I am very attracted to living in this neighborhood 

11. Given the opportunity, I would like to move out of this neighborhood 

12. I plan to remain a resident of this neighborhood for a number of years 

13. I visit my neighbors in their homes 

14. If I needed advice about something I could go to someone in my neighborhood 

15. I believe my neighbors would help me in an emergency 

16. I borrow things and exchange favors with my neighbors 

17. I rarely have neighbors over to my house to visit 

18. I regularly stop and talk with people in my neighborhood 
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Answers to these questions range from “strongly disagree” to “strongly agree” in a 5-point Likert 

scale. This research only makes use of the overall social cohesion score, calculated by summing 

up the scores to all 18 questions with equal weighing.  

Regarding the dependent variable perceived building social cohesion, the same 18 item 

instrument is used. The same scoring and coding apply, but the questions address a building 

scale instead of a neighborhood scale. 

3.2.2 Perceived social interaction 
The other two dependent variables are perceived building social interaction and perceived 

neighborhood social interaction. Both are calculated by taking the mean score of several 

questions regarding the frequency of social interactions, with equal weighing. The questions are 

derived from studies by Rogge et al. (2018) and Sugiyama et al. (2008) who gathered data on 

social interaction through surveys as well. Rogge et al.  (2018) focused on the frequency of 

participation in social activities and the perceived importance of those activities to analyze 

social interaction in community gardens in Germany, while Sugiyama et al. (2008) measured 

social interaction in the neighborhood by asking locals about how frequently they greeted their 

neighbors and how often they stopped on the street for a talk with a neighbor. The questions 

they posed are adopted in this survey, which in addition differentiates between social 

interactions in different locations, such as between the social spaces and transitional areas in a 

building. The focus of these questions is on interaction frequency. There is some overlap with 

question 18 of Buckner’s social cohesion measurement instrument here. Social interactions with 

neighbors are considered a manifest form of neighborliness, which is an inherent part of 

Buckner’s social cohesion measurement tool. The overlap between the concepts is present, but 

limited. Where the social cohesion measurement tool also includes questions on latent 

neighborliness, a sense of community and the feelings of place attachment, the social 

interaction variables focus on the perceived frequency of interactions with neighbors in 

different locations in the building of the neighborhood. 

The answer options are the same for each question. The eight options in order from least 

frequent to most frequent are: (almost) never, 1 time per year, 2-11 times per year, 1 time per 

month, 2-3 times per month, 1 time per week, 2-5 times per week, (almost) daily. Question 8 has 

a different scale, with answers ranging from 1 (very unimportant) to 10 (very important). 

The questions for perceived neighborhood social interaction are as follows. 

How often do you greet your neighbors 

1. In buildings in your neighborhood (e.g., supermarkets, cafeteria)? 

2. In your neighborhood’s public space (e.g., streets, squares, parks)? 

How often do you stop to talk with a neighbor 

3. In buildings in your neighborhood (e.g., supermarkets, cafeteria)? 

4. In your neighborhood’s public space (e.g., streets, squares, parks)? 

How often 

5. Do you have people from your neighborhood come over to your home? 

6. Do you visit people in your neighborhood in their homes? 

How often do you engage in social activities 
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7. In your neighborhood? 

How important or unimportant do you find your social exchanges 

8. With the people in your neighborhood? 

The questions for perceived building social interaction are similar to those for the 

neighborhood scale, but in a building scale context. The answer options are identical. 

How often do you greet your neighbors  

1. In social spaces in your building (e.g., cafeteria, seating areas)? 

2. In transitional areas in your building (e.g., entrances, corridors, elevators)? 

How often do you stop to talk with a neighbor 

3. In social spaces in your building (e.g., cafeteria, seating areas)? 

4. In transitional areas in your building (e.g., entrances, corridors, elevators)? 

How often 

5. Do you have people from your building come over to your home? 

6. Do you visit people in your building in their homes? 

How often do you engage in social activities 

7. In your building? 

How important or unimportant do you find your social exchanges 

8. With the people in your building? 

3.2.3 Building characteristics 
As can be seen in the definitive conceptual model (figure 3), there are three building 

characteristics that might affect building social cohesion and interaction: presence of common 

spaces, quality of common spaces, and number of residents in the building. Presence of 

common spaces is assessed by asking respondents about whether they were satisfied with the 

quantity of the social spaces in their building. Answer options range on a 7-point scale from (1) 

Strongly disagree to (7) Strongly agree. Quality of common spaces is assessed by asking 

respondents their perception of the quality of the spaces, a distinction is made between social 

spaces like cafeteria and seating areas, and transitional areas like corridors and entrances. 

Additionally, respondents are asked about how frequently the spaces are used for recreational 

purposes, and the perceived safety in both social spaces and transitional spaces. This will be 

measured on a 7-point scale ranging from (1) Strongly disagree to (7) Strongly agree. Data on 

the number of residents of a building is not available for all buildings in this study. A replacing 

factor for the number of residents is the number of apartments of each building. Data on the 

number of apartments is gathered in person, with the researcher counting mailboxes of each 

building. The assumption is made that all apartments have one mailbox.  

3.2.4 Neighborhood characteristics 
There are five identified neighborhood characteristics that possibly affect neighborhood social 

cohesion and interaction, as shown in the definitive conceptual model (figure 3). Data on the 

presence of neighborhood facilities is obtained by creating a 500-meter buffer around each 

building in QGIS, a geographic information system application. The buffer around the building 
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is used as a substitute for the neighborhood that the building is in. 500 meter roughly 

corresponds with a 6-minute walk. According to existing literature (Van den Berg, Arentze, & 

Timmermans, 2015b), facilities within a one-kilometer radius may be of influence as well, so a 

second buffer of one kilometer is created for each building. Data from OSM (OpenStreetMap, 

2020) is used, which shows the location of the selected high-rise buildings, and of the selected 

facilities. The facilities that are included here are community centers, club homes, schools, 

cafés, bars and pubs, restaurants, and supermarkets. Perceived neighborhood safety is 

assessed by asking respondents about the perceived traffic speed in the neighborhood, the 

perceived danger of traffic to pedestrians, the lighting of the streets, and how safe they feel when 

walking in the neighborhood. Answer options range on a 7-point scale from (1) Strongly disagree 

to (7) Strongly agree. The area of green open space is accurately calculated with use of QGIS, 

making use of data from OSM (OpenStreetMap, 2020) which is readily available in the 

application. It is calculated as the percentage of land use by green space in a 500-meter radius 

of each building. Perceived greenness is assessed by asking respondents how much they 

disagree or agree with the statement that they live in a green neighborhood. Answers are 

measured on a 7-point scale ranging from (1) Strongly disagree to (7) Strongly agree. Data on 

urban density is obtained from the Dutch central bureau of statistics CBS (CBS, 2018). The data 

used is address density, given in the number of addresses per square kilometer. On the smallest 

scale, data is available on 500 by 500-meter squares. For each building, data from the 

corresponding square in which it is located is selected. 

3.2.5 Individual characteristics 
Ten individual characteristics are identified, and can be found in the definitive conceptual 

model (figure 3). Participation in local organizations is assessed by asking respondents about 

the number of organizations and associations that they are a member of, and how many hours 

a week they spend on those organizations and associations. Gender of respondents is asked, 

with the answer options female, male, or other. Next to the third option is a text box for 

respondents to specify their gender. Data on the age of respondents is collected by asking them 

to what age group they belong. The answer options are 18-24 years old, 25-34 years old, 35-44 

years old, 45-54 years old, 55-64 years old, 65 years or older. The ethnicity of respondents is 

asked, with the answer options Dutch, Belgian, Turkish, Moroccan, Polish, Surinamese, 

Antillean/Aruban, and other, with the option for respondents to specify the ethnic group to 

which they belong. Health status is assessed by asking respondents how they would describe 

it, with as answer options (1) poor, (2) fair, (3) good, (4) very good, and (5) excellent. Education 

level is assessed by asking respondents what their highest completed degree of school is. The 

answer options are primary school or less, MAVO/VMBO/Lower vocational education, 

secondary vocational education, HAVO/VWO, higher professional education/bachelor, 

university/master. Respondents are also asked about their current employment status with as 

answer options employed full-time (36+ hours a week), employed part-time (12-35 hours a 

week), employed part-time (less than 12 hours a week), student, unemployed, or retired. Length 

of residence is also assessed, and a distinction is made between neighborhood and address. 

Respondents are asked about their length of residence in years. Home ownership is assessed 

by asking respondents whether their dwelling is owner-occupied or rented. Marital status is 

not observed individually, but the question about household composition does make the 

distinction between couples and single households. The assumption is made that marital status 

does not significantly impact local contacts if the difference between couples and singles is 

taken into account. 
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3.2.6 Household characteristics 
There are four identified household characteristics that possibly affect neighborhood social 

cohesion and interaction, as can be seen in the definitive conceptual model (figure 3). Data on 

the first two, household size and the presence of children are gathered through asking 

respondents about their household composition. Answer options are single person household, 

(married) couple without resident child(ren), (married) couple with resident child(ren), single 

parent household, and other. Studies by Van den Berg et al. (2015b), Völker and Flap (2007), and 

Pampalon et al. (2007) mainly observed different results between single person households and 

households consisting of multiple persons, which is why it was decided to combine these two 

characteristics into one question rather than asking about the exact number of persons in the 

household. Car availability is assessed by asking respondents if their household has one car, 

multiple cars, or no cars available to them. Household income is assessed by asking 

respondents about their household’s net income, including salary, social benefits, and pension 

income. Answer options were categorized to reduce the sensitivity of the data. The options were 

less than €1000 a month, €1001 - €2000 a month, €2001 - €3000 a month, €3001 - €4000 a month, 

more than €4000 a month, I do not know, and I would rather not say. 

3.2.7 Operationalized conceptual model 
This section has explained how the identified variables will be measured in this study. The 

operationalized definitive conceptual model (figure 4) shows an overview of the 37 independent 

variables. That is a significantly higher number of variables than the 23 mentioned at the end of 

the literature study. This is because several variables were still rather broad, and for 

operationalization they are split into more measurable variables. The quality of common 

spaces has been split up into six operationalized variables, three for social spaces and three for 

transitional areas. Participation in local organizations is split up into two operationalized 

variables: number of memberships and weekly hours spent on those organizations. Length of 

residence is measured at two scale levels, so is split into two variables. For the variable 

presence of neighborhood facilities, the facilities that are measured are bars and pubs, cafés, 

restaurants, community centers, social facilities, schools, and supermarkets. The number of 

facilities of the seven variables is counted in a 500-meter radius around the building, which 

represents the neighborhood area. In addition, the last three are counted in a 1-kilometer radius 

around the building, following the reported results by Van den Berg et. al (2015b). Lastly, the 

perceived neighborhood safety is split into four measurable variables. These 37 variables and 

the four dependent variables form the dataset that will be analyzed in the data analysis. 

3.3 Data collection 
To test the conceptual model, data of the included variables has to be obtained. Specifically, 

data on the objective living environment and the subjective perception of the living 

environment of high-rise residents was needed. Such data was not readily available, and this 

section describes how the required data was collected. First, the population and sample are 

described (section 3.3.1). Data on the variables that are measured on an individual level was 

gathered by means of field work, by distributing the survey through mailboxes of high-rise 

residents (section 3.3.2). Data on variables relating to objective neighborhood characteristics 

have been collected by use of the geographic information system QGIS, through which data 

from OpenStreetMap (2020) was extracted (section 3.3.3), and by use of the online database of 

the Central Bureau of Statistics in the Netherlands (CBS, 2018) (section 3.3.4). The section ends 

with a description of the reliability and validity of this study (section 3.3.5). 
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Figure 4 Operationalized definitive conceptual model 

3.3.1 Population and sample 
The unit of analysis for this study is the individual. The specific unit of analysis is the resident 

(aged 18+) of a high-rise building in the Netherlands. Because it was not feasible for this research 

to approach every single individual who falls into this category (due to limited time and 

resources), a study sample was defined to collect data to test the conceptual model. 

The factors that influenced the selection of the sample were the number of floors of the high-

rise residential building, variation in building environments, and the government regulations 

and guidelines in battling the Coronavirus pandemic. According to the Dutch building 

regulations (Rijksoverheid, 2021), a high-rise building is a building that requires an elevator. 

This requirement is valid for residential buildings with a residential area that is at least 12,5 

meter above the measurement level. This roughly translates to residential buildings with 5 floors 

or more. Variation in building environments ensures that the data on neighborhood 



36 
 

characteristics is heterogeneous. Heterogeneity in the data makes it more likely to find differing 

results during the analysis, which makes the data more suitable to test the conceptual model 

with. Lastly, the Coronavirus had an impact in the selection of the sample. It was strongly 

advised to limit traveling as much as possible, but the most feasible way to distribute the survey 

for this study was for the researcher to visit each building personally. Therefore, the buildings 

in the sample are mainly located in Eindhoven, and some in Tilburg. These are the two largest 

cities in Noord-Brabant in the Netherlands, both have over 200,000 inhabitants (AlleCijfers, 

2021). The high-rise buildings in Eindhoven were mostly within cycling distance for the 

researcher, to minimize travelling and adhere to the government Coronavirus guidelines at the 

time. The buildings in Tilburg were added for the sake of variation in environment of the 

residential high-rise building sample. 

The final sample consists of 32 high-rise residential buildings in Eindhoven and Tilburg in the 

Netherlands. In total, the 32 buildings comprise 3,705 apartments. The number of apartments 

per building varied between 36 and 616, with an average of 116 apartments. The number of floors 

varied from 6 to 32, with an average of 13 floors. There was variation in typology between the 

buildings. Based on the observations made at the locations of the buildings, some buildings 

have clear social spaces while others do not. However, this could not be concluded for each 

building with certainty. Figure 5 and figure 6 show the locations of the buildings in the survey, 

in Eindhoven and Tilburg respectively. 

 

Figure 5 Locations of high-rise buildings in sample: Eindhoven 
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Figure 6 Locations of high-rise buildings in sample: Tilburg 

3.3.2 Distribution of survey and definitive sample 
New data had to be collected, and a digital survey was selected as the most appropriate data 

collection method due to the subjective nature of the social topics of this study. The variables 

of the conceptual model have been operationalized (section 3.2) so that they can be properly 

measured through survey questions. The digital survey was created using LimeSurvey (2020), 

an open source online statistical survey web app. The survey was available in both English and 

Dutch, respondents could select their preferred language in the opening screen. The survey was 

approved by the Ethical Review Board of the Eindhoven University of Technology. An 

information sheet was attached to the survey, which explained the purpose of the collected data 

and how the data was pseudonymized. Every respondent was asked permission and informed 

consent before they could start answering the survey questions. 

Invitations to the survey were distributed by hand, with the researcher distributing printed 

hardcopy A4 invitations by mailbox. The invitations included a URL and a QR-code which 

linked to the online survey on the LimeSurvey website. The invitation to the survey and the 

survey itself are added in appendices A and B respectively. Every accessible mailbox of the 

approached buildings received a leaflet. Some were inaccessible due to an abundance of old mail 

or due to them being purposefully kept shut. At one building, Cliostede, the researcher was sent 

away by an angry resident so the remaining mailboxes of that building were skipped. Table 1 

shows the buildings that were selected for this study, where the survey was distributed.  

3586 high-rise residents received an invitation to the survey. Distribution took place between 

November 23rd 2020 and December 22nd 2020, and the survey closed on the 17th of January 2021. 

The overall response rate was 7.7%, there were 275 respondents in total. 84 of their surveys were 

either partial responses or missed a complete postal code, which made them unusable for the 
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analysis. After omitting the unusable surveys, the data of 191 respondents was used for the 

analysis. 

The dataset of the survey was merged with the dataset of the same buildings and their 

neighborhood containing the objective building and neighborhood variables. This was done by 

giving each building an arbitrary numeric ID in both datasets. By matching the building IDs of 

the datasets, the data were merged by building. 

Table 1 Survey distribution 

# Location Building-/streetname Apartments Approached Response Response rate 
In 
dataset 

1 Eindhoven De Parade 48 48 8 16.7% 8 

2 Eindhoven De Muzenberg 150 150 14 9.3% 13 

3 Eindhoven Cliostede 140 40 7 17.5% 6 

4 Eindhoven Porthos 108 105 11 10.5% 10 

5 Eindhoven t Hool/Echternachlaan 84 80 0 0.0% 0 

6 Eindhoven Maurits Lijnslagerstr. (1) 72 72 4 5.6% 4 

7 Eindhoven Mgr. Swinkelsstraat 36 36 6 16.7% 5 

8 Eindhoven De Greide 82 82 7 8.5% 6 

9 Eindhoven Vestedatoren 48 48 6 12.5% 4 

10 Eindhoven Onyx 136 135 15 11.1% 11 

11 Eindhoven Holland2Stay Lighting 616 608 31 5.1% 20 

12 Eindhoven Space-S B5 Torenallee 112 112 10 8.9% 10 

13 Eindhoven Gerard, Torenallee 84 84 2 2.4% 2 

14 Eindhoven Winter 60 58 8 13.8% 6 

15 Eindhoven Elzentlaan 72 71 4 5.6% 4 

16 Eindhoven Elzentlaan (2) 42 42 7 16.7% 6 

17 Eindhoven Van Gorkumlaan 55 55 7 12.7% 5 

18 Eindhoven Mortierlaan 55 55 5 9.1% 4 

19 Eindhoven Maurits Lijnslagerstr. (2) 72 72 2 2.8% 2 

20 Eindhoven Gloriantstraat 122 122 3 2.5% 3 

21 Eindhoven Badelochstraat 80 80 4 5.0% 4 

22 Eindhoven Koning Arthurlaan 80 80 1 1.3% 1 

23 Eindhoven Gerretsonplein 60 60 1 1.7% 1 

24 Eindhoven Pieter Eiffhuis 246 246 10 4.1% 10 

25 Tilburg Cenakel 72 72 18 25.0% 14 

26 Tilburg Havendijk 77 77 12 15.6% 11 

27 Tilburg De Marconist 121 121 0 0.0% 0 

28 Tilburg Kempenaarsplaats 65 65 8 12.3% 7 

29 Tilburg Sweelincklaan (1) 99 99 2 2.0% 1 

30 Tilburg Sweelincklaan (2) 99 99 2 2.0% 2 

31 Tilburg Bachflat 256 256 4 1.6% 4 

32 Tilburg Hoffmannflat 256 256 11 4.3% 7 

0 No (complete) postal code - - 45 - 0 

Total     3705 3586 275 7.7% 191 

 

3.3.3 Data extraction using QGIS 
In the geographical information system QGIS, data is collected on the number of facilities 

within a 500-meter radius and within a one-kilometer radius. The facilities that are included are 

shown in the operationalized conceptual model, see figure 4. The program is also used to collect 

data on the percentage of land within a 500-meter radius that is green open space. To gather 
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this data, a number of steps were taken which are described here. First, the OSM standard 

geographical map from OpenStreetMap was imported to QGIS using its plugin 

QuickMapServices. Using another plugin named QuickOSM, data on all apartment buildings in 

Eindhoven and Tilburg was loaded in. Additionally, the locations of the facilities community 

centers, schools, cafés, bars, pubs, restaurants, and supermarkets in Eindhoven and Tilburg 

were loaded in using QuickOSM, as was the data on land use grass. Bars and pubs in the area 

were summed up to represent a single variable. All apartment buildings which were selected for 

this study were given a unique ID that linked them to the list of buildings used for the survey. 

At this point all the required data on the neighborhood variables are loaded in. 

Next, buffers of 500 meter and 1000 meter around the selection of apartment buildings are 

created, for which the number of each facility was counted using overlap analysis in QGIS. The 

data was exported for each separate layer of data on the functions and the grass percentage. 

These files were opened and combined in Microsoft Excel, forming one dataset from all the data 

collected in QGIS. 

3.3.4 Data from the Central Bureau of Statistics of the Netherlands 
The Central Bureau of Statistics is a bureau in the Netherlands that collects and presents 

accurate information on a wide range of topics on a national level. For this study, data from the 

CBS is collected on the urban density of the neighborhoods of the buildings in this study. The 

data used is address density, given in the number of addresses per square kilometer. On the 

smallest scale, data is available on 500 by 500-meter squares. For each building, data from the 

corresponding square in which it is located is selected. Data on these squares are also the most 

compatible available data with the data on neighborhood characteristics within a 500-meter 

radius. The data of the squares are a representation of the urban density in the neighborhood 

of each building. 

3.3.5 Reliability and validity 
The reliability indicates the ability of the data collection to be consistent, and the extent to 

which the data may be affected by random errors. Regarding the data from OpenStreetMap, 

those variables are objective. The only possibility for error is due to the data being outdated or 

incomplete, but OSM is a respected source and the collected data is recent, of the year 2020. 

The same goes for the data from the CBS. Conversely, the survey data is more prone to be 

affected by other factors. The answers of respondents can be influenced by environmental 

factors. Respondents filled in the survey in their own time, after they received the invitation 

with the link to the online survey. There was no rush in completing the surveys, the high-rise 

residents who received the invitation the latest still had over three weeks to fill in the survey. 

However, there was no control whether the respondent filled in the survey individually, 

truthfully and mindfully.  

The structure of the survey could also have had an influence on the answers of respondents. The 

survey was designed to return unbiased responses. Answers ranged from negative to positive, 

because people are more prone to fill in the first answer they see when that is a positive one. 

Additionally, the survey was available in two languages (Dutch and English) and did not use 

difficult terminology, which gave more certainty that respondents were able to fully understand 

the questions. Terms like ‘social spaces’ and ‘transitional areas’ were supported by a short 

description and some easy-to-understand examples. The survey was tested by multiple persons 

beforehand to check whether the questions were easy to understand and easy to fill in, after 

which the given feedback was processed. The order of the questions was based on the attention 



40 
 

span of a person; it takes about 10 minutes to fill in the survey, and a respondent’s mindfulness 

about the questions might dwindle. This is why the survey starts with the study specific 

questions, and ends with the person specific questions. 

The internal validity of the survey questions indicate that they should represent what they are 

meant to represent. For the individual and household level, the observed characteristics are 

straightforward and require simple answers without room for error. For the operationalization 

of the variables in the conceptual model, the operationalizations of other studies were adopted. 

In some cases, like for age, common categories for the variable were used. For the questions 

regarding the perception of the respondents on certain building and neighborhood 

characteristics, a Likert scale was used to scale responses in a way that the answer options were 

easy to interpret, ranging from ‘Strongly disagree’ to ‘Strongly agree’. With the postal code as a 

linking variable, the data from the survey was linked to the data from OpenStreetMap and the 

CBS. This ensured that the data from these different sources linked up correctly in the final 

dataset. In general, it can be stated that the results of this study are internally valid. 

The external validity of the dataset indicates the generalizability of the study, and the 

representativeness of the sample. Because this research confines the sample to high-rise 

buildings in two medium-sized Dutch cities, the results are not generalizable to high-rise 

residents globally. There was no intentional selection of certain building typologies or 

neighborhoods, and the sample includes a range of building heights (between 6 and 32 floors). 

The sample represents high-rise residents in Dutch medium-sized cities, but it is expected that 

the reported results in this study are generalizable to the high-rise residents in Western cities 

of comparable size. One thing to note is that the data collection took place amid the COVID-19 

pandemic. The answers by respondents on their local social life may have been influenced by 

the governmental restrictions on social contact, but this is something that could not be 

accounted for. Questions about the influence of the pandemic on the amount of contact 

respondents had with their neighbors were included in the survey, but to validate the findings 

of this study it should be reproduced when the impact of the pandemic on daily activities has 

dissipated. 

3.4 Statistical analysis methods 
After all the data is collected and prepared, statistical analysis methods were used to gain insight 

in the relationships between variables, and ultimately to test the conceptual model. To achieve 

this goal, the operationalized definitive conceptual model (see figure 4), was analyzed. Three 

forms of analysis were used in this research: bivariate analysis, multiple regression analysis and 

path analysis. The statistical analysis software IBM SPSS Statistics 25 was used to conduct the 

first two analyses. Afterwards, a path analysis was conducted using R, version 4.1.0. 

Firstly, bivariate analyses were conducted to reduce the number of variables in the conceptual 

model, which reduces the complexity of the multiple regression models. This reduction of 

complexity happens because the independent variable with no significant relation to the 

dependent variables is omitted. To analyze the relationship between an independent variable 

and a dependent variable, one of three statistical tests was applied depending on the level of 

measurement of the variables: independent t-test, one-way ANOVA and Pearson’s product 

moment correlation. This is done for every hypothesized link between an independent and a 

dependent variable in the conceptual model. The goal of the bivariate analyses was to identify 

the neighborhood, building, individual and household characteristics that have a significant 

relationship with the perceived social cohesion and social interaction of high-rise residents, on 
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either the building or neighborhood level, according to the gathered data. The requirement for 

this is that the independent variables are significant at the 0.05 significance level with the 

dependent variable. Insignificant variables were omitted in the second statistical analysis 

technique, the multiple regression analysis. 

Following the identification of significant variables and the elimination of insignificant 

variables, multiple regression analyses were conducted in SPSS. The goal was to analyze the 

relations of sets of independent variables with the dependent variables. Stepwise regression was 

used, in which a variable from the defined set of independent variables is considered for 

addition or subtraction for each step. The order depends on the relative strength of the 

relationship between the independent variable and the dependent variable, with the variable 

with the strongest relationship being the first one to be added. It might be deleted in a following 

step, however. The process is completed when all significant independent variables are included 

in the model. The 0.05 significance level has to hold here as well, so only variables that are 

significant at the 0.05 significance level will be included in the regression model. To gain more 

insight in the importance of building and neighborhood characteristics on social cohesion and 

interaction relative to the individual and household characteristics, the addition of variables to 

the model happens in parts: First the individual and household characteristics, then the building 

characteristics, then the neighborhood characteristics. This way, three different models are 

created. For building cohesion, perceived building social interaction is added to create a fourth 

model. For neighborhood cohesion, perceived neighborhood social interaction is added in a 

similar way. The goal of the multiple regression analyses is to gain insight into what individual, 

household, building and neighborhood characteristics still have a significant relationship with 

the dependent variables, when the other identified characteristics are taken into account. With 

those results, the research questions can be answered. After the insignificant variables are 

omitted, a path analysis with the significant variables is conducted in R. A path analysis assesses 

the direct and indirect effects of the independent variables on the dependent variables. This 

means that it also takes into account the hypothesized indirect effects of the independent 

variables on neighborhood social interaction through neighborhood social cohesion and on 

neighborhood social cohesion through neighborhood social interaction. The same goes for the 

building scale level. The aim of the path analysis is to see if the assumed theoretical causal links 

between variables that follows from the multiple regression models are consistent with the data. 

3.5 Conclusion 
This chapter explains the research methods that are used to reach the research objective. It 

describes how the conceptual model was operationalized for analysis, how the data for this 

research was gathered, and how the analysis of the dataset was conducted to reach a conclusion 

that answers the research question. As the operationalized definitive conceptual model shows, 

the dataset includes 40 independent variables and four dependent variables.  

3586 high-rise residents were invited to fill in the online survey, which got a 7.7% response rate. 

After the deletion of unusable responses, the data sample includes data of 191 high-rise residents 

from 31 different high-rise residential buildings in the Netherlands. Statistical analysis is 

conducted using the assembled dataset. The forms of analysis are bivariate analysis and multiple 

regression analysis. The next chapter describes the data on each of the variables in the 

conceptual model. Chapter 5 shows the results from the bivariate analyses, and chapter 6 shows 

the results from the multiple regression analyses and path analysis. With the findings from these 

analyses, the research question is answered. 
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4. Data description 
As mentioned in the previous section, the final dataset includes data on 40 independent and 4 

dependent variables. Data on 27 of the independent variables and all 4 dependent variables is 

collected through the online survey. The 40 independent variables consist of 8 building 

characteristics, 18 neighborhood characteristics, 11 individual characteristics and 3 household 

characteristics. The following sections describe these variables in the definitive dataset. For the 

sake of clarity, the data descriptions are split up per variable group: Building characteristics 

(section 4.1), neighborhood characteristics (section 4.2), individual characteristics (section 4.3) 

and household characteristics (section 4.4). As a separate section, answers to the survey 

questions on the influence of the COVID-19 pandemic on local social contact are described 

(section 4.5). Section 4.6 describes the dependent variables with their internal consistencies. 

The chapter ends with some concluding remarks (section 4.7). 

This chapter describes the data in the final dataset. The described categories and values are 

sometimes not the same ones as the answer options in the distributed survey. The recoding that 

was conducted to get to the categories and values in the final dataset is explained in appendix 

C. 

4.1 Building characteristics 
This section describes the building characteristics in the dataset. These are seven Likert items 

(see table 2) and one other variable, which was number of apartments (see table 3). The building 

characteristics from the survey were the perceived quantity, quality, usage and safety of social 

spaces in the building, and the perceived quality, usage and safety of transitional areas in the 

building. Answers to these seven items ranged from (1) Strongly disagree to (7) Strongly agree. 

These were then translated to a score between 1 and 7. 

To gain additional insight in the role of these specific aspects of the common spaces in the 

building compared to a more general positive or negative perception on those spaces, the scores 

of the items were merged to form two additional variables. The first additional variable is the 

general perception of social spaces in the building. The scores of the questions on the perceived 

quantity, quality, usage and safety of these spaces were summed up to compute this new 

variable. It has a good internal validity, with a Cronbach’s Alpha value of 0.818. Removing any 

of the four variables would reduce the internal validity of the merged variable. The second 

additional variable represents the general perception of the transitional areas in the building. It 

contains the summed-up scores of the perceived quality and safety of these areas. The perceived 

usage was left out, as that increased the Cronbach’s Alpha of the merged variable from 0.175 to 

0.694, which is quite a high internal validity between only two items. Table 2 displays the means, 

standard deviations, and levels of measurement of the building characteristics. Table 3 shows 

the number of apartments of the buildings in the samples. Appendix D shows the distribution 

of each variable in a histogram. 

The perceived quantity of social spaces in the building received a mean score of 4.34, 

indicating that respondents were on average not satisfied not dissatisfied with the quantity of 

social spaces. The standard deviation of 1.81 and the histogram in appendix D show that answers 

are quite spread out, indicating that the satisfaction with the present social spaces varies greatly 

among residents. For the perceived quality of social spaces, respondents perceive the quality 

to be decent, leaning more towards the high end. An inspection of the histogram in appendix D 

shows that most respondents either think that the social spaces are not of high nor low quality, 

or think that the spaces are of high quality. The histogram in appendix D of the perceived 
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usage of social spaces shows an approximate normal distribution, disregarding the answers 

‘somewhat agree’ and ‘somewhat disagree’. The mean is also close to 4, the middle of the answer 

options. While ‘neither agree nor disagree’ is the most frequently occurring answer, other 

responses are evenly spread out between more frequent and less frequent perceived usage. On 

average, residents generally perceive the safety of social spaces in their building to be good. 

An inspection of the histogram in appendix D shows that negative views on the safety of these 

spaces are the few exceptions. Perceived quality of transitional areas received an average of 

5.41 with a standard deviation of 1.42, indicating a general positive view on the quality of these 

spaces. Perceived usage of transitional areas has a low mean score of 2.39 and a standard 

deviation of 1.18. This is an indication that residents generally disagree with the statement that 

the transitional areas in their building are frequently used as a place to stay. The perceived 

safety of transitional areas on the other hand is generally very good, with an average score of 

5.82 and a standard deviation of 1.18.  

Table 2 Data description interval building characteristics 

Building characteristics Mean Std. Dev Level of measurement 

Quantity social spaces 4.34 1.81 Interval (7 groups) 

Quality social spaces 4.49 1.59 Interval (7 groups) 

Usage social spaces 3.95 1.61 Interval (7 groups) 

Safety social spaces 5.14 1.41 Interval (7 groups) 

Quality transitional areas 5.41 1.44 Interval (7 groups) 

Usage transitional areas 2.39 1.42 Interval (7 groups) 

Safety transitional areas 5.82 1.18 Interval (7 groups) 

General perception social spaces 17.92 5.18 Ratio 

General perception transitional areas 11.23 2.30 Ratio 

 

Regarding the number of apartments in the building, 36.6% of the buildings has less than 75 

apartments, 41.9% has between 75 and 150 apartments, and 21.5% had over 150 apartments in 

the building. 

Table 3 Data description ordinal building characteristics 

Building characteristics Sample (N) Sample (%) Level of measurement 

Number of apartments    

<75 70 36.6% 

Ordinal (3 groups) 75-150 80 41.9% 

>150 41 21.5% 

 

4.2 Neighborhood characteristics 
This section describes the data of the neighborhood characteristics in the sample. The included 

Likert items from the survey are the perceived traffic speed in the neighborhood, perceived 

danger of traffic to pedestrians, perceived lighting of the neighborhood, perceived presence of 

open gathering places in the neighborhood and the perceived greenness of the neighborhood. 

Answers ranged from (1) Strongly disagree to (7) Strongly agree, and were given a score 

accordingly, ranging from 1 to 7. Table 4 shows the means, standard deviations and levels of 

measurement for these variables. Appendix D shows the histograms of these variables. The 

other neighborhood variables are the number of bars and pubs, cafés, restaurants, community 

centers, social facilities, schools and supermarkets within a 500-meter radius of the building, 

the number of social facilities, schools and supermarkets within 1 kilometer from the building, 
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the area of green open space in the neighborhood and the urban density of the neighborhood. 

Table 5 shows the answer distributions and levels of measurements of these variables.  

Originally, the four questions on traffic speed, danger of traffic, lighting of neighborhood streets 

and safety when walking were posed to form a measurement tool for neighborhood safety. 

However, the Cronbach’s Alpha of these items was 0.576, which indicates that the internal 

consistency is poor. Therefore, it was decided to analyze the four items separately.  

The traffic speed in the neighborhood has a mean score of 4.35, and a standard deviation of 

2.00. The mean is close to the middle answer, but the relatively high standard deviation and the 

histogram in appendix D show that the answers are very much spread out. The perceived 

danger of traffic to pedestrians has a mean of 4.21 and a standard deviation of 1.80. Here again, 

the histogram in appendix D shows that answers are very spread out, indicating that opinions 

on the danger of neighborhood traffic to pedestrians vary. Most residents agree that their 

neighborhood streets are well lit. The high mean of 5.63 and the low standard deviation of 

1,27 confirm this. The histogram shows that the majority of respondents agrees with the 

statement. Perceived safety when walking in the neighborhood shows comparable results, 

with a mean of 5.39 and a standard deviation of 1.38. Most residents appear to feel safe as a 

pedestrian in their neighborhood. The perceived quantity of open gathering places has a 

mean of 5.17 and a standard deviation of 1.49. Respondents generally tend to somewhat agree 

that there are plenty of gathering places in their neighborhood. The same goes for perceived 

greenness of the neighborhood, with a mean score of 5.04. The difference is that the answers 

here are more dispersed, as can be deducted from the higher standard deviation of 1.75. 

Table 4 Data description interval neighborhood characteristics 

Neighborhood characteristics Mean Std. Dev Level of measurement 

Traffic speed is slow in neighborhood 4.35 2.00 Interval (7 groups) 

Traffic poses no danger to pedestrians 4.21 1.80 Interval (7 groups) 

Neighborhood streets are well lit 5.63 1.27 Interval (7 groups) 

Perceived safety walking in neighborhood 5.39 1.38 Interval (7 groups) 

Plenty of open gathering places 5.17 1.49 Interval (7 groups) 

Perceived greenness of neighborhood 5.04 1.75 Interval (7 groups) 

 

Regarding the presence of facilities in the neighborhood, 38.2% of the high-rise buildings of 

residents in the sample has no bars or pubs present within a 500-meter radius. 28.3% had 1 bar 

or pub in that radius, and 33.5% had 2 or more. As table 4 shows, similar percentages were found 

for the cafés within 500 meters: 38.2%, 29.3% and 32.5% for 0, 1 and 2 or more cafés 

respectively. 50.8% of the respondents lived within a 500-meter radius of 3 or more restaurants, 

while 22.5% had none and 26.7% had 1 or 2. Only 9.9% of the respondents had a community 

center present in this radius, and for a social facility only 5.8% had one within 500 meters. 

14.1% had one within 1 kilometer from their building. 16.8% of the sample lived within a 500-

meter radius of a school. Within a 1-kilometer radius, 25.7% had 1 school nearby, 34.6% had 2 

and 14.7% had 3. 9.9% of respondents did not have a supermarket within a 500-meter radius. 

29.8% had 1 or 2, and 60.2% had 3 or more. For 1 kilometer, only 1.6% of respondents had no 

supermarkets within this radius. 28.3% had 1-3, 36.6% had 4-6, and 33.5% had 7 or more 

supermarkets within a 1-kilometer radius. As to area of green open space, which is expressed 

as the percentage of accessible grass within a 500-meter radius, 27.2% of respondents lives in an 

area with less than 5% of accessible grass as the land use. For 44.0% this percentage of accessible 

grass lies between 5% and 20%, and for 28.8% it is over 20% of accessible grass. Lastly on urban 
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density, 5.8% of the sample lives in a moderately urbanized area, for 23.6% their neighborhood 

is strongly urbanized, and for 70.7% it is extremely urbanized. This high percentage is due to 

the fact that the buildings in the sample are located in cities, where urban density is relatively 

high and high-rise residential buildings are more common than in more dispersed geographical 

areas. 

Table 5 Data description ordinal and nominal neighborhood characteristics 

Neighborhood characteristics Sample (N) Sample (%) Level of measurement 

Bars and pubs <500m    

0 73 38.2% 

Ordinal (3 groups) 1 54 28.3% 

2 or more 64 33.5% 

Cafés <500m    

0 73 38.2% 

Ordinal (3 groups) 1 56 29.3% 

2 or more 62 32.5% 

Restaurants <500m   
 

0 43 22.5% 

Ordinal (3 groups) 1-2 51 26.7% 

3 or more 97 50.8% 

Community centers <500m    

0 172 90.1% 
Nominal (2 groups) 

1 19 9.9% 

Social facilities <500m    

0 180 94.2% 
Nominal (2 groups) 

1 11 5.8% 

Schools <500m    

0 159 83.2% 
Nominal (2 groups) 

1 32 16.8% 

Supermarkets <500m   
 

0 19 9.9% 

Ordinal (3 groups) 1-2 57 29.8% 

3 or more 115 60.2% 

Social facilities <1000m    

0 164 85.9% 
Nominal (2 groups) 

1 27 14.1% 

Supermarkets <1000m   
 

0 3 1.6% 

Ordinal (4 groups) 
1-3 54 28.3% 

4-6 70 36.6% 

7 or more 64 33.5% 

Schools <1000m   
 

0 48 25.1% 

Ordinal (4 groups) 
1 49 25.7% 

2 66 34.6% 

3 28 14.7% 

Area of green open space   
 

<5% 52 27.2% 

Ordinal (3 groups) 5-20% 84 44.0% 

>20% 55 28.8% 

Urban density   
 

Moderately urbanized 11 5.8% Ordinal (3 groups) 
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Strongly urbanized 45 23.6% 

Extremely urbanized 135 70.7% 

 

4.3 Individual characteristics 
This section describes the individual characteristics of the sample dataset. These include 

membership in local organizations, weekly hours spent on local organizations, gender, age, 

ethnicity, health status, education level, employment status, length of residence at current 

address, length of residence in the neighborhood, and home ownership. Table 6 shows the 

answers on these characteristics of the 191 respondents in the survey, and the levels of 

measurement. 

Regarding membership of local organizations, of the 191 respondents 46.1% is a member of 

at least 1 local organization. 21.5% spends 1 to 3 hours as the weekly hours spent on their local 

organization, while 22.0% spends 4 hours a week or more. Assuming that residents without a 

membership do not spend any hours on local organizations, only 5.7% of the people with a local 

membership do not spend at least one hour a week on their organization. Regarding gender 

distribution, 33.5% is female and 66.5% is male. None of the respondents filled in ‘other’. This 

deviates from data on Eindhoven citizens (48.2% female, 51.2% male, 0.6% unknown) 

(AlleCijfers, 2021) and on Tilburg citizens (46.6% male, 47.0% female, 6.4% unknown) 

(AlleCijfers, 2021), as there are significantly more men than women in the sample. As to age 

distribution, 34.6% of respondents were between 18 and 34 years old, 22.0% is between 35 and 

64 years old, and 43.5% is 65 years or older. Regarding ethnicity, 79.1% of the sample is Dutch 

and 20.9% is non-Dutch. Answers regarding the specific home countries of the respondents can 

be found in appendix C, where the data recoding to a dichotomous variable is described. As to 

health status, 12.0% of respondents reported to have not so good health, 54.5% is in good 

health and 33.5% is in very good health. The education level of 5.2% of the sample is low, 27.7% 

has a medium education level and 67.0% has a high education level. The sample appears to have 

a relatively high level of education, compared to data on Eindhoven and Tilburg where 39.2% 

and 29.9% of their citizens have a high education level, respectively (AlleCijfers, 2021; 

AlleCijfers, 2021). These sources use the same division of education levels as this research. 

Regarding employment status, 39.3% works fulltime, 43.5% is retired and 17.3% does not fall 

in either category. This last group includes parttime workers, students and unemployed 

residents who are not retired. 34.0% lives at their current address since 2 or less years, for 

34.0% it is between 3 to 10 years, and 31.9% lives at their current address for 11 or more years. 

Regarding length of residence in the neighborhood, 30.9% lives there for 0-2 years, 32.5% 

for 3-10 years and 36.6% of the sample has lived in their current neighborhood for 11 or more 

years. Length of residence at current address and length of residence in the neighborhood show 

very similar results. This was to be expected, as the majority of respondents most likely lives in 

their neighborhood just as long as they live at their current address. Lastly on home 

ownership, 61.3% of the sample lives in a rented dwelling, while 38.7% lives in an owner-

occupied dwelling. 
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Table 6 Data description ordinal and nominal individual characteristics 

Individual characteristics Sample (N) Sample (%) Level of measurement 

Memberships in local organizations    

0 organizations 103 53.9% 
Nominal (2 groups) 

1 organization or more 88 46.1% 

Weekly hours spent on local organization       

0 hours a week 108 56.5% 

Ordinal (3 groups) 1-3 hours a week 41 21.5% 

4 hours a week or more 42 22.0% 

Gender    

Female 64 33.5% 
Nominal (2 groups) 

Male 127 66.5% 

Age    

18-34 years old 66 34.6% 

Ordinal (3 groups) 35-64 years old 42 22.0% 

65 years or older 83 43.5% 

Ethnicity       

Dutch 151 79.1% 
Nominal (2 groups) 

Non-Dutch 40 20.9% 

Health status    

Not so good 23 12.0% 

Ordinal (3 groups) Good 104 54.5% 

Very good 64 33.5% 

Education level      
Low 10 5.2% 

Ordinal (3 groups) Medium 53 27.7% 

High 128 67.0% 

Employment status      
Fulltime 75 39.3% 

Nominal (3 groups) Other 33 17.3% 

Retired 83 43.5% 

Length of residence at address      
0-2 years 65 34.0% 

Ordinal (3 groups) 3-10 years 65 34.0% 

11 or more years 61 31.9% 

Length of residence in neighborhood      
0-2 years 59 30.9% 

Ordinal (3 groups) 3-10 years 62 32.5% 

11 or more years 70 36.6% 

Home ownership    

Owner-occupied dwelling 74 38.7% 
Nominal (2 groups) 

Rented dwelling 117 61.3% 

 

4.4 Household characteristics 
Three variables resulted from the operationalization of the household characteristics that were 

deemed significant in existing literature. These are household composition, car availability and 

household income. Table 7 shows an overview of the data on these characteristics in the dataset. 

Regarding household composition, the distinction was made between single person households 

(40.8%) and multi-person households (59.2%). 70.7% of respondents’ households has a car 
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available for personal use, while 29.3% do not. 17.8% has a household income that falls in the 

‘below average’ category. 46.6% receives an average household income, and the household 

income of 35.6% of respondents is above average. 

Table 7 Data description ordinal and nominal household characteristics 

Household characteristics Sample (N) Sample (%) Level of measurement 

Household composition    

Single person household 78 40.8% 
Nominal (2 groups) 

Multi-person household 113 59.2% 

Car availability    

Yes 135 70.7% 
Nominal (2 groups) 

No 56 29.3% 

Household income   
 

Below average 34 17.8% 

Ordinal (3 groups) Average 89 46.6% 

Above average 68 35.6% 

 

4.5 Influence of the COVID-19 pandemic on local social contact 
The respondents of the survey were asked what influence the COVID-19 pandemic has had on 

their contact with their neighbors in their building and in their neighborhood. Answer options 

ranged from (1) Much less contact to (7) Much more contact. Table 8 shows the mean scores 

and the standard deviations of these two Likert items. 

The influence of the pandemic on social contact in the building has a mean score of 2.87, 

with a standard deviation of 1.28. This means that residents on average feel like they have 

somewhat less contact with the other residents in the building since the COVID-19 pandemic. 

However, the histogram in figure 7 shows that the most frequent response is that the pandemic 

had no influence on contact with other people in the building. Somewhat less, less, and much 

less contact are all other common responses, and mentions of an increase in contact are the 

exceptions. The influence on social contact with other people in the neighborhood has a 

mean score of 2.85, almost the same as at building level. The standard deviation is 1.37, 

indicating slightly more variance in responses. This is confirmed by the histogram in figure 8. 

No influence is the most common response here as well, even more frequent than at building 

level. Somewhat less is a less popular answer, and much less contact is more frequent than at 

building level. In general, this shows that the COVID-19 pandemic is likely to have had a 

negative impact on the contact between neighbors, both at building and at neighborhood level. 

Table 8 Data description interval COVID-19 pandemic variables 

COVID characteristics Mean Std. Dev Level of measurement 

Influence COVID-19 Building 2.87 1.28 Interval (7 groups) 

Influence COVID-19 Neighborhood 2.85 1.37 Interval (7 groups) 
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Figure 7 Histogram of the influence of the COVID-19 pandemic on building social contact 

 

Figure 8 Histogram of the influence of the COVID-19 pandemic on neighborhood social contact 

4.6 Dependent variables 
This study includes four dependent variables: Perceived building social interaction, perceived 

neighborhood social interaction, perceived building social cohesion and perceived 

neighborhood social cohesion. The way the scores of these variables are established is described 

in section 3.2. Table 9 shows the number of items for each dependent variable, with the 

Cronbach’s Alpha, the minimum and maximum values, and the means and standard deviations. 

The Cronbach’s Alpha is an indication of the internal validity of the variable. The value lies 
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between 0 and 1, where a value closer to 1 indicates better internal validity. In general, a 

Cronbach’s Alpha above 0.7 is considered decent, above 0.8 is considered good, and above 0.9 

is considered excellent. 

Perceived building social interaction has a Cronbach’s Alpha of 0.831, indicating a good 

internal validity. This means that the eight Likert items that formed this variable show 

coherence, and most likely represent a good measurement of perceived building social 

interaction. The score range is between 8 and 64. As table 9 shows, there are respondents with 

the minimum and maximum possible scores. The mean score is 31.09, with a standard deviation 

of 11.91. As the histogram in appendix D shows, the variable values approximately follow a 

normal distribution. The perceived neighborhood social interaction is measured with the 

same eight Likert questions, only relating to the neighborhood rather than the building. With 

a Cronbach’s Alpha of 0.813, this variable shows good internal validity as well. The mean is 27.51 

and the standard deviation is 11.74. The histogram in appendix D shows that the variable follows 

an approximate normal distribution. Because the variable is measured through similar 

questions as the variable at building scale, the descriptive is somewhat comparable. While 

standard deviations are very similar, the perceived social interaction at neighborhood scale is 

3.58 point lower than the perceived social interaction at building scale. The perceived building 

social cohesion is measured with the 18-item instrument by Buckner (1988). Scores range 

between 18 and 90. The lowest score a respondent had was 23, while the highest was the highest 

possible, 90. The mean score is 59.49 with a standard deviation of 13.25. As can be seen in 

appendix D, the variable has an approximate normal distribution. Perceived neighborhood 

social cohesion is measured with the same instrument. Scores of respondents varied between 

21 and 88 with a mean of 55.84 and a standard deviation of 12.68. The histogram in appendix D 

shows that the variable is approximately normally distributed as well. Noticeable is that the 

perceived social cohesion at neighborhood level is a few points lower than at building level, 

similar to the perceived social interaction. The difference between the two is 3.65 points. 

Table 9 Data description dependent variables 

Dependent variable N of items Cronbach's Alpha Minimum Maximum Mean St. dev. 

Building social interaction 8 0.831 8 64 31.09 11.91 

Neighborhood social interaction 8 0.813 8 61 27.51 11.74 

Building social cohesion 18 0.925 23 90 59.49 13.25 

Neighborhood social cohesion 18 0.925 21 88 55.84 12.68 

 

4.7 Conclusion 
This chapter describes the data in the final dataset after recoding, used for the analysis in this 

study. An explanation of how the original data was recoded can be found in appendix C. 

Histograms on several variables are reported in appendix D. The used sample includes data on 

several individual, household, building and neighborhood characteristics of 191 high-rise 

residents in Eindhoven and Tilburg, living in 31 different high-rise residential buildings. This 

chapter provides an overview of the data that was used, and of the profile of the high-rise 

residents in the sample. The most noticeable aspects of the sample are that a majority of the 

respondents is male, and most respondents have a high education level. 
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5. Bivariate analyses 
This study aims to gain a better understanding of the individual, household, building and 

neighborhood characteristics that affect perceived social interaction and cohesion at both 

building and neighborhood level. To do this, the dataset described in the previous chapter is 

analyzed through statistical analysis. The methods used are bivariate analyses and multiple 

regression analysis. This chapter reports the results of the bivariate analyses. The goal of the 

bivariate analyses is to seek out which variables significantly relate to which dependent variables 

when only one pair of an independent and a dependent variable is considered at a time. The 

independent variables that are significantly related to a dependent variable with a p-value of 

0.05 or lower are included in the following multiple regression analysis of that dependent 

variable. The insignificant independent variables are omitted from further analysis. At the end 

of the bivariate analyses, there is one group of significant variables for each of the four 

dependent variables. 

The statistical tests used in the bivariate analysis are the independent t-test, one-way ANOVA 

and Pearson’s product-moment correlation. Which test is conducted depends on the 

measurement level of the independent variable in consideration. Independent t-tests are 

conducted for the nominal independent variables with two unrelated groups. One-way ANOVA 

is carried out for nominal independent variables with three groups or more, and for ordinal 

independent variables for which the groups are treated as independent groups. Pearson’s 

product-moment correlation is the chosen statistical test for the independent variables with 

interval as their level of measurement. 

The next section (section 5.2) discusses the bivariate analyses of the building characteristics. 5.3 

discusses neighborhood characteristics, then individual characteristics (section 5.4), household 

characteristics (section 5.5), COVID-19-related variables (section 5.6) and the bivariate analyses 

between the four dependent variables (section 5.7). The chapter ends with a conclusion (section 

5.8). To avoid unnecessary repetition, perceived building social interaction and perceived 

neighborhood social interaction are shortened to building interaction and neighborhood 

interaction. Perceived building social cohesion and perceived neighborhood social cohesion are 

shortened to building cohesion and neighborhood cohesion. All tables regarding the analysis 

results highlight results which are statistically significant in green. Light-green indicates p-

values below 0.05, and dark-green indicates p-values below 0.01. 

5.1 Building characteristics 
The Pearson product-moment correlations of the interval variables with the dependent 

variables are summarized in table 10. Table 11 shows the results of the one-way ANOVA test for 

the number of apartments. 

The perceived quantity, quality, usage and safety of social spaces in the building were 

found to be significantly related to both building interaction and building cohesion at a 0.01 

significance level. The positive correlations indicate that high-rise residents who are more 

satisfied with the quantity of social spaces in their building and who perceive those social spaces 

to be of higher quality, more frequently used and safer experience higher levels of building 

interaction and cohesion than other residents. The quantity of transitional areas correlates 

positively with building cohesion on the 0.01 level, and with neighborhood cohesion at the 0.05 

significance level. This is an indication that residents who perceive the quality of the transitional 

areas in their building to be higher experience higher levels of cohesion on both building and 

neighborhood level. Usage of transitional areas is significantly positively correlated with all 
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four dependent variables at the 0.01 level. High-rise residents who perceive the transitional areas 

in their building to be used as a place to stay more often experience higher levels of social 

interaction and cohesion on both building and neighborhood level. The safety of transitional 

areas is only significant with building cohesion, at the 0.05 significance level. This indicates a 

positive relationship between the two. The number of apartments in the building is related to 

both building interaction and cohesion at the 0.01 significance level. Table 11 shows that the 

mean scores of building interaction and cohesion are highest for buildings with fewer than 75 

apartments, and lowest for buildings with 75 to 150 apartments. A generally positive perception 

of the social spaces of the building is significantly related to both building interaction and 

cohesion at the 0.01 significance level, and with neighborhood cohesion on the 0.05 significance 

level. The general perception of the transitional areas is positively correlated with building 

cohesion. 

Table 10 Pearson’s product-moment correlations of building characteristics 

 Building interaction 
Neighborhood 

interaction Building cohesion 
Neighborhood 

cohesion 

Pearson's Rho r Sig. (2-tailed) r Sig. (2-tailed) r Sig. (2-tailed) r Sig. (2-tailed) 

Quantity social 
spaces 

0.265 0.000 0.042 0.563 0.203 0.005 0.097 0.182 

Quality social 
spaces 

0.245 0.001 0.064 0.380 0.261 0.000 0.118 0.105 

Usage social 
spaces 

0.291 0.000 0.118 0.104 0.200 0.006 0.141 0.051 

Safety social 
spaces 

0.242 0.001 0.017 0.811 0.243 0.001 0.109 0.134 

Quality 
transitional areas 

0.118 0.105 0.042 0.569 0.324 0.000 0.165 0.022 

Usage transitional 
areas 

0.227 0.002 0.207 0.004 0.248 0.001 0.267 0.000 

Safety transitional 
areas 

0.111 0.125 -0.032 0.664 0.168 0.020 -0.007 0.926 

General 
perception social 

spaces 

0.324 0.000 0.076 0.298 0.279 0.000 0.143 0.048 

General 
perception 

transitional areas 

0.131 0.072 0.010 0.895 0.288 0.000 0.099 0.171 

 

Table 11 One-way ANOVA of building characteristics 

  Building interaction 
Neighborhood 

interaction Building cohesion 
Neighborhood 

cohesion 

Number of 
apartments 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

9.07 0.000 0.73 0.482 6.71 0.002 1.02 0.362 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

<75 70 35.09 12.33 28.86 11.72 63.63 14.13 55.96 12.96 

75-150 80 27.18 9.11 26.85 11.77 55.91 12.03 54.60 12.83 

>150 41 31.93 13.73 26.51 11.79 59.41 12.19 58.07 11.84 

 

5.2 Neighborhood characteristics 
This section reports the results of the bivariate analyses of the neighborhood characteristics 

with the dependent variables. The results of the independent t-tests and Pearson’s product-
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moment correlations are reported in table 12. The results of the one-way ANOVA tests with the 

F-values, means and standard deviations of the groups are shown in table 13.  

The perceived traffic speed in the neighborhood has a significant negative correlation with 

building cohesion. This indicates that high-rise residents who agree that the traffic speed in 

their neighborhood is slow, experience lower levels of social cohesion at building level. The 

variables perceived danger of neighborhood traffic, neighborhood streets are well lit, 

perceived safety walking in neighborhood and plenty of open gathering places do not 

have a significant correlation with any of the dependent variables. Perceived greenness of the 

neighborhood is positively correlated with all four dependent variables at a 0.01 significance 

level. High-rise residents who perceive their neighborhood to be green experience higher levels 

of social interaction and cohesion at both a building and a neighborhood level. 

The presence of a community center within a 500-meter radius of the building does not 

relate to any of the dependent variables. The presence of a social facility does. Within 500 

meters, it is significantly related to building interaction and cohesion. Within 1 kilometer this 

is also the case, and it is also significantly related to neighborhood interaction and cohesion. A 

one-way ANOVA test shows that the number of bars and pubs within 500 meters is 

significantly related to building interaction, neighborhood interaction and building cohesion at 

the 0.05 level. The means in table 14 show that residents of high-rise buildings with 2 or more 

bars and pubs in a 500-meter radius experience lower levels of social interaction at building and 

neighborhood level, and experience lower levels of building cohesion. Similarly, the presence of 

2 or more cafés within 500 meters also negatively correlates with the four dependent variables, 

at the 0.01 significance level. The presence of 3 or more restaurants within 500 meters 

negatively relates to building interaction at the 0.01 significance level, and to building cohesion 

at the 0.05 level. The number of supermarkets within 500 meters does not significantly relate 

to any dependent variable. In a 1-kilometer radius, however, the number of supermarkets is 

significantly related to building interaction and cohesion at the 0.05 level. An inspection of the 

means shows that residents of buildings with 7 or more supermarkets nearby experience lower 

levels of social interaction and cohesion at building level. The number of schools within 500 

meters is not related to any of the four dependent variables but in a 1-kilometer radius, it is 

related to building interaction and cohesion, and neighborhood cohesion. The means show a 

general negative correlation between the number of schools and the perceived social interaction 

at building level, and between the number of schools and the perceived social cohesion at both 

building and neighborhood level. Area of green open space is significantly related to building 

interaction and cohesion at the 0.01 significance level. The means show that residents of 

buildings with a low percentage of accessible green in their neighborhood experience lower 

levels of building interaction and cohesion. Urban density is related to building interaction 

and cohesion as well, where the means show a negative trend of both building interaction and 

building cohesion for higher density areas. 
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Table 12 Pearson’s product-moment correlations of neighborhood characteristics 

Pearson's Rho r Sig. (2-tailed) r Sig. (2-tailed) r Sig. (2-tailed) r Sig. (2-tailed) 

Traffic speed is 
slow in 

neighborhood 

-0.089 0.220 -0.096 0.184 -0.205 0.004 -0.116 0.109 

Traffic poses no 
danger to 

pedastrians 

0.019 0.795 -0.005 0.943 -0.025 0.727 -0.035 0.627 

Neighborhood 
streets are well 

lit 

0.027 0.711 -0.099 0.173 0.013 0.857 -0.114 0.115 

Perceived safety 
walking in 

neighborhood 

-0.075 0.300 -0.063 0.389 0.000 1.000 -0.018 0.807 

Plenty of open 
gathering places 

-0.004 0.958 0.046 0.530 0.079 0.279 0.135 0.063 

Perceived 
greenness of 

neighborhood 

0.263 0.000 0.214 0.003 0.333 0.000 0.214 0.003 

 

Table 13 Independent t-tests of neighborhood characteristics 

  

Building 
interaction 

Neighborhood 
interaction Building cohesion 

Neighborhood 
cohesion 

Community centers <500m 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

0.56 0.574 0.30 0.762 0.74 0.463 0.82 0.413 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 172 31.26 11.78 27.60 11.62 59.73 13.19 56.09 12.57 

1 19 29.63 13.34 26.74 13.06 57.37 14.02 53.58 13.72 

Social facilities <500m 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

-2.24 0.026 -1.15 0.252 -2.29 0.023 -1.44 0.151 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 180 30.62 11.59 27.27 11.75 58.96 13.21 55.52 12.61 

1 11 38.82 14.82 31.45 11.34 68.27 11.19 61.18 13.20 

Schools <500m 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

0.37 0.709 -1.08 0.280 1.08 0.282 0.84 0.402 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 159 31.24 12.35 27.10 11.56 59.96 13.41 56.19 12.74 

1 32 30.38 9.60 29.56 12.57 57.19 12.39 54.13 12.42 

Social facilities <1000m 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

-2.05 0.042 -2.55 0.012 -2.18 0.031 -2.39 0.018 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 164 30.38 11.56 26.65 11.54 58.65 13.21 54.96 12.57 

1 27 35.41 13.27 32.78 11.78 64.59 12.58 61.19 12.23 

 

Table 14 One-way ANOVA of neighborhood characteristics 

  Building interaction 
Neighborhood 

interaction Building cohesion 
Neighborhood 

cohesion 

Bars and pubs <500m 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

4.43 0.013 3.34 0.038 4.33 0.015 1.34 0.265 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 
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0 73 33.62 12.53 28.41 11.61 60.81 12.39 55.15 12.19 

1 54 31.69 11.26 29.80 11.86 62.24 14.31 58.20 14.37 

2 or more 64 27.72 11.07 24.56 11.36 55.67 12.59 54.64 11.58 

Cafés <500m 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

6.56 0.002 6.59 0.002 8.78 0.000 4.70 0.010 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 73 33.62 12.53 28.41 11.61 60.81 12.39 55.15 12.19 

1 56 32.61 11.42 30.86 11.69 63.66 13.02 59.89 13.36 

2 or more 62 26.76 10.50 23.44 10.90 54.18 12.89 53.00 11.84 

Restaurants <500m 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

5.37 0.005 0.99 0.372 3.06 0.049 0.07 0.935 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 43 34.19 11.54 29.09 11.06 60.49 11.31 56.16 13.04 

1-2 51 33.65 12.34 28.37 11.83 62.78 14.46 55.29 12.27 

3 or more 97 28.38 11.32 26.36 11.98 57.32 13.11 55.99 12.85 

Supermarkets <500m 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

2.08 0.128 1.45 0.236 0.69 0.502 1.29 0.277 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 19 36.05 10.01 31.37 11.24 62.21 8.63 60.21 10.23 

1-2 57 31.42 11.43 28.09 11.89 58.18 13.72 54.98 13.82 

3 or more 115 30.11 12.30 26.59 11.69 59.70 13.65 55.55 12.40 

Supermarkets <1km 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

3.22 0.024 1.75 0.159 3.39 0.019 1.15 0.330 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 3 28.00 6.08 28.33 11.72 62.33 10.60 63.33 12.66 

1-3 54 33.78 11.84 27.61 10.65 62.52 12.73 56.31 12.75 

4-6 70 32.37 12.71 29.66 12.97 60.80 13.69 57.04 13.30 

7 or more 64 27.58 10.53 25.05 10.96 55.38 12.54 53.78 11.84 

Schools <1km 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

7.38 0.000 2.17 0.093 7.42 0.000 3.11 0.028 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 48 34.38 12.30 30.83 11.08 64.38 13.83 59.33 14.58 

1 49 35.27 12.38 26.31 11.78 62.94 12.55 56.22 11.33 

2 66 27.89 11.31 27.33 12.28 55.85 11.77 55.35 11.75 

3 28 25.71 7.01 24.36 10.64 53.68 12.57 50.36 12.11 

Area of green open 
space <500m 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

7.04 0.001 2.72 0.069 8.45 0.000 0.76 0.468 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

<5% 52 26.27 10.01 24.60 11.72 53.83 11.72 54.48 11.93 

5-20% 84 31.89 11.61 29.38 12.21 60.14 12.84 57.08 13.09 

>20% 55 34.44 12.74 27.42 10.59 63.85 13.57 55.24 12.76 

Urban density 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

11.62 0.000 1.79 0.169 6.66 0.002 0.36 0.699 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Moderately 
urbanized 

11 43.64 11.92 30.09 11.53 70.82 11.02 56.55 11.62 

Strongly 
urbanized 

45 34.67 10.64 29.98 11.51 62.24 13.05 57.16 13.09 

Extremely 
urbanized 

135 28.88 11.46 26.48 11.76 57.65 12.95 55.35 12.67 
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5.3 Individual characteristics 
The tests conducted for the individual characteristics in the dataset are independent t-tests 

(table 15) and one-way ANOVA. Table 16 shows the results of the latter, with the F-values, means 

and standard deviations. 

High-rise residents who have a membership at a local organization experience significantly 

higher levels of building interaction and cohesion, and neighborhood interaction and cohesion. 

This is also reflected by the weekly hours spent on local organizations, according to the one-

way ANOVA results. An inspection of the means in table 16 shows that the largest discrepancy 

is between residents who spend 4 hours or more per week on their local organization, and 

residents who spend less. Gender was not found to relate to any of the four dependent variables. 

Age has a positive relationship with all four dependent variables, indicating that residents in 

older age groups experience higher levels of social cohesion and interaction on both scale levels. 

Ethnicity relates to building interaction and cohesion on the 0.01 significance level, and to 

neighborhood interaction at the 0.05 level. Being Dutch is positively associated with these 

dependent variables. Health status is negatively related to building interaction and cohesion, 

and neighborhood cohesion. The means show that high-rise residents who perceive their own 

health to be very good experience lower levels of social interaction at building level, and of social 

cohesion at both building and neighborhood level. High-rise residents with a high education 

level score significantly lower on all four dependent variables than residents with a low or 

medium level of education. Employment status is significantly related to all four dependent 

variables. An inspection of the means shows that retired residents experience higher levels of 

social interaction and cohesion at both building and neighborhood level, compared to residents 

who are not retired. Length of residence at current address and in the neighborhood are both 

significantly related to all four dependent variables. There is a clear increase in the means 

between the groups, with residents who have lived for 11 years or more at their current address 

or in their neighborhood to experience significantly higher levels of social interaction and 

cohesion at both scale levels. Lastly, home ownership is positively related to building 

interaction and cohesion, indicating that people who live in rented dwellings experience 

relatively lower levels of building interaction and cohesion. 

Table 15 Independent t-tests of individual characteristics 

  

Building 
interaction 

Neighborhood 
interaction Building cohesion 

Neighborhood 
cohesion 

Local membership 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

-4.23 0.000 -4.29 0.000 -5.03 0.000 -3.36 0.001 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 organizations 103 27.86 10.78 24.29 10.99 55.29 13.28 53.07 12.67 

1 organization or more 88 34.88 12.12 31.28 11.52 64.41 11.47 59.09 11.96 

Gender 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

1.29 0.199 0.88 0.382 1.77 0.078 0.88 0.378 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Female 64 32.66 12.30 28.56 11.96 61.88 11.72 56.98 12.48 

Male 127 30.31 11.68 26.98 11.64 58.29 13.85 55.27 12.78 

Ethnicity 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

4.33 0.000 2.01 0.046 3.62 0.000 1.53 0.128 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Dutch 151 32.70 12.03 28.38 11.86 61.23 13.34 56.56 12.84 
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Non-Dutch 40 25.03 9.34 24.23 10.79 52.95 10.74 53.13 11.79 

Home ownership 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

3.45 0.001 1.78 0.076 4.58 0.000 1.76 0.080 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Owner-occupied 
dwelling 

74 34.73 11.70 29.41 11.46 64.74 12.77 57.86 12.25 

Rented dwelling 117 28.79 11.51 26.32 11.80 56.17 12.51 54.56 12.83 

 

Table 16 One-way ANOVA of individual characteristics 

  Building interaction 
Neighborhood 

interaction Building cohesion 
Neighborhood 

cohesion 

Weekly hours spent 
on local organizations 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

8.01 0.000 9.49 0.000 12.12 0.000 6.95 0.001 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0 hours 108 28.69 11.18 25.13 11.73 55.81 13.13 53.33 12.18 

1-3 hours 41 31.34 11.10 27.12 10.09 61.98 10.87 56.54 12.79 

4 hours or 
more 42 

37.05 12.63 34.02 11.01 66.55 12.47 61.62 12.12 

Age 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

39.28 0.000 17.69 0.000 50.09 0.000 18.06 0.000 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

18-34 years old 66 24.23 8.59 22.33 10.25 50.83 10.29 50.70 11.80 

35-64 years old 42 27.62 10.36 25.48 10.88 56.07 12.44 52.60 12.80 

65 years or 
older 

83 38.31 10.94 32.66 11.23 68.11 10.21 61.58 10.95 

Health status 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

2.44 0.090 2.28 0.105 4.99 0.008 3.63 0.028 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Not so good 23 32.65 11.36 31.48 11.14 62.26 10.75 61.22 8.57 

Good 104 32.38 12.56 27.85 12.77 61.44 13.32 56.29 13.32 

Very good 64 28.44 10.68 25.55 9.77 55.33 13.14 53.19 12.28 

Education level 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

6.39 0.002 2.99 0.052 6.23 0.002 5.76 0.004 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Low 10 32.50 11.95 31.30 10.33 66.90 7.23 63.90 7.75 

Medium 53 35.77 13.12 30.26 11.96 63.55 14.33 59.19 14.82 

High 128 29.05 10.87 26.08 11.56 57.23 12.60 53.83 11.50 

Employment status 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

35.16 0.000 17.32 0.000 51.01 0.000 17.11 0.000 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Fulltime 75 25.16 8.50 23.72 10.31 52.51 10.56 51.27 12.29 

Other 33 26.88 11.08 22.91 11.53 52.88 12.57 52.03 12.10 

Retired 83 38.13 11.23 32.77 11.04 68.43 10.07 61.49 11.02 

Length of residence 
at current address 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

14.91 0.000 5.68 0.004 15.84 0.000 4.28 0.015 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0-2 years 65 26.17 9.43 24.23 10.91 53.94 10.86 52.89 11.08 

3-10 years 65 30.52 11.95 27.42 12.53 58.72 13.97 55.49 15.18 
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11 years or 
more 

61 36.95 11.86 31.11 10.82 66.23 11.92 59.36 10.48 

Length of residence 
in neighborhood 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

15.52 0.000 8.68 0.000 20.32 0.000 7.97 0.000 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

0-2 years 59 26.36 9.76 23.95 11.00 53.10 11.02 52.20 10.94 

3-10 years 62 29.18 10.89 26.00 11.01 57.77 13.54 54.19 14.65 

11 years or 
more 

70 36.79 12.27 31.86 11.76 66.40 11.56 60.37 10.84 

 

5.4 Household characteristics 
There are three household characteristics for which the bivariate analyses were conducted. 

Independent t-tests were carried out for household composition and car availability (table 17). 

Table 18 shows the results of the one-way ANOVA for household income, with the F-value, mean 

and standard deviation. Household composition was found to be significantly related to social 

interaction at both building and neighborhood level, at the 0.05 significance level. According to 

the results, households consisting of multiple persons experience higher levels of social 

interaction than single person households. Car availability was positively related to building 

interaction and neighborhood interaction at the 0.05 significance level, and positively related 

to building cohesion at the 0.01 significance level. This indicates that high-rise residents who 

have a car available to them for personal use experience higher levels of social interaction in the 

building and neighborhood, and higher levels of building social cohesion as well. Household 

income was found to significantly relate to building interaction. The means show that 

households with an average income experience higher levels of social interaction in the 

building, especially compared to households with an income below average. 

Table 17 Independent t-tests of household characteristics 

  

Building 
interaction 

Neighborhood 
interaction Building cohesion 

Neighborhood 
cohesion 

Household composition 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

-2.07 0.039 -1.98 0.049 -1.49 0.139 -1.63 0.105 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Single person 
household 

78 28.96 11.48 25.50 11.38 57.78 12.69 54.05 11.11 

Multiperson household 113 32.57 12.03 28.90 11.83 60.67 13.56 57.08 13.56 

Car availability 
t 

Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

t 
Sig. (2-
tailed) 

2.28 0.023 2.04 0.042 3.15 0.002 1.16 0.249 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Yes 135 32.35 12.40 28.62 11.94 61.39 13.60 56.53 12.87 

No 56 28.07 10.13 24.84 10.87 54.91 11.23 54.20 12.16 

 

Table 18 One-way ANOVA of household characteristics 

  Building interaction 
Neighborhood 

interaction Building cohesion 
Neighborhood 

cohesion 

Household income 
F 

Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

F 
Sig. (2-
tailed) 

3.59 0.029 1.56 0.213 1.21 0.301 0.88 0.416 

  N Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 
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Below 
average 

34 27.88 10.39 24.85 11.51 56.88 12.36 55.59 11.01 

Average 89 33.45 12.26 28.90 11.89 60.89 13.03 57.07 13.31 

Above 
average 

68 29.62 11.71 27.03 11.55 58.97 13.91 54.37 12.62 

 

5.5 Influence of the COVID-19 pandemic on local social contact 
Because the research took place during the COVID-19 pandemic in the Netherlands, it was 

decided to include questions in the survey regarding the influence of the pandemic on the local 

social contact of the respondents. The next section discusses the results of the bivariate analyses 

of these two variables with the dependent variables. Table 19 shows the Pearson’s product-

moment correlations. 

5.5.1 Correlation between the COVID-19 impact and the dependent variables 
The perceived influence of the COVID-19 pandemic on social contact with other 

residents in the building was negatively correlated with social interaction on both building 

and neighborhood level at a 0.01 significance level, and to building cohesion at a 0.05 level. 

Regarding the influence of COVID-19 on social contact with other people in the 

neighborhood, a perceived decrease of contact was linked to residents with higher levels of 

social interaction at both building and neighborhood level, and with higher levels of 

neighborhood cohesion. These correlations indicate that the pandemic has had the biggest 

negative impact on residents who experience higher levels of social interaction, at both scale 

levels. Regarding social cohesion, a perceived decrease of social contact due to the pandemic is 

linked to residents with significantly higher levels of social cohesion at the respective scale 

levels, as the results in table 19 show. 

Table 19 Pearson’s product-moment correlations of COVID-19 pandemic variables 

 
Building 

interaction 
Neighborhood 

interaction Building cohesion 
Neighborhood 

cohesion 

Pearson's Rho r 
Sig. (2-
tailed) r 

Sig. (2-
tailed) r 

Sig. (2-
tailed) r 

Sig. (2-
tailed) 

Influence COVID-19 
Building 

-0.283 0.000 -0.263 0.000 -0.147 0.042 -0.132 0.069 

Influence COVID-19 
Neighborhood 

-0.232 0.001 -0.296 0.000 -0.093 0.201 -0.196 0.007 

 

5.5.2 Bivariate analysis between the COVID-19 variables and the independent variables 
To gain insight into what building, neighborhood, individual and household characteristics 

correlate with a stronger decrease of social contact due to the COVID-19 pandemic, a bivariate 

analysis was carried out with the COVID-19 variables as the two dependent variables. The 

resulting tables are added to appendix E. Residents aged 65 years or older indicated that they 

feel like the pandemic has decreased their social contact on both scale levels more than other 

age groups. Likewise, the pandemic has had a bigger impact on retired residents than on those 

with a different employment status. A reason for this may be that older residents are more 

dependent on local social ties. With those being cut off due to the pandemic, this is felt the 

most by older residents. Furthermore, this age group has the biggest risk of becoming extremely 

ill due to the coronavirus. They should be the most careful and adhere to the government 

regulations. This means that their social contact in general is decreased even more than that of 

other age groups. 
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Non-Dutch residents also feel a larger negative impact on their local social life at neighborhood 

level, compared to Dutch residents. Residents of high-rise buildings with fewer apartments only 

experience somewhat of a reduction of neighborhood interaction, compared to residents of 

buildings with more apartments. People who perceive their streets to be well lit, and their 

neighborhoods and transitional areas to be safe, experience less of a reduction in neighborhood 

contact than others. People who live near a community center experience less of a reduction in 

neighborhood contact than those who do not. Conversely, the presence of a social facility in the 

neighborhood is linked to a larger reduction in neighborhood contact. This result may be due 

to the limited group size of people living near a community center or social facility. However, it 

does make sense that people living near a social facility are not able to visit during the COVID-

19 pandemic, which reduces local social contact. Interestingly, residents who do not live near a 

school experience a greater decrease in social contact on both neighborhood and building level 

compared to residents who do. A reason that this is not the other way around may be that most 

of the high-rise residents do not have children of their own, so the decrease in social contact 

due to schools being closed does not apply to them.  

5.6 Dependent variables 
The four dependent variables perceived building social interaction, perceived neighborhood 

social interaction, perceived building social cohesion and perceived neighborhood social 

cohesion are all measured on a ratio level, as their values are the combined scores of the 

corresponding Likert questions in the survey. Table 20 shows the Pearson’s product-moment 

correlations between the four variables. 

As table 20 shows, all four dependent variables are positively correlated with each other. The 

strongest positive correlations are found between building interaction and cohesion, 

neighborhood interaction and cohesion, building and neighborhood interaction, and building 

and neighborhood cohesion. Unsurprisingly, the correlation coefficients between building 

interaction and neighborhood cohesion, and neighborhood interaction and building cohesion 

are slightly lower. While these correlations may be due to some overlap between the variables, 

there are clear differences between the instruments used to measure social interaction and 

cohesion that they can be assumed to represent different elements of a high-rise resident’s social 

life. There are also clear differences between the variables at building and neighborhood level, 

as each question on these variables in the survey relates to one scale level specifically. Because 

social interaction is seen by existing literature as a predictor for social cohesion (Kearns & 

Forrest, 2000), this direction of the relationship is adopted for this research as well. The multiple 

regression analysis of perceived building social cohesion will include building interaction in the 

model, and the analysis of perceived neighborhood social cohesion will include neighborhood 

interaction. 

Table 20 Pearson’s product-moment correlations dependent variables 

 

Building 
interaction 

Neighborhood 
interaction 

Building 
cohesion 

Neighborhood 
cohesion 

Pearson's Rho r 
Sig. (2-
tailed) r 

Sig. (2-
tailed) r 

Sig. (2-
tailed) r 

Sig. (2-
tailed) 

Building social 
interaction 

    0.657 0.000 0.715 0.000 0.534 0.000 

Neighborhood social 
interaction 

0.657 0.000     0.593 0.000 0.685 0.000 

Building social 
cohesion 

0.715 0.000 0.593 0.000     0.738 0.000 
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Neighborhood social 
cohesion 

0.534 0.000 0.685 0.000 0.738 0.000     

 

5.7 Conclusion 
The bivariate analyses of all variables in the conceptual model have resulted in four groups of 

variables that are significantly related to a dependent variable when compared one-on-one. 

Table 21 shows the found relationships between the independent and dependent variables. A 

plus indicates a positive correlation, a minus indicates a negative correlation. No sign is used 

for the categorical variables where no direction was found, but there were significant differences 

between the means of the groups of the variable. Only the variables with a significant 

relationship to the dependent variable are included in the multiple regression analysis for that 

dependent variable. 30 variables are included in the analysis of perceived building social 

interaction. This is the case for 15 variables related to perceived neighborhood social interaction, 

33 variables related to perceived building social cohesion (including building interaction) and 

16 variables related to perceived neighborhood social cohesion (including neighborhood 

interaction). 

Table 21 Significant relationships with dependent variables 

 
Building 
interaction 

Neighborhood 
interaction 

Building 
cohesion 

Neighborhood 
cohesion 

Building characteristics   
  

Quantity social spaces +   +   

Quality social spaces +   +   

Usage social spaces +   +   

Safety social spaces +   +   

Quality transitional areas     + + 

Usage transitional areas + + + + 

Safety transitional areas     +   

Number of apartments         

General perception social spaces +   + + 

General perception transitional 
areas 

    +   

Neighborhood characteristics     

Community centers <500m         

Social facilities <500m +   +   

Schools <500m         

Social facilities <1000m + + + + 

Bars and pubs <500m -       

Cafés <500m -       

Restaurants <500m -       

Supermarkets <500m         

Supermarkets <1000m         

Schools <1000m     - - 

Traffic speed is slow in 
neighborhood 

    -   

Traffic poses no danger to 
pedastrians 

        

Neighborhood streets are well lit         

Perceived safety walking in 
neighborhood 

        

Plenty of open gathering places         
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Perceived greenness of 
neighborhood 

+ + + + 

Area of green open space +   +   

Urban density -   -   

Individual characteristics     

Gender         

Ethnicity (Dutch) + + +   

Home ownership (Owner-
occupied) 

+   +   

Local membership + + + + 

Weekly hours spent + + + + 

Age + + + + 

Health status (Healthier) -   - - 

Education level   - - - 

Employment status (Retired) + + + + 

Length of residence at address + + + + 

Length of residence in 
neighborhood 

+ + + + 

Household characteristics     

Household composition 
(Multiperson) 

+ +     

Car availability (Yes) + + +   

Household income         

Dependent variables     

Building social interaction   + + + 

Neighborhood social interaction +   + + 

Building social cohesion + +   + 

Neighborhood social cohesion + + +   

*Dark green means significant at the 0.01 level, light green means significant at the 0.05 level 
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6. Multiple regression analyses and path analysis 
This chapter describes the results of the multiple regression analyses and path analysis. A 

multiple regression analysis is conducted for each of the four individual dependent variables. In 

the previous chapter, the bivariate analyses showed the significant relations between the pairs 

of independent and dependent variables. Only the independent variables with a significant 

relation with a dependent variable, will be included in its respective multiple regression 

analysis. In addition to the results of the previous chapter, the results of the multiple regression 

analyses for each of the four dependent variables will offer answers to the research questions 1, 

2, 3 and 4 respectively. The path analysis will check if the assumed theoretical causal links 

between variables that follows from the multiple regression models are consistent with the data. 

The results of these analyses will give an answer to the main research question: “How do 

individual, household, neighborhood, and building characteristics affect the perceived social 

cohesion and social interaction of high-rise residents on both building and neighborhood 

level?”. All tables regarding the analysis results highlight results which are statistically 

significant in green. Light-green indicates p-values below 0.05, and dark-green indicates p-

values below 0.01. 

6.1 The goal and principles of multiple regression analyses 
As was concluded in section 5.6, 30 variables have a significant relationship with perceived 

building social interaction. The number of variables with a significant relationship with 

perceived neighborhood social interaction is 15, for perceived building social cohesion it is 33, 

and for perceived neighborhood social cohesion it is 16 (see table 21). It is probable that some of 

those variables have confounding factors, and the multiple regression analyses will show which 

set of variables offers the best prediction equation for each of the dependent variables. As an 

outcome, some of the variables will be left out and four sets of variables will be found with the 

strongest linear relationship with the four dependent variables respectively. This reduces the 

number of variables which will be included in the path analysis, decreasing its complexity and 

increasing its meaningfulness. 

6.1.1 Assumptions 
There are eight assumptions that need to be taken into account to perform a valid multiple 

regression analysis. These are explained here, with the proper measures to take to check 

whether these assumptions are violated. 

The first assumption is that the dependent variable should be measured on a continuous scale 

(Ho, 2014). This is the case for all of the four dependent variables. They are measured on a ratio 

scale, as a sum of multiple Likert item scores. 

The second assumption is that there are two or more independent variables, which are either 

continuous or categorical (Ho, 2014). As all of the independent variables are either ordinal or 

nominal variables, they all meet this criterium as those are considered categorical variables.  

The third assumption is that there needs to be a linear relationship between the dependent 

variable and each of the independent variables (Ho, 2014). This has already been checked at this 

point, as only the variables with a significant relation in the bivariate analyses are considered 

for the multiple regression analyses. These relations were tested using the independent t-test, 

Pearson’s Rho, Spearman’s Rho or One-way ANOVA. The independent variables tested with 

Spearman’s or ANOVA (the nominal and ordinal variables with three or more groups) are 

converted to dummy variables for the multiple regression analyses to meet this assumption. 
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The fourth assumption is that there should be no significant outliers, high leverage points of 

highly influential points. These reduce the predictive accuracy of the results as well as the 

statistical significance. Outliers have been deleted or processed in an earlier stage during the 

recoding of variables, see appendix C. Therefore, this assumption is met for the selected dataset. 

The fifth assumption is that the data shows homoscedasticity, which means that the variances 

along the line of best fit remain similar along the line (Ho, 2014). This is examined with a 

scatterplot of the standardized residuals and the standardized predicted values. There should 

be no clear pattern between the residuals and the predicted values to meet this assumption of 

linearity. For the multiple regression analyses of each of the four dependent variables, these 

scatterplots are added to appendix F. 

The sixth assumption is that the residuals (errors) are approximately normally distributed (Ho, 

2014). These are the differences between the obtained and predicted dependent variable scores. 

A P-P plot shows a straight line through the origin with a unit slope, indicating perfect normal 

distribution. If the distribution of the dataset follows this line, it can be assumed that the 

residuals are approximately normally distributed. An inspection of the P-P plot of standardized 

residuals will show whether this assumption of approximate normal distribution is met. Like 

the scatterplots, these P-P plots are added to appendix F. 

The seventh assumption is that the data should have independence of observations (Ho, 2014). 

This is checked using the Durbin-Watson statistic. This statistic is an indication of 

autocorrelation. A value of 2 indicates no autocorrelation. This statistic always has a value 

between 0 and 4, where a value below 2 possibly indicates positive autocorrelation and a value 

above 2 indicates negative autocorrelation. As a general rule of thumb, the critical boundaries 

are set at 1.5 and 2.5. If the Durbin-Watson statistic lies outside of this range, there is statistical 

evidence that the error terms are autocorrelated, meaning that there is no independence of 

observations in the model which is cause for concern (Ho, 2014). The test for this is conducted 

simultaneously with each of the multiple regression analyses. 

The eighth and final assumption is that the data should not show multicollinearity. This 

happens when two or more independent variables are highly correlated with each other. This 

can be checked by inspecting the correlation coefficients and tolerance/VIF values. Tolerance 

values below 0.1 (or VIF values above 10) indicate overlap between the predictive power of 

variables, meaning that multiple variables are filling the same role in the model and this 

assumption is violated (Ho, 2014). This may result in a situation where the goodness-of-fit of 

the model is high, but none of the independent variables have a significant impact in predicting 

the dependent variable on its own. 

The first four assumptions have been checked at this point. The assumption of multicollinearity 

is checked in two ways: an inspection of the correlation matrix of all variables, and of the VIF 

values in the models. The inspection of the correlation matrix is done before conducting the 

analyses, while the inspection of the VIF values is done for every individual dependent variable 

in the multiple regression analyses. The other assumptions are checked for every dependent 

variable separately as well. 

6.1.2 Dummy variables 
Before the multiple regression analyses can be carried out, the nominal and ordinal variables 

are converted into dummy variables. These are dichotomous variables that represent one value 
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or group of the nominal or ordinal variable. One of the groups serves as the reference group, so 

for each variable with K groups, K-1 dummy variables are created. 

Apart from the dependent variables, all variables in the analysis except for the Likert questions 

have an ordinal or nominal measurement scale. The variables with only 2 groups do not need 

recoding. Therefore, 16 independent variables that have a significant relationship with one or 

more of the dependent variables are recoded into dummy variables. Dummy variables are 

created for the observed number of apartments in the building, for neighborhood characteristics 

bars and pubs, cafés, and restaurants within a 500-meter radius, for supermarkets and schools 

within 1 kilometer, area of green open space and urban density. Regarding individual 

characteristics, dummy variables are created for weekly hours spent on local organizations, age, 

health status, education level, employment status, length of residence at address and length of 

residence in neighborhood. Lastly, the household characteristic household income is recoded 

into dummy variables. 

For every recoded variable, the first group is taken as the reference group. For example, the 

variable restaurants in a 500-meter radius consists of the three groups 1: 0 restaurants; 2: 1-2 

restaurants and 3: 3 or more restaurants. Two dummy variables for 2: 1-2 restaurants and 3: 3 or 

more restaurants are included in the multiple regression analyses, while 1: 0 restaurants serves 

as the reference group.  

6.1.3 Multiple regression method: Stepwise regression model 
The chosen method for the multiple regression analyses is stepwise multiple regression. This 

method enters the variables that are statistically significant into the model one at a time, with 

the variable with the most predictive power being entered first. When a variable is put into the 

model which makes another variable in the model no longer significantly contribute to the 

dependent variable, that now insignificant variable is deleted from the model as the next step. 

This goes on until all significant variables have entered the model, and all insignificant variables 

are left out. The threshold for entering the model is set by the probability of F-to-enter, which 

was set to 0.05. This way only variables that are statistically significant at the 0.05 level enter 

the model. 

There are multiple dummy variables in the set of independent variables. When one of the 

dummies of a variable is statistically significant but others are not, the analysis leaves the other 

dummies out of the model. When these other dummies are not significant, their coefficient in 

the model is 0. In that case only the significant dummy, representing a particular value of the 

original variable, is put in the model. 

6.1.4 Correlation matrix review 
From the bivariate analysis, a group of independent variables was identified, consisting of 

variables that had significant relationships with one or more of the four dependent variables. 

For each of the multiple regression analyses, the independent variables that are adopted in the 

model form a subgroup. Before dividing the independent variables into four subgroups, a review 

of the correlation matrix shows the prominent multicollinearities between the variables. Where 

multicollinearity occurs, one of the variables will not be included in the regression analyses. 

This correlation matrix review was carried out using all significant variables from the bivariate 

analysis after recoding the mentioned 16 independent variables to dummy variables. The 

correlation matrix of the variables where multicollinearity occurs is shown in table 22. The 

complete correlation matrix is left out of this paper due to its extensive size and irrelevance. 
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Table 22 Correlation matrix of variables with multicollinearity 

 

Length of residence in the neighborhood and length of residence at current address showed 

multicollinearity, which is not surprising. For the value 0-2 years, r = 0.907. For 3-10 years, r = 

0.871. And for 11 or more years, r = 0.901. Length of residence at current address was deemed 

most relevant for this study considering two of the four dependent variables focus on social life 

inside the building, so the variable length of residence in the neighborhood was omitted from 

further analysis. 

Another expected pair of highly correlated variables is age: 65 years or older and employment: 

retired (r = 0.936). The variable employment is omitted from further analysis. 

The dichotomous variable local membership (value 1 is yes) is highly negatively correlated with 

the weekly hours spent at local organizations: 0 hours (r = -0.885). Because it is expected that 

people who are not part of a local organization do not spend any time there, the variable local 

membership is omitted from further analysis. The variable weekly hours spent at local 

organizations contains more detailed data about the part of local organizations in one’s social 

life and is therefore deemed more likely to offer better insights. 

Bars and pubs within 500 meter and cafés within 500 meter showed multicollinearity. For the 

values 0, 1, and 2 or more the r values were 1.000, 0.847 and 0.858 respectively. Furthermore, the 

value 2 or more for both variables had an r value of 0.718 with supermarkets within 1000 meter: 

7 or more, and an r value of 0.862 with area of green open space: less than 5%. Both bars and 

pubs within 500 meter and cafés within 500 meters are omitted from further analysis. 

Supermarkets within 1000 meter: 1-3 and area of green open space: 20% or more had an r value 

of 0.730. Area of green open space has significant relations with dependent variables at the 0.01 

level, where supermarkets within 1000 meter only has significant relations at the 0.05 level. The 

variable supermarkets within 1000 meter is left out of the analysis. 
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Age: 65 years or older 1 0.94 -0.3 0.29 -0.41 -0.14 0.55 -0.4 -0.2 0.58 0.18 0.22 -0.4 0.18 0.27 -0.45 0.29 -0.31 0.26 0.53 0.39 0.57 0.4

Emplyment status: retired 0.94 1 -0.32 0.29 -0.43 -0.12 0.55 -0.43 -0.18 0.58 0.18 0.2 -0.38 0.18 0.25 -0.43 0.25 -0.29 0.24 0.52 0.39 0.59 0.39

Weekly hours spent at local organization: 0 -0.3 -0.32 1 -0.88 0.12 0.05 -0.17 0.15 0.07 -0.21 -0.07 0.03 0.04 -0.07 -0.06 0.13 -0.01 0.11 -0.05 -0.23 -0.23 -0.32 -0.23

Member of local organization 0.29 0.29 -0.88 1 -0.15 -0.04 0.2 -0.19 -0.08 0.26 0.05 -0.02 -0.03 0.05 0.07 -0.12 -0.02 -0.12 0.04 0.29 0.3 0.34 0.24

Length of residence at current address: 0-2 years-0.41 -0.43 0.12 -0.15 1 -0.52 -0.49 0.91 -0.4 -0.48 -0.18 -0.21 0.38 -0.18 -0.17 0.35 -0.23 0.38 -0.16 -0.3 -0.2 -0.3 -0.17

Length of residence at current address: 3-10 years-0.14 -0.12 0.05 -0.04 -0.52 1 -0.49 -0.46 0.87 -0.41 -0.11 0.14 -0.02 -0.11 0.12 -0 -0.06 -0.09 -0.07 -0.03 -0.01 -0.04 -0.02

Length of residence at current address: 11 years or more0.55 0.55 -0.17 0.2 -0.49 -0.49 1 -0.46 -0.47 0.9 0.29 0.07 -0.37 0.29 0.05 -0.35 0.29 -0.3 0.23 0.34 0.21 0.35 0.19

Length of residence in neighborhood: 0-2 years -0.4 -0.43 0.15 -0.19 0.91 -0.46 -0.46 1 -0.46 -0.51 -0.2 -0.19 0.39 -0.2 -0.16 0.36 -0.22 0.39 -0.15 -0.27 -0.2 -0.32 -0.19

Length of residence in neighborhood: 3-10 years -0.2 -0.18 0.07 -0.08 -0.4 0.87 -0.47 -0.46 1 -0.53 -0.13 0.14 0.01 -0.13 0.09 0.04 -0.04 -0.07 -0.07 -0.11 -0.09 -0.09 -0.09

Length of residence in neighborhood: 11 years or more0.58 0.58 -0.21 0.26 -0.48 -0.41 0.9 -0.51 -0.53 1 0.32 0.05 -0.38 0.32 0.06 -0.39 0.25 -0.31 0.21 0.36 0.28 0.4 0.27

0 bars and pubs within 500 meter 0.18 0.18 -0.07 0.05 -0.18 -0.11 0.29 -0.2 -0.13 0.32 1 -0.49 -0.56 1 -0.51 -0.55 0.46 -0.4 0.48 0.17 0.06 0.08 -0.04

1 bars and pubs within 500 meter 0.22 0.2 0.03 -0.02 -0.21 0.14 0.07 -0.19 0.14 0.05 -0.49 1 -0.45 -0.49 0.85 -0.31 -0.03 -0.32 -0.04 0.03 0.12 0.13 0.12

2 bars and pubs within 500 meter -0.4 -0.38 0.04 -0.03 0.38 -0.02 -0.37 0.39 0.01 -0.38 -0.56 -0.45 1 -0.56 -0.29 0.86 -0.45 0.72 -0.45 -0.2 -0.18 -0.21 -0.07

0 cafés within 500 meter 0.18 0.18 -0.07 0.05 -0.18 -0.11 0.29 -0.2 -0.13 0.32 1 -0.49 -0.56 1 -0.51 -0.55 0.46 -0.4 0.48 0.17 0.06 0.08 -0.04

1 café within 500 meter 0.27 0.25 -0.06 0.07 -0.17 0.12 0.05 -0.16 0.09 0.06 -0.51 0.85 -0.29 -0.51 1 -0.45 -0.05 -0.29 -0.05 0.08 0.18 0.2 0.21

2 or more cafés within 500 meter -0.45 -0.43 0.13 -0.12 0.35 -0 -0.35 0.36 0.04 -0.39 -0.55 -0.31 0.86 -0.55 -0.45 1 -0.44 0.69 -0.44 -0.25 -0.24 -0.28 -0.16

1-3 supermarkets within 1 kilometer 0.29 0.25 -0.01 -0.02 -0.23 -0.06 0.29 -0.22 -0.04 0.25 0.46 -0.03 -0.45 0.46 -0.05 -0.44 1 -0.45 0.73 0.14 0.01 0.14 0.02

7 or more supermarkets within 1 kilometer -0.31 -0.29 0.11 -0.12 0.38 -0.09 -0.3 0.39 -0.07 -0.31 -0.4 -0.32 0.72 -0.4 -0.29 0.69 -0.45 1 -0.45 -0.21 -0.15 -0.22 -0.12

>20% accessible grass 0.26 0.24 -0.05 0.04 -0.16 -0.07 0.23 -0.15 -0.07 0.21 0.48 -0.04 -0.45 0.48 -0.05 -0.44 0.73 -0.45 1 0.18 -0.01 0.21 -0.03

Perceived building social interaction 0.53 0.52 -0.23 0.29 -0.3 -0.03 0.34 -0.27 -0.11 0.36 0.17 0.03 -0.2 0.17 0.08 -0.25 0.14 -0.21 0.18 1 0.66 0.72 0.53

Perceived neighborhood social interaction 0.39 0.39 -0.23 0.3 -0.2 -0.01 0.21 -0.2 -0.09 0.28 0.06 0.12 -0.18 0.06 0.18 -0.24 0.01 -0.15 -0.01 0.66 1 0.59 0.68

Perceived building social cohesion 0.57 0.59 -0.32 0.34 -0.3 -0.04 0.35 -0.32 -0.09 0.4 0.08 0.13 -0.21 0.08 0.2 -0.28 0.14 -0.22 0.21 0.72 0.59 1 0.74

Perceived neighborhood social cohesion 0.4 0.39 -0.23 0.24 -0.17 -0.02 0.19 -0.19 -0.09 0.27 -0.04 0.12 -0.07 -0.04 0.21 -0.16 0.02 -0.12 -0.03 0.53 0.68 0.74 1
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After this inspection of the correlation matrix, 6 variables were omitted from the selection of 

variables. In total, 27 independent and 4 dependent variables remain for the multiple regression 

analyses. 

6.2 Multiple regression analysis of perceived building social interaction 
Multiple regression analyses were conducted to analyze the effect of the individual, household, 

building and neighborhood characteristics on perceived building social interaction. First, the 

possible violation of assumptions was checked. Then, to gain insight in the effect of the different 

groups of characteristics, three different models were created. The first model examines the 

effect of the individual and household characteristics. The second model includes the building 

characteristics as well. The third model also considers neighborhood characteristics. Table 23 

shows the adjusted R2 of each model, and the coefficients of the variables in the models. 

With the exception of the variables that were omitted due to multicollinearity (see section 6.1.4), 

all independent variables that had a significant relationship with perceived building social 

interaction in the bivariate analyses are used in the multiple regression analysis. 

Before the results of the multiple regression analysis are assumed to be valid, the possible 

violation of assumptions 5-8 described in section 6.1.1 need to be checked. Homoscedasticity is 

checked by inspection of the standardized residuals and the standardized predicted values. No 

clear pattern is apparent in the scatterplot (see appendix F). The lack of variance in standardized 

predicted values is the result of there being only two independent variables in the model: one 

nominal and one interval variable with a limited number of possible values. The P-P plot shows 

that the residuals are approximately normally distributed. The Durbin-Watson value is 2.096, 

which is between the critical values 1.5-2.5. Therefore, the data appears to have independence 

of observations. For both models, the VIF values were exactly 1, so there is no multicollinearity 

present in the model. All assumptions are met. 

This multiple regression analysis could have produced three different models: One with only 

the significant individual and household characteristics, one with the significant building 

characteristics added to that, and one with the significant neighborhood characteristics added. 

However, only two models were produced as none of the neighborhood variables that were 

statistically significantly related to perceived building social interaction during the bivariate 

analyses were significantly related in the multiple regression analysis.  

Perceived building social interaction was measured using 8 Likert items of which data was 

gathered through the survey. The answer options ranged from (almost) never to (almost) daily, 

which were labeled with a score, with (almost) daily being given the highest score. The sum of 

the scores of the 8 items represents the perceived building social interaction score. This means 

that a higher score means a higher level of perceived building social interaction. Positive 

coefficients with variables in the model therefore indicate a positive association with the 

dependent variable. Likewise, negative coefficients indicate a negative association with the 

dependent variable. The resulting models only contain 1 and 2 of the entered variables 

respectively (see table 23). This section will report the results of these models with their 

significant variables, and of the variables that were nearly significant but did not make it into 

the models. The ANOVA table showed that both models were statistically significant at p = 

0.000. 

The first model, with all mentioned individual and household characteristics, only included the 

dummy variable age: 65 years or older. The variable had a p-value of 0.000 and a standardized 



68 
 

Beta-value of 0.533, which indicates a positive relationship with the dependent variable. This 

relationship is in line with findings of Völker and Flap (2007), who stated that seniors are more 

likely to include neighbors in their social network. It also agrees with the research by Van den 

Berg, Arentze and Timmermans (2015b), which reported that seniors have more frequent 

interactions with neighbors than younger adults do. In this study, it shows that seniors have 

significantly more perceived social interactions with neighbors in their building. Age: 35-64 

years was not statistically significant with a p-value of 0.089. It appears that the significant 

difference is made between seniors and other adults, and there is not necessarily a gradual 

increase of perceived building social interaction with the increase of age. Weekly hours spent 

on local organizations was just barely insignificant with a p-value of 0.070. With only the 

dummy variable age: 65 years or older in the model, the adjusted R2 value = 0.280, meaning this 

model accounts for 28.0% of the variance in perceived building social interaction. The other 

individual and household characteristics were insignificant, while existing literature found 

significant effects of ethnicity (Van Dijk, Cramm, & Nieboer, 2013), weekly hours spent on local 

organizations and education level (Van den Berg & Timmermans, 2015a), car availability (Van 

den Berg, Arentze, & Timmermans, 2015b) and household income (Völker & Flap, 2007).  

The second model added the general positive perception of the social spaces in the building as 

a second variable, which had a p-value of 0.000. This model accounts for 33.6% of the variance 

of the dependent variable, an increase of 5.6% compared to model 1. The Beta-value of the added 

variable is 0.231, which indicates a significant positive correlation between the general positive 

perception of the social spaces and the perceived social interaction in the building. Before this 

building characteristic was added to the model, all four variables of which it consists (perceived 

quantity, quality, usage and safety of social spaces) met the 0.05 significance requirement to be 

added to the model. However, the merged variable has the strongest positive correlation with 

perceived building social interaction, and resulted in the model with the strongest predictive 

power. According to literature, a larger number of apartments should relate to a lower level of 

perceived interaction as the presence of too many neighbors discourages engagement 

(Newman, 1976) but this relation was not found.  

Table 23 Multiple regression models perceived building social interaction 

Model Adjusted R^2 Standardized Beta t Sig. 

1 (Constant) 0.280   26.266 0.000 

  Age=65 years or older   0.533 8.653 0.000 

2 (Constant) 0.336   5.686 0.000 

  Age=65 years or older   0.528 8.890 0.000 

  General perception social spaces   0.231 3.892 0.000 

 

30 variables had a significant relationship with perceived building social interaction in the 

bivariate analyses. Six of these variables were deleted prior to the multiple regression analysis 

due to multicollinearity (section 6.1.4). Therefore, 24 variables were considered for the multiple 

regression models. Based on the final model, it can be concluded that two of the variables have 

a significant positive effect on perceived building social interaction. These are age: 65 years or 

older, and the general positive perception of social spaces in the building. For the other 22 

variables, no significant relationship with the dependent variable was found. The analysis shows 

that only the two mentioned individual and building characteristics significantly affect 

perceived building social interaction, while the other variables do not when the predictive 
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power of all these variables is taken into account simultaneously. None of the household or 

neighborhood variables are found to be significant. 

6.3 Multiple regression analysis of perceived neighborhood social interaction 
For dependent variables perceived neighborhood social interaction, the same approach as for 

perceived building social interaction is used to conduct the multiple regression analysis. First 

the assumptions are checked, then three different models are created. Only individual and 

household characteristics are considered for model 1. For model 2 building characteristics are 

entered as well. Then for model 3, neighborhood characteristics are added. Because no building 

or neighborhood characteristics entered the model, table 24 shows the adjusted R2 of only model 

1, and the coefficients of the variables in the model. 

With the exception of the variables that were omitted due to multicollinearity (see section 6.1.4), 

all independent variables that had a significant relationship with perceived neighborhood social 

interaction in the bivariate analyses are used in the multiple regression analysis.  

To validate the resulting models, the assumptions for multiple regression analysis are checked. 

An inspection of the scatterplot of the standardized residuals and the standardized predicted 

values shows that there is no clear pattern apparent. The point values in the P-P plot show that 

the residuals are approximately normally distributed, so that assumption is not violated. The 

independence of observations is checked using the Durbin-Watson statistic. For this analysis, 

that value is 2.084, so this assumption is met as there is no statistical evidence that the error 

terms are autocorrelated. The VIF values are 1.099 at most, a clear indication that there is no 

multicollinearity in the model. All assumptions are met. 

The multiple regression analysis for dependent variable perceived neighborhood social 

interaction was conducted in a similar way as for perceived building social interaction. The 

independent variables were added in three separate groups with the stepwise method. First, 

individual and household characteristics were added, which created the first model. Then, 

building characteristics were added for the second model. Lastly, the neighborhood 

characteristics were added for the third model. Table 24 shows a summary of the results. The 

only variables that made it into the model were individual characteristics, so only one model is 

discussed in the section below. 

Perceived neighborhood social interaction was measured in a similar way as perceived building 

social interaction, but with the questions referring to neighborhood spaces instead of areas in 

the building. No building or neighborhood characteristics had a significant relationship with 

the dependent variable in the multiple regression model, so only one model was created. This 

model was statistically significant with a p-value of 0.000, as the corresponding ANOVA table 

showed. 

The single model that was created contained two individual characteristics, which were age: 65 

years or older, and weekly hours spent on local organizations: 4 or more. The variable age: 65 

years or older had a p-value of 0.000 and a standardized Beta-value of 0.326, which indicates a 

positive relationship with the dependent variable perceived neighborhood social interaction. 

This positive relationship agrees with existing literature, which show a relation between the 

older age group and an increase in interactions with neighbors (Van den Berg, Arentze, & 

Timmermans, 2015b), and in the number of neighbors in a person’s social network (Völker & 

Flap, 2007). The variable weekly hours spent on local organizations: 4 hours or more is the 

second variable that entered the model, with a p-value of 0.005 and a standardized Beta-value 
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of 0.197. This means that it has a significantly positive relationship with perceived neighborhood 

social interaction. The dummy variable hours spent on local organizations: 1-3 hours was 

nowhere near significantly related (p = 0.762), so the results show that only spending a more 

significant amount of time on local organizations has a significant impact on the perceived 

neighborhood social interaction. The model with these two variables has an adjusted R2 value 

of 0.176, so it explains 17.6% of the variance of perceived neighborhood social interaction. Links 

that were expected according to literature but not found in the model were ethnicity (Van Dijk, 

Cramm, & Nieboer, 2013), education level (Van den Berg & Timmermans, 2015a) and car 

availability (Van den Berg, Arentze, & Timmermans, 2015b). 

There were no building or neighborhood characteristics put into the model. The p-value of 

perceived usage of the transitional areas in the building was close to the 0.05 threshold (p = 

0.065), but is still considered insignificant and is left out of the model. There was no literature 

found that linked the perceived usage of transitional areas in the building with neighborhood 

social interaction, so this insignificant result does not contradict results of previous studies. 

According to existing literature, the presence of common facilities (Van den Berg, Arentze, & 

Timmermans, 2015b; Völker, Flap, & Lindenberg, 2007; Yuen & Yeh, 2011) and the perceived 

greenness of the neighborhood (Kemperman & Timmermans, 2014; Yuen & Yeh, 2011) should be 

significantly related to perceived neighborhood social interaction, but they were insignificant 

in this analysis. 

Table 24 Multiple regression model perceived neighborhood social interaction 

Model Adjusted R^2 
Standardized 
Beta t Sig. 

1 (Constant) 0.184   21.880 0.000 

  Age=65 years or older   0.326 4.728 0.000 

  Weekly hours spent on local organizations=4 or more   0.197 2.860 0.005 

 

In the bivariate analyses, a significant relationship was found between 15 variables and perceived 

neighborhood social interaction. After an inspection of the correlation matrix (section 6.1.4), 

five variables of this group were omitted due to multicollinearity. The 11 variables that remained 

were considered for this multiple regression analysis. Two variables were entered in the final 

model. These are age: 65 years and older and weekly hours spent on local organizations: 4 or 

more. No relationship was found between the dependent variable and the other 9 variables. No 

building and neighborhood characteristics were found to significantly affect perceived 

neighborhood social interaction. Possible reasons for this finding are discussed in chapter 7. 

6.4 Multiple regression analysis of perceived building social cohesion 
A multiple regression analysis was conducted to analyze the effect of the individual, household, 

building and neighborhood characteristics on perceived building social cohesion. A difference 

with the two dependent variables considering social interaction, is that a fourth model is created 

in which the dependent variable perceived building social interaction is considered for the 

model, in addition to the three other variable groups. Table 25 shows the adjusted R2 of each 

model, and the coefficients of the variables in the models. 

With the exception of the variables that were omitted due to multicollinearity (see section 6.1.4), 

all independent variables that had a significant relationship with perceived building social 

cohesion in the bivariate analyses are used in the multiple regression analysis. 
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Before reporting the multiple regression analysis, it was checked whether any of the 

assumptions were violated. First, homoscedasticity and a normal distribution of standardized 

residuals were checked by inspection of the scatterplot and the P-P plot respectively. The 

scatterplot shows no clear pattern, so it is assumed that the data shows homoscedasticity. The 

points in the P-P plot follow the line rather well, so the residuals seem approximately normally 

distributed. The Durbon-Watson statistic of the model is 2.085, which is between the critical 

boundaries. The highest VIF value is 1.875, which is no cause for concern of multicollinearity. 

All assumptions for multiple regression analysis are met. 

As a result of this multiple regression analysis, only three models were created. No 

neighborhood characteristics were added to model 3, so the results of only three models are 

reported here. The first model includes the significant individual and household characteristics, 

the second model includes building characteristics as well, and the last model includes 

perceived building social interaction. 

Perceived building social cohesion was measured with the 18-item measurement instrument 

from Buckner (1988). 18 questions regarding aspects of social cohesion were asked in the survey, 

with answers ranging from strongly disagree to strongly agree. The answers were given a score 

from 1 to 5, and summed up to form a score for their perceived building social cohesion. These 

scores range from 18 to 90, with a higher score indicating a higher level of social cohesion. 

Positive correlations with the variables in the model indicate a positive relationship, while 

negative correlations indicate a negative effect on perceived building social cohesion. All three 

of the created models are significant at the 0.01 level (p = 0.000). 

The first model includes three individual characteristics: Age: 65 years or older; Age: 35-64 years 

old; Weekly hours spent on local organizations: 4 or more (see ‘model 1’ in table 25). The first 

(dummy) variable age: 65 years or older (p = 0.000) had a Beta-value of 0.613, indicating a strong 

positive relationship with the dependent variable. This link between the elderly and higher 

social cohesion is in line with reports by Guest and Wierzbicki (1999), who stated that the 

elderly value neighbors and neighboring more than other age groups, and Henning and Lieberg 

(1996), who report that elderly outside the labor force are more dependent on local social ties. 

However, this finding is in contrast with other studies which mention that seniors experience 

diminishing personal health and mobility which results in lower social cohesion (Van Dijk, 

Cramm, & Nieboer, 2013; Van den Berg, Kemperman, Uytdewillegen, & Weijs-Perrée, 2016) and 

smaller local supportive networks (Thomése & Van Tilburg, 2000).  

The second variable that entered the model was age: 35-64 years old, with a p-value of 0.008 

and a Beta-value of 0.179. This result indicates that people in this age group have significantly 

higher levels of perceived building social cohesion than younger residents. The existing 

literature on the relationship between age and social cohesion has mainly focused on the 

neighborhood level, rather than the building level. At neighborhood level, research has shown 

a positive association between age and perceived social cohesion (Ellaway, Macintyre, & Kearns, 

2001; Oh, 2003; Oh & Kim, 2009; Pampalon, Hamel, Koninck, & Disant, 2007). This result shows 

that the positive association between age and perceived social cohesion is also found on a 

building level for the high-rise residents in the building.  

The third individual characteristic in the model is weekly hours spent on local organizations: 4 

or more (p = 0.024). With a Beta-value of 0.139, it has a positive association with perceived 

building social cohesion. Van den Berg and Timmermans (2015a) stated that this participation 

has a positive impact on neighborhood social cohesion. This finding indicates that it also 
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positively impacts perceived social cohesion on a building level. The dummy variable weekly 

hours spent on local organizations: 1-3 hours was not significant (p = 0.064), indicating that the 

number of weekly hours does matter for the impact that participating in local organizations has 

on perceived building social cohesion. With these three individual characteristics, the model 

accounts for 35.5% of the variance of perceived building social cohesion. Significant 

relationships were expected but not found for the variables home ownership (Ellaway, 

Macintyre, & Kearns, 2001; Oh, 2003; Oh & Kim, 2009; Völker, Flap, & Lindenberg, 2007; Forrest 

& Kearns, 2001), education level (Dekker & Bolt, 2005; Lewicka, 2005; French, et al., 2014; 

Pampalon, Hamel, Koninck, & Disant, 2007), and length of residence (Lewicka, 2005; French, et 

al., 2014; La Grange, 2011). 

In the second model, the variables quality of transitional areas, usage of transitional areas, and 

safety of social spaces in the building entered the model. This model accounts for 45.7% of the 

variance of perceived building social cohesion, a 10.2% increase from model 1. With these three 

variables added to the model, the individual characteristic weekly hours spent on local 

organizations: 4 or more became insignificant.  

The perceived quality of transitional areas in the building (p = 0.000) has a standardized Beta-

value of 0.220, indicating a positive association with the dependent variable. Forrest and Kearns 

(2001) stated that the entrance, ground floors and common areas of a high-rise residential 

building are semi-public spaces which are mainly used by the high-rise residents themselves. 

Because these spaces are not open to passers-by, residents are given a sense of security which 

encourages them to make use of these spaces. If the environmental conditions in these spaces 

are good, people more often choose to linger in this public space which increases social contact.  

The usage of transitional areas (p = 0.002) has a standardized Beta-value of 0.175, indicating a 

positive association with perceived building social cohesion as well. This ties in with Jan Gehl 

(2011) saying that the presence of people attracts more people to a place. The perceived active 

usage of the transitional areas makes it more likely that residents of high-rise buildings feel 

more connected to their neighbors in the building. It also makes the building feel safer, which 

may also translate to higher levels of cohesion (Modi, 2014). 

The perceived safety of social spaces in the building had a p-value of 0.016, and a standardized 

Beta-value of 0.140. This means that it has a positive relationship with perceived building social 

cohesion. Perceived safety has been found to impact social cohesion in previous studies, as 

Windsor et al. (2012) mentioned that activity engagement is restricted by negative perceptions 

of the physical environment. Oh (2003) and Ellaway et al. (2001) stated that perceived disorder 

results in mistrust in neighbors, which negatively affects social cohesion. These studies were 

done on a neighborhood level, but this finding shows that the perceived safety of social spaces 

in the building impacts the perceived building social cohesion of residents in high-rise 

buildings. 

No neighborhood characteristics entered the model, but the variable perceived building social 

interaction did. With a p-value of 0.000 and a standardized Beta-value of 0.506, the model shows 

a strong positive relationship between perceived building social interaction and perceived 

building social cohesion. This impacts the coefficients of the other variables in the model. Age: 

35-64 years old and perceived safety of social spaces have become insignificant. This means that 

the perceived building social interaction diminishes the individual predictive power of these 

variables. With the addition of perceived building social interaction, the adjusted R2 value 



73 
 

becomes 0.620. This means that the model explains 62.0% of the variance of perceived building 

social cohesion. 

Table 25 Multiple regression models perceived building social cohesion 

Model Adjusted R^2 
Standardized 
Beta t Sig. 

1 (Constant) 0.355   37.339 0.000 

  Age=65 years or older   0.613 9.064 0.000 

  Age=35-64 years old   0.179 2.700 0.008 

  Weekly hours spent on local organizations=4 or more   0.139 2.269 0.024 

2 (Constant) 0.457   8.144 0.000 

  Age=65 years or older   0.565 8.959 0.000 

  Age=35-64 years old   0.175 2.855 0.005 

  Weekly hours spent on local organizations=4 or more   0.093 1.635 0.104 

  Quality transitional areas   0.220 3.769 0.000 

  Usage transitional areas   0.175 3.133 0.002 

  Safety social spaces   0.140 2.429 0.016 

4 (Constant) 0.620   7.150 0.000 

  Age=65 years or older   0.287 4.693 0.000 

  Age=35-64 years old   0.099 1.896 0.060 

  Weekly hours spent on local organizations=4 or more   0.044 0.911 0.364 

  Quality transitional areas   0.229 4.692 0.000 

  Usage transitional areas   0.116 2.448 0.015 

  Safety social spaces   0.027 0.553 0.581 

  Perceived Building Social Interaction   0.506 8.959 0.000 

 

30 of the independent variables had a significant relationship with perceived building social 

cohesion in the bivariate analyses. Six of these were omitted after an inspection of the 

correlation matrix for multicollinearity (section 6.1.4). In addition, the final model included the 

dependent variable perceived building social interaction. So, in total 25 variables were 

considered for the multiple regression analysis. Seven variables entered the models, two of 

which were dummy variables for the individual characteristic age. The other five were weekly 

hours spent on local organizations: 4 or more, perceived quality and usage of transitional areas 

in the building, perceived safety of social spaces in the building, and the other dependent 

variable perceived building social interaction. In the final model, three of the variables were no 

longer significant. These were age: 35-64 years old, weekly hours spent on local organizations: 

4 or more and perceived safety of social spaces in the building. The other 19 variables were 

insignificant in every model. The analysis shows that when all these variables are taken into 

account, age: 65 years or older, the perceived quality of transitional areas, the perceived usage 

of transitional areas, the perceived safety of social spaces and the perceived building social 

interaction significantly affect perceived building social cohesion. No household or 

neighborhood characteristics were significantly related to perceived building social cohesion.  

6.5 Multiple regression analysis of perceived neighborhood social cohesion 
The approach for the multiple regression analysis of the last of the four dependent variables, 

perceived neighborhood social cohesion, is similar to the one for perceived building social 

cohesion. Four models are created to gain insight in the effect of the different groups of 

characteristics. For the first model, only individual and household characteristics are 

considered. The second model also considers building characteristics. Neighborhood 

characteristics are included for the third model, and lastly the fourth model includes the 
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dependent variable perceived neighborhood social interaction. Table 26 shows the adjusted R2 

of each model, and the coefficients of the variables in the models. 

With the exception of the variables that were omitted due to multicollinearity (see section 6.1.4), 

all independent variables that had a significant relationship with perceived building social 

interaction in the bivariate analyses are used in the multiple regression analysis.  

First, the assumptions for multiple regression analysis are checked. There is no clear pattern in 

the scatterplot of standardized residuals and standardized predicted values, which means that 

the data has homoscedasticity. The points in the P-P plot follow the line, indicating an 

approximate normal distribution of residual values. With a Durbin-Watson statistic of 2.072, 

there seems to be independence of observations. The highest VIF value is 1.345, so there is no 

multicollinearity in the data of the variables in the model. 

Four models were created as the result of this multiple regression analysis. The results of the 

analysis are described here. Perceived neighborhood social cohesion was measured with the 18-

item measurement instrument from Buckner (1988), similar to perceived building social 

cohesion. All four of the created models are significant at the 0.01 level (p = 0.000). 

The first model includes just one individual characteristic, which is age: 65 years or older (p = 

0.000). The standardized Beta-value of 0.398 shows that the variable has a positive relationship 

with perceived neighborhood social cohesion. This is in line with expectations from previous 

research (Guest & Wierzbicki, 1999; Henning & Lieberg, 1996) but in contrast with findings from 

other studies (Van Dijk, Cramm, & Nieboer, 2013; Van den Berg, Kemperman, Uytdewillegen, & 

Weijs-Perrée, 2016; Thomése & Van Tilburg, 2000), similar to the found relationship between 

this variable and perceived building social cohesion. This model explains 15.4% of the variance 

of perceived neighborhood social cohesion. Expectations based on previous research was that 

some individual and household characteristics would be significant, but these relationships 

were not found in the model. This refers to hours spent on local organizations (Dassopoulos & 

Monnat, 2011), health status (Van Dijk, Cramm, & Nieboer, 2013; Ellaway, Macintyre, & Kearns, 

2001), education level (Dekker & Bolt, 2005; Lewicka, 2005; French, et al., 2014; Pampalon, 

Hamel, Koninck, & Disant, 2007), and length of residence (Lewicka, 2005; French, et al., 2014; 

La Grange, 2011). 

Model 2 includes the building characteristics perceived usage (p = 0.001) and perceived quality 

(p = 0.021) of transitional areas. No previous research has reported a significant relationship 

between these variables and neighborhood cohesion, but this finding does seem to be the case 

for high-rise residents. The perceived usage of transitional areas has a standardized Beta-value 

of 0.222, the perceived quality of transitional areas has a standardized Beta-value of 0.153. Both 

indicate a positive relationship between the variables and dependent variable perceived 

neighborhood social cohesion. This model explains 20.7% of the variance of the dependent 

variable, a 5.3% increase from model 1. 

No neighborhood characteristics were added to the model, which is not in line with 

expectations. Van Dijk et al. (2013), Yuen and Yeh (2011), Völker et al. (2007) and Van den Berg 

et al. (2015b) reported that the presence of common facilities in proximity of the building 

stimulates neighborhood social cohesion. Even though schools and social facilities within 1 

kilometer of the building were variables considered for the model, a significant relationship 

with perceived neighborhood social cohesion was not found in this analysis. 
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The final model for perceived neighborhood social cohesion includes perceived neighborhood 

social interaction as a predictor variable. In the model, it has a p-value of 0.000 and a 

standardized Beta-value of 0.603, indicating a strong positive association with neighborhood 

social cohesion. With the addition of perceived neighborhood social interaction, the adjusted 

R2 value becomes 0.512. This means that the model explains 51.2% of the variance of perceived 

neighborhood social cohesion. 

Table 26 Multiple regression models perceived neighborhood social cohesion 

Model Adjusted R^2 
Standardized 
Beta t Sig. 

1 (Constant) 0.154   45.837 0.000 

  Age=65 years or older   0.398 5.959 0.000 

2 (Constant) 0.207   11.021 0.000 

  Age=65 years or older   0.340 5.119 0.000 

  Usage transitional areas   0.222 3.339 0.001 

  Quality transitional areas   0.153 2.331 0.021 

4 (Constant) 0.512   8.676 0.000 

  Age=65 years or older   0.124 2.231 0.027 

  Usage transitional areas   0.135 2.570 0.011 

  Quality transitional areas   0.142 2.755 0.006 

  Perceived Neighborhood Social Interaction   0.603 10.846 0.000 

 

From the bivariate analyses, 14 of the independent variables were found to have a significant 

relationship with perceived neighborhood social cohesion. Four of these were deleted due to 

multicollinearity (section 6.1.4). In addition to the 10 variables that remained, perceived 

neighborhood social interaction was considered for the final multiple regression model. Of this 

group of variables, four variables entered the final model. These are age: 65 years or older, the 

perceived usage of transitional areas in the building, the perceived quality of transitional areas 

in the building and perceived neighborhood social interaction. When the social interaction 

variable was finally added, the presence of a social facility within 1 kilometer became 

insignificant. The other 8 variables were in no model significant. The final model shows that the 

variables with a significant relationship with perceived neighborhood social cohesion are age: 

65 years or older, usage of transitional areas, quality of transitional areas and the perceived 

neighborhood social interaction. The variable groups individual characteristics and building 

characteristics had at least one variable that had a significant effect on perceived neighborhood 

social cohesion. In contrast to existing literature, no relationship was found between the 

dependent variable and neighborhood characteristics. 

6.6 Conclusion multiple regression analyses 
This chapter showed the results of the multiple regression analyses between each of the four 

dependent variables and all the independent variables in the dataset that were found to be 

significantly related to the respective dependent variables during the bivariate analyses. Figure 

9 shows the significant relationships which the results of the analyses showed. 

The models have shown that the age group of 65 years and older has higher levels of social 

interaction and social cohesion than other age groups, on both building and neighborhood level. 

Surprisingly, the building characteristics perceived usage and quality of transitional areas in the 

building had a significant relationship with perceived neighborhood social cohesion. 

Furthermore, none of the neighborhood characteristics were included in the models of 

neighborhood interaction and neighborhood cohesion. An explanation for this may be that for 
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many of these neighborhood characteristics, objective data was gathered while the subjective 

perception of the high-rise residents on these characteristics could play a bigger role in their 

perceived neighborhood social interaction and social cohesion levels. In any case, the lack of 

significant neighborhood variables may be a reason for the lower predictive power of the 

multiple regression models on the dependent neighborhood variables, compared to the models 

on building interaction and cohesion. The perceived building social interaction contributed 

heavily to the R2-value of the building cohesion model (increase of 16.3%). For perceived 

neighborhood social interaction in the neighborhood cohesion model this increase is even 

stronger (increase of 30.4%). For both building cohesion and neighborhood cohesion the 

predictive power of the models is good, taken into account the dependent variables relate to 

human social behavior. However, in the regression models without the interaction variables the 

predictive power of the neighborhood cohesion model is low (20.7%), while the building 

cohesion model still has a decent R2-value of 0.457. This may be an indication that there are 

factors not present in the dataset which significantly influence perceived neighborhood social 

cohesion, and may influence perceived neighborhood social interaction as well. The 

neighborhood interaction model has a low R2-value of 0.184, which is a clear indicator that the 

dataset lacks variables with a stronger predictive power on the perceived neighborhood social 

interaction of high-rise residents. The variable with the strongest correlation to neighborhood 

interaction was age: 65 years or older. Comparing the social interaction models, this variable 

has a bigger influence on perceived interaction within the building compared to the perceived 

interaction in the neighborhood. The same observation holds true for the impact of age on the 

perceived cohesion levels at building and neighborhood level. 

There were six unique independent variables in the final multiple regression models. The 

significant links between the variables are shown in figure 9. All the found correlations were 

positive. These six independent variables are used for the path analysis, together with the four 

dependent variables. 

 

 

Figure 9 Significant effects found in the multiple regression models 

 

 

 



77 
 

6.7 Path analysis 
A path analysis was conducted to assess the significant direct and indirect effects of the building, 

neighborhood, individual and household characteristics on the perceived levels of interaction 

and cohesion at both a building and neighborhood scale level. A path model was created with 

the variables in the four final multiple regression models. Figure 10 shows the final path model. 

The path analysis was carried out using R, a software environment for statistical computing and 

graphics. The goal of the path analysis was to define a final path model which shows the 

significant direct and indirect effects on the dependent variables when the effects of all 

significant independent and dependent variables from the multiple regression analyses are 

taken into account simultaneously. All of the relationships found in the multiple regression 

analyses stay significant in the path model. The independent variables are assumed to be 

exogenous, meaning they are not influenced by the other variables in the model. While 

independent variables could influence or be influenced by other variables in the model, these 

relations are less relevant for the purpose of this analysis and are therefore disregarded. To end 

up with a final path model which only includes significant links, the insignificant correlations 

found in the path model which included all significant variables from the multiple regression 

models would be deleted. However, none of the links in that path model were insignificant. 

To get a good model fit, the final path model correlated the residuals of the social cohesion pairs 

building cohesion and neighborhood cohesion, and the social interaction pairs building 

interaction and neighborhood interaction. This final model had an RMSEA of 0.037. A value of 

0.06 or below is commonly accepted as an indication of a good model fit, so this model appears 

to have a good fit. Furthermore, the Comparative Fit Index (CFI) is 0.994. This value ranges 

from 0 to 1, where a value closer to 1 indicates a better goodness-of-fit of the model. The CFI-

value is well above the 0.95 threshold above which a model fit is generally considered as 

acceptable. The reason why correlating the residuals of the mentioned variable pairs results in 

a good model fit may be because of unmeasured (latent) variables that influence social cohesion 

or social interaction respectively, regardless of the scale level to which they relate. The links 

between the dependent variables are strong, an indication that high-rise residents who 

experience higher levels of building cohesion also generally experience higher levels of 

neighborhood cohesion. The final path model in figure 10 shows the significant causal links 

between the variables considered in this research. 
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Figure 10 Final path model 
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7. Conclusion, discussion and recommendations 
Many cities have embraced high-rise building policies without explicitly acknowledging the 

social context and possible problems that this form of housing creates (Helleman & 

Wassenberg, 2004). A lack of consideration for the social outcomes has resulted in high-rise 

residential buildings causing feelings of crowding and social alienation among its residents 

(Amick & Kviz, 1975). The local social life has often been studied on either the building or 

neighborhood scale, but has not analyzed the effect that both may have on perceived social 

cohesion of high-rise residents. The knowledge gap that this study has tried to address was the 

lack of knowledge about the differences between the social cohesion in the building and the 

social cohesion in the neighborhood, as perceived by the high-rise residents. Furthermore, little 

was known about the building and neighborhood characteristics that influence perceived social 

cohesion of high-rise residents in particular. This study aimed to gain a better understanding of 

the relation between characteristics of the living environment and perceived social cohesion 

among high-rise residents. A distinction is made between social interaction and cohesion on a 

neighborhood level and on a building level. The main research question was formulated as: 

How do individual, household, neighborhood, and building characteristics affect the 

perceived social interaction and social cohesion of high-rise residents at both building 

and neighborhood level? 

The approach for this research was to answer the research question by analyzing quantitative 

data by conducting a cross-sectional analysis. A literature study was conducted to identify the 

variables that may relate to the dependent variables. Based on the results of the literature study, 

a conceptual model was defined. Data on the residents of 32 high-rise residential buildings in 

the Dutch cities Eindhoven and Tilburg were used to test the conceptual model and answer the 

research question. After data on the operationalized variables were collected through a survey, 

and data was extracted from OpenStreetMap through the use of QGIS, the effects of the variable 

groups on the dependent variables were examined through statistical analysis. 

Based on the quantitative cross-sectional analysis of the data gathered through surveys and 

OpenStreetMap by means of ANOVAs, independent t-tests, Pearson product-moment 

correlations, it can be concluded that the one prevalent characteristic of residents with higher 

social interaction and cohesion on both building and neighborhood level is being 65 years or 

older. A more positive general perception of the social spaces in the building correlates with 

higher levels of perceived building social interaction. The perceived safety of social spaces in the 

building impacts perceived building social cohesion, which is also affected by the perceived 

quality and usage of the transitional areas in the building, and the number of hours that 

residents spend on local organizations. That commitment to local organizations is also found 

to affect perceived neighborhood social interaction. The perceived quality and usage of 

transitional areas in the building affects social cohesion on a neighborhood level as well. Lastly, 

none of the neighborhood characteristics in this study were found to significantly affect any of 

the dependent variables. 

7.1 Interpretations of the findings 
The one (dummy) variable that was consistently significant in the multiple regression models 

of all four dependent variables was age: 65 years or older. The relationship is in line with 

previous research, as it is consistently reported in studies on both social interaction and social 

cohesion. The literature (reviewed in section 2.5.2) mainly focuses on a neighborhood level. The 

finding that the elderly residents of high-rise buildings also have higher levels of social 
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interaction and social cohesion on a building level does make sense according to existing 

literature, but was not yet reported in previous studies. The finding shows that people in this 

age group do indeed seem to value their local social network more than younger residents. It 

also shows that these older high-rise residents have higher levels of social interaction and 

cohesion at both scale levels: They are not confined to the community in their building only. 

An alternative explanation for the higher levels of social interaction and cohesion on a building 

level is that senior residents tend to live in high-rise buildings with a high percentage of other 

older residents, and with more social spaces and activities in the building to accommodate the 

elderly specifically. This appeared to be the case in some of the buildings where the survey was 

distributed, but with the current dataset it cannot be said whether it had an effect on the 

dependent variables. Further research is needed to seek out if this alternative explanation holds 

true. 

The single other individual characteristic that had a significant relationship with social 

interaction and cohesion was the weekly hours spent on local organizations: 4 or more hours 

per week. It was significant in the multiple regression analyses of both perceived neighborhood 

social interaction and perceived building social cohesion. However, when the significant 

building characteristics were added, it became insignificant in the model for building cohesion. 

The exact same link with neighborhood social interaction was not found in previous research. 

Van den Berg and Timmermans (2015a) and Dassopoulos and Monnat (2011) only report a 

positive effect on an individual’s local social network size and neighborhood attachment, 

respectively. One could argue that the level of local social interaction also increases with social 

network size, so the finding does seem in line with previous findings but also adds to it. This 

relationship with neighborhood interaction, and the lack of a significant relationship of lower 

weekly hours spent on local organizations, indicate that the link between participation in local 

organizations and neighborhood interaction only occurs when a resident spends a more 

significant amount of time on local organizations. Being a member of a local organization may 

not be enough to actually have a significant effect on neighborhood social interaction. 

Furthermore, the lack of a relationship between the variable and social interaction on a building 

level indicates that participating in local organizations only affects the perceived social 

interaction in the neighborhood, but not in the building. A stronger statement could be made 

if respondents to the survey were asked whether their local organizations were located in their 

building or in their neighborhood. Future studies could also research whether the involvement 

in a local organization leads to more local social interaction outside of the hours spent at the 

organization. Those distinctions would contribute to the understanding of the effect that 

participation in local organizations on both scale levels has on perceived building social 

interaction and perceived neighborhood social interaction. 

The perceived quality and the perceived usage of the transitional areas in the building were 

significant in perceived social cohesion at both a building and neighborhood level. This deviates 

from the conceptual model; no relationships were expected between building characteristics 

and perceived neighborhood social cohesion. Dovey (1985) stated that a lack of transitional 

areas between home and public space results in a strong boundary between home and public 

space. This might also be true for the boundary between building and neighborhood. If these 

transitional areas, such as the entrance and ground floor, are of high quality and are frequently 

used as spaces to recreate, this boundary might soften and a connection between high-rise 

residents and their neighborhood is made. Gehl (2011) stated that more high-quality public 

space attracts more people. If this were to happen in the transitional areas inside the building, 

the number of superficial interactions increases, and with it the perceived social cohesion. An 
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alternative explanation for the significant relationship between the usage of the transitional 

areas in the building and perceived social cohesion in the neighborhood is that the areas may 

be accessible to other people in the neighborhood. This way, the high-rise residents get in 

contact more frequently with other people in their neighborhood. This may contribute to the 

level of perceived social cohesion on a neighborhood level. This finding of the effect of the 

quality and usage of transitional areas in the building on perceived social cohesion on both 

building and neighborhood level has not been reported in previous research. It shows that there 

are differences between the characteristics of the physical environment that affect the social life 

of high-rise residents and the characteristics that affect the social life of other neighborhood 

residents. This link between how the transitional areas in a building are experienced by the 

high-rise residents and how they perceive the social cohesion in their building and 

neighborhood deserves more attention in future research. A better understanding of the role of 

these transitional areas may influence our view on building design in a social context. In this 

study, the transitional areas like the entrance, ground floor, hallways and elevators are 

assembled in this single term. Future research could build on these findings by diving deeper 

into the different social roles of the different transitional areas, and the impact of their design 

and usage on perceived social cohesion. A new question that arose in the process was how the 

perception of transitional areas in the building actually contributes to social cohesion. To better 

understand the implications of these results, future research on social cohesion could 

differentiate between varying forms of transitional areas in the high-rise building. It would also 

be valuable to look for variation between the role of the transitional areas in different high-rise 

typologies. Future research could also take a qualitative approach, to better understand the 

views of high-rise residents on the transitional areas in their building. 

The fact that the perceived quality and usage of the transitional areas, but not of the social 

spaces in the building, have significant relationships with perceived building social cohesion 

reflects the perceived importance of these areas that are most frequently used by the high-rise 

residents. An alternative explanation for this may be that many of the buildings where the 

survey was distributed did not have spaces that have a specific social function. In buildings 

where no clear social spaces are present, the quality and usage of the transitional areas may play 

a larger role in the perceived social cohesion in the building. Future research is needed to 

investigate the role of the transitional areas in a residential building’s social life, and how that 

role changes by the presence or lack of good social spaces in the building. Regarding the social 

spaces in the building, only the perceived safety of them had a significant effect in the multiple 

regression analyses. It had a significant relationship with perceived building social cohesion and 

interaction. This relationship between safety and social cohesion has been found in previous 

studies on a neighborhood level (Child, et al., 2016; Van Dijk, Cramm, & Nieboer, 2013). On a 

building level, the link has only been found between perceived safety and level of social 

interaction (Modi, 2014) so this relationship is in line with the existing research by Modi. The 

effect of perceived safety of social spaces in the building on perceived social cohesion in the 

building may have a similar origin as the effect reported by Child et al. and Van Dijk et al. where 

the safety concerns from crime translate from a neighborhood to a building level. Because 

general safety concerns were not asked in the survey, this data may represent general safety 

concerns rather than safety in social spaces specifically. This specific relationship between 

perceived safety of social spaces and perceived building social cohesion has not been found in 

existing research during the literature study. To enrich these findings, future research which 

analyzes the perceived safety in the building could include information on specific (types of) 
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spaces in the building, as well as the general feelings of safety that the high-rise residents 

experience in their building. 

The general perception on social spaces in the building positively influences perceived building 

social interaction. This independent variable was computed by adding up the scores on 

perceived quantity, quality, usage and safety of the social spaces, and represents an overall 

satisfaction of the high-rise residents on the social spaces in their building. The reason why the 

general perception has a larger impact than the separate characteristics of the social spaces may 

be because the survey did not take into account whether or not social spaces were present in 

the observed buildings. Because the merged variable takes the perceived quantity and the other 

aspects of the social spaces into account at once, the analysis compares the perceived building 

social interaction scores of high-rise residents who have social spaces in their building of higher 

quality, frequent usage and better safety to those who have worse social spaces and to those 

who do not have social spaces in their building. The conclusion is that people with a higher 

general satisfaction of the social spaces in the building experience higher levels of social 

interaction in their building. Future research could dive deeper into the role of the social spaces 

on the social interaction levels inside high-rise buildings by finding out how frequently the high-

rise residents visit these spaces and for what reason. More information on how, why and by 

whom these spaces are used and visited would help our understanding of their importance in 

enabling and stimulating social interactions inside the building.  

Regarding the neighborhood characteristics in the conceptual model, none of them were found 

to be significant in the multiple regression analyses. Additionally, the bivariate analyses showed 

significant relationships between many of the objective neighborhood characteristics and the 

perceived social interaction and cohesion on a building level, but not on a neighborhood level. 

These characteristics were the presence of social facilities and restaurants within 500 meters, of 

supermarkets within one kilometer, the area of green open space in the neighborhood and the 

urban density. Maybe the presence of these facilities and green open space might strengthen 

the social life of the high-rise residents among themselves, therefore translating to more social 

interactions and higher levels of social cohesion in the building. However, no significant 

relationships with neighborhood characteristics were found in the multiple regression analyses. 

The lack of a significant relationship between the presence of these common facilities in the 

neighborhood and the perceived social interaction and cohesion in the neighborhood is in 

contrast with existing literature (Gehl, 2011), but may be due to the objective nature of the data. 

The data was collected from OpenStreetMap, rather than through a question in the survey. 

Survey data may have been more meaningful, as the true amount of e.g., restaurants, schools 

and supermarkets present in the area, could mean nothing to high-rise residents if they are not 

aware of their existence. The presence of facilities as perceived by the residents themselves may 

be a clearer indication that they actually pass by or visit those locations. That might have a more 

significant impact on perceived social interaction and cohesion rather than the absolute 

numbers. 

Strong correlations were found between social interaction and cohesion, as discussed in section 

5.6 of the bivariate analyses. These relationships were expected, as literature has stated before 

that it is social interaction and relationships that tie a community together (Kearns & Forrest, 

2000). There is enough of a difference between the survey questions on interaction and cohesion 

that they can be assumed to represent different elements of a high-rise resident’s social life. 

After all, the instrument with which perceived social interaction is measured in this study was 

formed by an aggregation of existing research on social interaction (Rogge, Theesfeld, & 
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Strassner, 2018; Sugiyama, Leslie, Giles-Corti, & Owen, 2008), (explained in section 3.2.2). In the 

regression models on both perceived building social cohesion and perceived neighborhood 

social cohesion, the strong positive relationship between social interaction and social cohesion 

persisted. The results show that the perceived social interaction is the strongest predictor for 

perceived social cohesion, at both building and neighborhood level. These findings strengthen 

findings by previous research, and emphasize the importance of facilitating social interaction 

in the creation of healthy community life. 

Apart from the differences in variables that significantly impact the dependent variables, the 

data shows that high-rise residents experience higher levels of perceived social interaction and 

cohesion at building level compared to neighborhood level. A higher level of social cohesion in 

the high-rise building is an indication that the people in the building do form some kind of 

community, with social ties between building residents stronger than ties with other people in 

the neighborhood. Higher levels of social interaction in the building may have different causes; 

because the high-rise residents live in the building, even though they may not actively interact 

with neighbors or engage in local activities, they are more exposed to the residents inside the 

building. If they pass through the common spaces in their building more often than through 

common spaces in their neighborhood, that may result in the difference in the perceived levels 

of social interaction between the two scales. If the reason for higher levels of social interaction 

in the building is indeed the frequency that these areas are visited, the finding that the level of 

social cohesion is higher at building level as well ties in well with existing theory. Forrest and 

Kearns (2001) stated that the common areas of a high-rise residential building are mainly used 

by the residents of the building themselves, so the social interactions in the building are likely 

between its residents. This possibly increases the perceived level of social cohesion as these 

interactions serve as opportunities for establishing weak ties between neighbors (Gehl, 2011).  

Expectations for this research were to find a substantial number of variables that related to the 

four dependent variables perceived building social interaction, perceived building social 

cohesion, perceived neighborhood social interaction and perceived neighborhood social 

cohesion, with a clear distinction between neighborhood and building where the building 

characteristics would relate to perceived social interaction and cohesion on a building level, and 

neighborhood characteristics would relate to perceived social interaction and cohesion in the 

neighborhood. However, none of the variables relating to neighborhood characteristics had a 

significant impact on any of the dependent variables. On the other hand, several building 

characteristics not only significantly related to the dependent variables on a building level, but 

to neighborhood cohesion as well. In addition, the number of significant relationships found in 

this research is lower than was expected after the literature study. 

7.2 Limitations of the research 
This research confined itself to the residents of high-rise buildings in two medium-sized Dutch 

cities. The advantage of this approach is that a good amount of data of this target group was 

collected, including high-rise resident-specific data such as their perception of the common 

spaces in their building. The downside of this approach is that due to the lack of data of other 

neighborhood residents, the data on high-rise residents cannot be compared to data of their 

low-rise neighbors. Now, no statements can be made which compare the high-rise residents 

with other residents in the neighborhood. The comparison that can be made, and is made, is 

between the data on high-rise residents in this study and the existing literature on 

neighborhood residents in general. 
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Due to the nature of the research approach of this study, with data being collected at one given 

point in time, it was not possible to clearly differentiate between social contact with fellow high-

rise residents and social contact with other people in the neighborhood. This research only 

made the distinction between the locations inside and outside the building. It might be the case 

that a part of the social interactions in the neighborhood happen between residents of the same 

high-rise building. At least to a degree, this is probable, as these residents are more likely to 

already know each other than other people in the neighborhood as they live in the same 

building. Future studies could take a different approach for data collection, like gathering data 

on social interactions through diaries. This way, new insights may be gained on the relationship 

between social interactions in the neighborhood on building and neighborhood cohesion. 

The dataset used in this study is limited to the two mentioned Dutch cities, Eindhoven and 

Tilburg. Therefore, the results that are reported do not represent residential high-rise from all 

over the world. The generalizability is limited, but it is a good representation of average 

residential high-rise in Dutch cities. The height of the buildings varied from 6 to 32 floors, which 

are common for residential high-rise in cities of comparable size. Comparisons can be made 

with Western cities of similar size, in neighborhoods with similar urban densities.  

The data collection took place during the COVID-19 pandemic in the Netherlands. Due to the 

heavy restrictions on the social life in the country in an attempt to battle the spreading of the 

virus, respondents in the survey may have had difficulties answering questions about their 

‘normal’ frequency of social interaction. Their perception of their social interactions before the 

COVID-19 pandemic may have been warped by these governmental restrictions. The data 

showed that the pandemic had a greater impact on the local social contact of residents with 

higher levels of social interaction and cohesion than on the local social contact of others. This 

finding is strengthened by the significant correlation found between the older age group and a 

relatively bigger reduction of local social contact due to the COVID-19 pandemic and the 

restrictions that came with it. The effect of the pandemic may be present in the findings. To 

actually confirm that the found results are still valid after the pandemic, the study should be 

repeated when COVID-19 no longer has a significant impact on (local) social life. 

7.3 Concluding remarks 
The aim of this study was to gain a better understanding of the relation between neighborhood 

and building characteristics from a social point of view, and to gain insights regarding the 

perceived social cohesion of high-rise residents. It makes a distinction between social 

interaction and social cohesion at a building scale and at a neighborhood scale, as perceived by 

residents of high-rise buildings. The findings on the building characteristics in this study give 

insight into what characteristics of the common spaces in a residential high-rise building are 

valued by its residents in relation to their local social life. This study has shown promise that 

characteristics of the physical environment in the building contribute to the levels of perceived 

social cohesion on both building and neighborhood level. In addition, the findings show that 

there are differences in what characteristics influence perceived building social cohesion 

compared to perceived neighborhood social cohesion. The findings of this research are in line 

with the existing theory that individual characteristics, like age and participation in local 

organizations, are major factors in a person’s local social life, but they add new insights into the 

perceived social interaction and cohesion of high-rise residents specifically. The quantitative 

research approach of this study did result in a clear answer to the research question, with an 

unexpected correlation between the perceived usage and quality of transitional areas and 

perceived neighborhood social cohesion. 
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This research has shown that the level of perceived social cohesion by residents of high-rise 

buildings may vary between a building and a neighborhood scale, where the average level of 

social cohesion in the building is perceived to be higher. Still, the perceived levels of social 

cohesion on both spatial scales are influenced by characteristics of the high-rise building. The 

perceived quality and usage of transitional areas in the building, like main entrances and 

corridors, is found to significantly impact both building cohesion and neighborhood cohesion. 

While the origin of this relationship remains unclear, the findings in this research do show that 

the level of social cohesion as perceived by high-rise residents is influenced by different 

characteristics of their living environment than the social cohesion as perceived by other 

neighborhood residents. The characteristics of the building they live in play a significant role in 

the perceived social cohesion of high-rise residents at both building and neighborhood scale. 

High perceived quality and usage of transitional areas in particular may be important 

characteristics of a building that facilitates high levels of social cohesion within its community. 

With vertical growth as an increasingly popular building policy for growing cities (Modi, 2014), 

the findings of this research should be taken into consideration in city planning, as existing 

literature on the experienced social cohesion in neighborhoods may not entirely apply to high-

rise residents. According to the findings in this research, to enable a healthy local social life for 

high-rise residents, the focus in design should be on how they experience the building they live 

in, where high-quality frequently used transitional areas may connect the residents to their 

neighborhood. 
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Appendix A: Survey 
Survey on the social and physical living environment of high-rise residents  

How do high-rise residents experience their living environment, and their contact with people in 

their neighborhood?  

The survey has been developed at the Eindhoven University of Technology and is part of the 

research “Effects of the physical environment of high-rise residential buildings on social 

cohesion and interaction at both building and neighborhood level as perceived by high-rise 

residents”. We aim to get better insight into how certain physical characteristics of the building 

and neighborhood affect the local social contact and relations of high-rise residents. We would 

be very pleased if you would take about 10 minutes of your time to complete the survey. To 

participate in this research and this survey your permission is needed. Before you decide 

whether you want to partake, you are given an explanation of the content of the research on the 

information sheet at the bottom of this page, for more details about the research and data 

collection. Please read this information carefully and ask the researcher in case you have any 

questions. There are 27 questions in this survey. 

Survey – Information Sheet  

What is the survey about?  

The survey has been developed by researchers of the faculty of the Built Environment of the 

Eindhoven University of Technology and is part of the research “Effects of the physical 

environment of high-rise residential buildings on social cohesion and interaction at both 

building and neighborhood level as perceived by high-rise residents”. We aim to get better 

insight into how certain physical characteristics of the building and neighborhood affect the 

local social contact and relations of high-rise residents. Your answers to the survey help us 

collect information about your experiences with your neighbors and your direct living 

environment. 

Who should take part? 

The target group of this survey includes residents of high-rise buildings. You are part of this 

target group which is why we ask you to partake in the survey. 

How long will it take? 

The survey takes around 10 minutes to complete. 

Do I have to take part? 

No, taking part is entirely voluntary. If you do take part, you will be asked to confirm your 

consent at the start of the survey. 

What data does the survey collect? 

In the survey you will be presented several choices concerning your experience with physical 

characteristics of your building and your neighborhood, and your social contact with your 

neighbors, and will be asked what your opinion is on the subject. The survey also includes some 

background questions (e.g., your gender, age group, education level, income group, postal code 

and current living situation), to make it possible to look at differences across groups.  
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There are no good or wrong answers to these questions. You can stop the survey at any time 

you want. 

What happens to the data? 

The research will collect and process several personal data, for example on your 

socioeconomical background (salary range, age, gender, etc.). The collection, processing and 

analysis of your answers and the storage of the data is necessary to be able to answer the 

scientific questions this study is researching and to publish the results. We ask for your 

permission to process and store your data for these purposes. All data is stored on servers of the 

Eindhoven University of Technology. For the storage of personal data additional measures are 

taken that are described below: 

Confidentiality of your data 

To protect your privacy, your data is pseudonymized with an encryption key and by allotting a 

code of numbers and characters to each participant. This way the information that might 

identify you is removed from the dataset that will be used for the research. Data can only be 

traced back to you by using the encryption key. This key is safely stored by the local research 

department and this key is strictly separated from the research data that is used for the analysis. 

The encryption key is solely available to the researcher Sam Verhage and his direct supervisors: 

Pauline van den Berg and Astrid Kemperman. Additionally, the encryption key will be destroyed 

at the end of the research, making re-identification of personal data through use of the key 

impossible. The data from the survey will also be merged into group categories which makes 

retracing data from the survey to specific individuals near impossible. The combination of these 

measures ensures that research data will not be retraceable to you in scientific reports and 

publications about the research, and that the data used in this research is exclusively available 

in anonymized form. 

Exclusive data will also be merged to group level, analyzed and published for scientific purposes, 

like scientific articles and reports. No individual responses in the survey will be made public. 

The data will be exclusively used for scientific purposes. Because collected data is merged to 

group level, it cannot be traced back to you in reports and publications about the research. 

All information will be treated confidentially in accordance with the requirements by AVG. The 

TU/e privacy policy can be found at: https://www.tue.nl/storage/privacy/. 

Risks in participation in this research 

A risk is personal data unwantedly made public. But this risk is minimal due to the 

implementation of pseudonymization and at the end of the research anonymization of the data. 

Because the encryption key and your pseudonymized data are stored separately, the chance of 

your personal data leaking is small.  

Whom can I contact if I have queries or concerns about the survey? 

In case of any questions, please send an email to Sam Verhage: s.verhage@student.tue.nl. If you 

have complaints about this research, you can contact Pauline van den Berg 

(p.e.w.v.d.berg@tue.nl) or Astrid Kemperman (a.d.a.m.kemperman@tue.nl). You can report 

irregularities regarding the scientific integrity to TU/e counselors. 

Permission and Informed Consent 

https://www.tue.nl/storage/privacy/
mailto:s.verhage@student.tue.nl
mailto:p.e.w.v.d.berg@tue.nl
mailto:a.d.a.m.kemperman@tue.nl
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Before participating in scientific research, it is important for participants to know that 

participating is entirely voluntary and we need your permission to have you partake in the 

research and to process the data that you give us by filling in the survey. Please read the 

statements below carefully. If you agree with these statements, you can give your permission at 

the end of this page. If you do not agree, you can close the survey. 

By participating in this research, I agree to the following: 

- I have read and understood the information about this research. I have had, if necessary, the 

opportunity to ask questions to the researchers that are conducting this research. I understand 

that I am free to contact the researcher with questions about the research in the future. 

- I participate voluntarily on this survey and understand that I can refuse to answer or stop the 

survey at any given moment, without having to give any reason. 

- I consent the usage and storage of the information that I provide in this survey for the purpose 

of the research “Effects of the physical environment of high-rise residential buildings on social 

cohesion and interaction at both building and neighborhood level as perceived by high-rise 

residents”. 

- I understand that all personal information that could identify me (e.g., name, e-mail address, 

postal code, etc.) is processed confidentially and will not be shared with third parties. 

- I understand that the information that I provide cannot be traced back to me through reports 

and scientific publications about this research. 

- I consent to the storage of anonymized information from the survey in data-archives, so that 

this may be used for future research in the field of city planning. 

- I have read and understand the statements on this page and I agree to all these statements. 

Please select one of the following options: 

Building characteristics  

These questions regard your opinion on physical characteristics of the residential building that 

you live in.  

What is your postal code including letters (no space)?  

 

Indicate how much you agree or disagree with the following statements about the social spaces 

in your building. Social spaces are places where people come together, and places for recreation. 

Think of cafeteria, seating areas, and such.  

 
Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither agree 

nor disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

I am satisfied about the 

quantity of social 

spaces in my building  
Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  
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Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither agree 

nor disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

I am satisfied about the 

quality of the social 

spaces in my building  
Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

The social spaces in my 

building are frequently 

used  
Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

I feel safe in the social 

spaces in my building  Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

On a scale from 1 (strongly disagree) to 7 (strongly agree), indicate how much you agree or 

disagree with the following statements about the transitional areas in your building. (These are 

for example entrances, corridors, elevators.)  

 
Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

I am satisfied about the 

quality of the 

transitional areas in my 

building  

Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

The transitional areas in 

my building are 

frequently used as 

places to stay  

Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

I feel safe in the 

transitional areas in my 

building  
Strongly 

disagree  
Disagree  

Somewhat 

disagree  

Neither 

agree nor 

disagree  

Somewhat 

agree  
Agree  

Strongly 

agree  

No 

answer  

Building Social Cohesion  

This section regards your building and your contact with people in your building. Later in 

the survey there are questions about your neighborhood and the people living in your 

neighborhood. Disregard these for now. 

To what extent do you agree or disagree with the following statements?  

 
Strongly 

disagree  
Disagree  

Neither agree 

nor disagree  
Agree  

Strongly 

agree  

No 

answer  

I feel like I belong to this building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  
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Strongly 

disagree  
Disagree  

Neither agree 

nor disagree  
Agree  

Strongly 

agree  

No 

answer  

The friendships and associations I have with 

other people in my building mean a lot to me  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

If the people in my building were planning 

something I’d think of it as something “we” 

were doing rather than “they” were doing  
Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I think I agree with most people in my building 

about what is important in life  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I feel loyal to the people in my building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I would be willing to work together with others 

on something to improve my building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I like to think of myself as similar to the people 

who live in this building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

A feeling of fellowship runs deep between me 

and other people in this building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Living in this building gives me a sense of 

community  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Overall, I am very attracted to living in this 

building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Given the opportunity, I would like to move out 

of this building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I plan to remain a resident of this building for a 

number of years  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  
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Strongly 

disagree  
Disagree  

Neither agree 

nor disagree  
Agree  

Strongly 

agree  

No 

answer  

I visit my neighbors (in this building) in their 

homes  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

If I needed advice about something I could go to 

someone in my building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I believe my neighbors (in this building) would 

help me in an emergency  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I borrow things and exchange favors with my 

neighbors (in this building)  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I rarely have neighbors (in this building) over to 

my house to visit  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I regularly stop and talk with people in my 

building  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Neighborhood characteristics  

These questions regard your opinion on several characteristics of your neighborhood.  

On a scale from 1 (strongly disagree) to 7 (strongly agree), indicate how much you agree or 

disagree with the following statements about your neighborhood. 

 
Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

The speed of traffic in my 

neighborhood is usually slow 

(30 mph/50 kmh or less)  
Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

The traffic in my 

neighborhood poses no 

danger to pedestrians  
Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

My neighborhood streets are 

well lit at night  Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  
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Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

I feel safe when walking in my 

neighborhood  Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

There are plenty of open 

gathering places in my 

neighborhood  
Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

I live in a green neighborhood  Totally 

disagree  
Disagree  

Somewhat 

disagree  
Neutral  

Somewhat 

agree  
Agree  

Totally 

agree  

No 

answer  

Neighborhood Social Cohesion  

This section regards your neighborhood and your contact with people in your 

neighborhood. 

To what extent do you agree or disagree with the following statements?  

 
Strongly 

disagree  
Disagree  

Neither agree 

nor disagree  
Agree  

Strongly 

agree  

No 

answer  

I feel like I belong to this neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

The friendships and associations I have with 

other people in my neighborhood mean a lot to 

me  
Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

If the people in my neighborhood were planning 

something I’d think of it as something “we” were 

doing rather than “they” were doing  
Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I think I agree with most people in my 

neighborhood about what is important in life  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I feel loyal to the people in my neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I would be willing to work together with others 

on something to improve my neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  
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Strongly 

disagree  
Disagree  

Neither agree 

nor disagree  
Agree  

Strongly 

agree  

No 

answer  

I like to think of myself as similar to the people 

who live in this neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

A feeling of fellowship runs deep between me 

and other people in this neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Living in this neighborhood gives me a sense of 

community  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Overall, I am very attracted to living in this 

neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Given the opportunity, I would like to move out 

of this neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I plan to remain a resident of this neighborhood 

for a number of years  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I visit my neighbors in their homes  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

If I needed advice about something I could go to 

someone in my neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I believe my neighbors would help me in an 

emergency  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I borrow things and exchange favors with my 

neighbors  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

I rarely have neighbors over to my house to visit  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  
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Strongly 

disagree  
Disagree  

Neither agree 

nor disagree  
Agree  

Strongly 

agree  

No 

answer  

I regularly stop and talk with people in my 

neighborhood  Strongly 

disagree  
Disagree  

Neither 

agree nor 

disagree  
Agree  

Strongly 

agree  

No 

answer  

Social Interaction  

These questions regard the contact between you and your neighbors. 

How often do you greet your neighbors  

 
(Almost) 

never  

1 time 

per year  

2-11 

times 

per year  

1 time 

per 

month  

2-3 times 

per 

month  

1 time 

per 

week  

2-5 times 

per week  

(Almost) 

daily  

No 

answer  

In buildings in your 

neighborhood (e.g. 

supermarkets, cafetaria)  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

In your neighborhood's 

public space (e.g. streets, 

squares, parks)  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

In social spaces in your 

building (e.g. cafetaria, 

seating areas)  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

In transitional areas in 

your building (e.g. 

entrances, corridors, 

elevators)  

(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

How often do you stop to talk with a neighbor 

 
(Almost) 

never  

1 time 

per year  

2-11 

times 

per year  

1 time 

per 

month  

2-3 times 

per 

month  

1 time 

per 

week  

2-5 times 

per week  

(Almost) 

daily  

No 

answer  

In buildings in your 

neighborhood (e.g. 

supermarkets, cafetaria)  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

In your neighborhood's 

public space (e.g. streets, 

squares, parks)  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

In social spaces in your 

building (e.g. cafetaria, 

seating areas)  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  
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(Almost) 

never  

1 time 

per year  

2-11 

times 

per year  

1 time 

per 

month  

2-3 times 

per 

month  

1 time 

per 

week  

2-5 times 

per week  

(Almost) 

daily  

No 

answer  

In transitional areas in 

your building (e.g. 

entrances, corridors, 

elevators)  

(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

How often  

 
(Almost) 

never  

1 time 

per year  

2-11 

times per 

year  

1 time 

per 

month  

2-3 times 

per month  

1 time 

per 

week  

2-5 times 

per week  

(Almost) 

daily  

No 

answer  

Do you have people from 

your neighborhood come 

over to your home?  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

Do you have people from 

your building come over 

to your home?  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

Do you visit people in 

your neighborhood in 

their homes?  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

Do you visit people in 

your building in their 

homes?  
(Almost) 

never  

1 

time per 

year  

2-

11 times 

per year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

How often do you engage in social activities  

 
(Almost) 

never  

1 time 

per year  

2-11 times 

per year  

1 time per 

month  

2-3 times 

per month  

1 time 

per week  

2-5 times 

per week  

(Almost) 

daily  

No 

answer  

In your 

neighborhood  (Almost) 

never  

1 

time per 

year  

2-11 

times per 

year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

In your building  (Almost) 

never  

1 

time per 

year  

2-11 

times per 

year  

1 

time per 

month  

2-3 

times per 

month  

1 

time per 

week  

2-5 

times per 

week  

(Almost) 

daily  

No 

answer  

How important or unimportant do you find your social exchanges 

 
1 - Very 

unimportant  
2  3  4  5  6  7  8  9  

10 - Very 

important  

No 

answer  

With the people in 

your neighborhood  
1 - Very 

unimportant  2  3  4  5  6  7  8  9  
10 - Very 

important  

No 

answer  
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1 - Very 

unimportant  
2  3  4  5  6  7  8  9  

10 - Very 

important  

No 

answer  

With the people in 

your building  
1 - Very 

unimportant  2  3  4  5  6  7  8  9  
10 - Very 

important  

No 

answer  

What influence has the COVID-19 pandemic had on your contact with your neighbors? 

 
Much less 

contact  

Less 

contact  

Slightly less 

contact  

Had no 

influence  

Slightly 

more 

contact  

More 

contact  

Much more 

contact  

No 

answer  

With the people in 

your neighborhood  
Much 

less contact  

Less 

contact  
Slightly less 

contact  

Had no 

influence  

Slightly 

more 

contact  

More 

contact  

Much 

more 

contact  

No 

answer  

With the people in 

your building  
Much 

less contact  

Less 

contact  
Slightly less 

contact  

Had no 

influence  

Slightly 

more 

contact  

More 

contact  

Much 

more 

contact  

No 

answer  

Household characteristics  

These questions regard a few general characteristics of your household.  

What is the composition of your household?  

Choose one of the following answers 

• Single person household  

• (Married) couple without resident child(ren)  

• (Married) couple with resident child(ren)  

• Single parent household  

• Other  

• No answer  

Does your household have a car available for use?  

Choose one of the following answers 

• Yes, one car  

• Yes, more than one car  

• No  

• No answer  
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What is your household's monthly netto income, including salary, social benefits, and pension 

income? 

Choose one of the following answers 

• Less than €1000 a month  

• €1001 - €2000 a month  

• €2001 - €3000 a month  

• €3001 - €4000 a month  

• More than €4001 a month  

• I do not know  

• I would rather not say  

• No answer  

The netto income is the amount that is transferred to your account on a monthly basis. If your 

household has multiple sources of income, please take the sum of these amounts. 

Individual characteristics  

Following are some general questions about you as an individual. This is the last question group 

of the survey. 

Of how many local organisations/associations are you a member? 

Only numbers may be entered in this field. 

 

organization(s)/association(s) 

"Local" refers to the municipality where you live. Examples include a sports association, music 

association, neighborhood association, women's association, student association, political 

party/-organization, religious organization, volunteer association, et cetera. 

How many hours a week do you spend on the organizations/associations of which you are a 

member in total? 

Only numbers may be entered in this field. 

 

hours a week 

What is your gender?  

Choose one of the following answers 
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• Female  

• Male  

• Other:  

 

• No answer  

What is your age?  

Choose one of the following answers 

• 18-24 years old  

• 25-34 years old  

• 35-44 years old  

• 45-54 years old  

• 55-64 years old  

• 65 years or older  

• No answer  

To which ethnic group do you belong?  

Check all that apply 

• Dutch  

• Belgian  

• Turkish  

• Moroccan  

• Polish  

• Surinamese  

• Antillean/Aruban  

• No answer  

• Other, namely:  
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How would you describe your overall state of health these days?  

Choose one of the following answers 

• Poor  

• Fair  

• Good  

• Very good  

• Excellent  

• No answer  

What is your highest degree of level of school you have completed?  

Choose one of the following answers 

• Primary school or less  

• MAVO / VMBO / Lower vocational education  

• Secondary vocational education  

• HAVO / VWO  

• Higher professional education / Bachelor's degree  

• University, Master's degree  

• No answer  

What is your current employment status?  

Check all that apply 

• Employed full-time (36+ hours a week)  

• Employed part-time (12-35 hours a week)  

• Employed part-time (less than 12 hours a week)  

• Student  

• Unemployed  
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• Retired  

• No answer  

For how many years have you been living in this neighborhood?  

Only numbers may be entered in this field. 

 

years 

For how many years have you been living at this address?  

Only numbers may be entered in this field. 

 

years 

Do you live in an owner-occupied dwelling or in a rented dwelling? 

Choose one of the following answers 

• Owner-occupied dwelling  

• Rented dwelling  

• No answer  

Additional remarks  

Do you have any additional remarks?  
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Appendix B: Invitation to the survey 
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Appendix C: Recoding of the variables 
The raw data collected from the survey and observations, from QGIS and from the CBS had to 

be prepared for analysis. The measures taken during data preparation are described in this 

appendix. The presumed normal distribution of the raw data of interval and ratio variables is 

analyzed through their histograms and normal Q-Q plots. If a normal distribution is absent, the 

recoding of those variables is described. Multiple nominal and ordinal variables needed 

recoding, as they consisted of too many groups to be analyzed properly. As far as outliers and 

missing values are present, the former will be recoded or omitted, and the latter will be replaced 

by the average score of that variable unless stated otherwise. 

Building characteristics 
The seven Likert questions in the survey are converted to scores ranging from (1) Strongly 

disagree to (7) Strongly agree. Those variables are considered as interval variables in the 

analysis. The number of apartments in the building is recoded, which is explained here. 

Number of apartments in the building 
The number of apartments of the 32 buildings in the dataset ranged from 36 to 616, with the 

latter being a clear exception. There is no normal distribution, so the buildings are categorized 

in three groups. The distinction is made between buildings with fewer than 75 apartments, 

buildings with 75 to 150 apartments, and buildings with more than 150 apartments. These sizes 

for the groups are easy to interpret in the analysis. 

 

Table A1 Recoding of number of apartments 

# Apartments in the building N % Recoded to N % 

36 5 2.6 

<75 70 36.6 

42 6 3.1 

48 12 6.3 

55 9 4.7 

60 7 3.7 

65 7 3.7 

72 24 12.6 

77 11 5.8 

75-150 80 41.9 

80 5 2.6 

82 6 3.1 

84 2 1 

99 3 1.6 

108 10 5.2 

112 10 5.2 

122 3 1.6 

136 11 5.8 

140 6 3.1 

150 13 6.8 

246 10 5.2 

>150 41 21.5 256 11 5.8 

616 20 10.5 

Total 191 100 100 191 100 
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Neighborhood characteristics 
The interval variables required no recoding, but most of the neighborhood variables needed 

recoding for the results to be interpretable. Because neighborhood characteristics like the 

number of facilities in the neighborhood were measured on a building scale, the variables would 

just represent the specific 32 buildings in the dataset rather than what they are supposed to 

represent. This section describes the recoding of those variables. Perceived neighborhood safety 

was supposed to be measured by treating the four safety-related Likert scale questions (traffic 

speed, perceived traffic danger, streets well lit, feeling safe when walking in the neighborhood) 

as numerical, and adding up the scores. However, due to the low internal validity (Cronbach’s 

Alpha of 0.576) it was decided to treat the four items as four individual variables.  

Bars and pubs in a 500m radius 
The number of bars and pubs within 500 meters of the building varied between 0 and 59, but 

the majority of the high-rise residents had either 0 or 1 bar or pub in their area. Because of this, 

and the lack of a normal distribution, the variable was split up in three groups: 0 bars or pubs, 1 

bar or pub, and 2 bars or pubs or more. 

Table A2 Recoding of bars and pubs in a 500-meter radius 

# Bars and pubs in a 500m radius N % Recoded to N % 

0 73 38.2 0 73 38.2 

1 54 28.3 1 54 28.3 

2 13 6.8 

2 or more 64 33.5 

3 10 5.2 

4 2 1 

7 4 2.1 

14 11 5.8 

19 20 10.5 

59 4 2.1 

Total 191 100 100 191 100 

 

Cafés in a 500m radius 
For the number of cafés within a 500-meter radius, similarities with the number of bars and 

pubs are apparent. For the same reasons, the variable is split up into the same three groups: 0 

cafés, 1 café, and 2 or more cafés. 

Table A3 Recoding of cafés in a 500-meter radius 

# Cafés in a 500m radius N % Recoded to N % 

0 73 38.2 0 73 38.2 

1 56 29.3 1 56 29.3 

2 11 5.8 

2 or more 62 32.5 

3 4 2.1 

6 10 5.2 

7 2 1 

12 4 2.1 

13 11 5.8 

18 20 10.5 

Total 191 100 100 191 100 
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Restaurants in a 500m radius 
The number of restaurants within 500 meters of the building varies between 0 and 79, with 0 

and 2 restaurants as the most frequent number. Because the buildings with significantly more 

restaurants in the area are most likely also located in high-density neighborhoods, it was 

decided to split up the data in the three groups shown in table A4. This avoids a complete 

overlap with the variable of urban density.  

Table A4 Recoding of restaurants in a 500-meter radius 

# Restaurants in a 500m radius N % Recoded to N % 

0 43 22.5 0 43 22.5 

1 5 2.6 
1-2 51 26.7 

2 46 24.1 

3 21 11 

3 or more 97 50.8 

4 1 0.5 

5 11 5.8 

6 6 3.1 

8 10 5.2 

9 4 2.1 

11 2 1 

12 7 3.7 

47 11 5.8 

57 20 10.5 

79 4 2.1 

Total 191 100 100 191 100 

 

Supermarkets in a 500m radius 
The data shows that it is common to have at least one supermarket within a 500-meter radius 

of a high-rise residential building. The three groups in table A5 show a clear distinction between 

residents with no supermarkets in this area, residents with at least one supermarket in the area, 

and residents with 3 or more (and therefore more than they probably visit) in their area. 

Table A5 Recoding of supermarkets in a 500-meter radius 

# Supermarkets in a 500m radius N % Recoded to N % 

0 19 9.9 0 19 9.9 

1 45 23.6 
1-2 57 29.8 

2 12 6.3 

3 85 44.5 

3 or more 115 60.2 4 24 12.6 

5 6 3.1 

Total 191 100 100 191 100 

 

Supermarkets in a 1km radius 
According to Van den Berg, Arentze and Timmermans (2015b), the presence of certain 

neighborhood facilities like supermarkets within one kilometer from their home has a positive 

impact on the social interaction of residents in the neighborhood. In this study the absolute 

number of those facilities are analyzed. Nearly no high-rise residents live further away than one 

kilometer from the nearest supermarket. The number of restaurants within one kilometer is 

recoded to the four groups shown in table A6: 0, 1 to 3, 4 to 6, and 7 or more supermarkets. 
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Table A6 Recoding of supermarkets in a 1-kilometer radius 

# Supermarkets in a 1km radius N % Recoded to N % 

0 3 1.6 0 3 1.6 

2 21 11.0 
1-3 54 28.3 

3 33 17.3 

4 17 8.9 

4-6 70 36.6 5 26 13.6 

6 27 14.1 

7 18 9.4 

7 or more 64 33.5 8 35 18.3 

11 11 5.8 

Total 191 100 100 134 100 

 

Area of green open space 
The area of green open space was measured in absolute percentages of accessible grass in a 500-

meter radius. Less than 5% represents neighborhoods with a low amount of green open space, 

5-20% is considered within the average range, and over 20% accessible green is considered to 

represent a green neighborhood. 

Table A7 Recoding of area of green open space 

% Accessible grass as land use in 
a 500m radius N % Recoded to N % 

2.88 20 10.5 

<5% 52 27.2 

3.03 11 5.8 

4.16 4 2.1 

4.73 7 3.7 

4.88 10 5.2 

7.28 6 3.1 

5-20% 84 44.0 

7.35 4 2.1 

7.43 4 2.1 

7.79 5 2.6 

8.87 10 5.2 

9.41 2 1 

9.43 11 5.8 

11.42 6 3.1 

12.07 5 2.6 

12.24 4 2.1 

12.32 3 1.6 

12.79 10 5.2 

13.5 6 3.1 

13.54 2 1 

13.78 4 2.1 

14.04 1 0.5 

15.06 1 0.5 

20.11 7 3.7 

>20% 55 28.8 

20.29 13 6.8 

22.06 4 2.1 

22.65 2 1 

23.66 14 7.3 

24 1 0.5 
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24.82 8 4.2 

32.37 6 3.1 

Total 191 100 100 191 100 

 

Urban density 
The recoding of urban density was done according to the five degrees of urbanization as defined 

by the Central Bureau of Statistics in the Netherlands (CBS, 2020). None of the areas around the 

buildings had less than 1,000 addresses. Between 1,000 and 1,500 is considered a moderately 

urbanized area. 1,500 to 2,500 is strongly urbanized, and an area with over 2,500 addresses is 

considered extremely urbanized. Table A8 shows that most of the buildings in the sample were 

located in extremely urbanized neighborhoods. 

Table A8 Recoding of urban density 

# Addresses in a 1000m x 1000m 
square area N % Recoded to N % 

1278 3 1.6 
Moderately urbanized 11 5.8 

1491 8 4.2 

1509 14 7.3 

Strongly urbanized 45 23.6 

1818 4 2.1 

1945 10 5.2 

2131 6 3.1 

2235 5 2.6 

2470 6 3.1 

2578 13 6.8 

Extremely urbanized 135 70.7 

2886 18 9.4 

2948 1 0.5 

2962 4 2.1 

3019 7 3.7 

3395 14 7.3 

3521 10 5.2 

3587 10 5.2 

3687 12 6.3 

3817 4 2.1 

4048 11 5.8 

4441 11 5.8 

4496 20 10.5 

Total 191 100 100 191 100 

 

Individual characteristics 
There are 11 individual characteristics included in this study. The variables gender and home 

ownership did not need recoding. The steps taken for recoding the other variables are described 

below. 

Membership of local organizations/associations 
In the end it was decided to bring back the data on this variable to two groups: High-rise 

residents that do not have a membership at a local organization, and those who do. Table A9 

shows that there are some outliers, which are not considered to be valid answers. With two 
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groups, the variable is easy to interpret and has less overlap with the weekly hours spent at local 

organizations. 

Table A9 Recoding of memberships of local organizations 

Memberships of local organizations N % Recoded to N % 

0 103 53.9 No 103 53.9 

1 48 25.1 

Yes 88 46.1 

2 23 12.0 

3 10 5.2 

4 2 1.0 

5 2 1.0 

12 1 0.5 

22 1 0.5 

75 1 0.5 

Total 191 100  191 100 

 

Weekly hours spent on local organizations/associations 
This variable was split up into three groups that are easily compared. The first group is formed 

by respondents who do not spend any time on local organizations. The other two groups are 

split up in a way that they have similar sample sizes (see table A10). Additionally, people who 

spend 1 to 3 hours a week on local organizations are considered to put in a decent effort, 

compared to people who spend 4 hours or more a week who are considered to be more intensely 

involved in their local organizations. 

Table A10 Recoding of weekly hours spent on local organizations  

Weekly hours spent on organizations N % Recoded to N % 

0 108 49.2 0 108 56.5 

0.5 2 1.0 

1-3 41 21.5 
1 8 4.2 

2 14 7.3 

3 17 8.9 

4 9 4.7 

4 or more 42 22.0 

5 11 5.8 

6 6 3.1 

10 6 3.1 

12 2 1.0 

14 1 0.5 

20 2 1.0 

25 2 1.0 

35 1 0.5 

40 1 0.5 

120 1 0.5 

Total 191 100  191 100 
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Age 
Data on age was gathered by asking respondents to what age group they belonged. As can be 

seen in table A11, the ordinal variable with 6 classes has been recoded into an ordinal variable 

with 3 classes: (1) 18-34 years old, (2) 35-64 years old, (3) 65 years or older. 

Table A11 Recoding of age 

Age N % Recoded to N % 

18-24 years old 10 5.2 
18-34 years old 66 34.6 

25-34 years old 56 29.3 

35-44 years old 12 6.3 

35-64 years old 42 22.0 45-54 years old 18 9.4 

55-64 years old 12 6.3 

65 years or older 83 43.5 65 years or older 83 43.5 

Total 191 100.0  191 100 

Ethnicity 
The respondents were asked to which ethnic group they belonged. As can be derived from table 

A12, nearly none of the non-Dutch respondents belonged to the ethnic groups in the answer 

options. Of the 36 respondents that answered ‘Other’, 26 respondents specified their ethnic 

group: 1 Asian, 2 Danish, 1 Egyptian, 1 European White, 1 French, 2 German, 2 Greek, 7 Indian, 1 

Indonesian, 1 Iranian, 1 North American, 2 Portuguese, 1 Romanian, 2 Spanish, and 1 UK. The 

nominal variable with 8 classes has been recoded into a dichotomous nominal variable: (1) 

Dutch, and (2) Non-Dutch (see table A12). 

Table A12 Recoding of ethnicity 

Ethnicity N % Recoded to N % 

Dutch 151 79.1 Dutch 151 79.1 

Belgian 1 0.5 

Non-Dutch 40 20.9 

Turkish 2 1.0 

Moroccan 1 0.5 

Polish 0 0.0 

Surinamese 0 0.0 

Antillean/Aruban 0 0.0 

Other 36 18.8 

Total 191 100  191 100 

Health status 
This variable was brought back from five groups to three. There was no normal distribution, the 

three recoded levels of perceived health are (1) not so good, (2) good and (3) very good. 

Table A13 Recoding of health status 

Health status N % Recoded to N % 

Poor 3 1.6 
Not so good 23 12.0 

Fair 20 10.5 

Good 104 54.5 Good 104 54.5 

Very good 41 21.5 
Very good 64 33.5 

Excellent 23 12.0 

Total 191 100  191 100 
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Education level 
The education level of the high-rise residents was measured with six answer options, which are 

brought back to three groups. These groups are the same as identified by the Central Bureau of 

Statistics in the Netherlands (CBS, 2020). 

Table A14 Recoding of education level 

Education level N % Recoded to N % 

Primary school or less 1 0.5 
Low 10 5.2 

MAVO / VMBO / Lower vocational education 9 4.7 

Secondary vocational education 33 17.3 
Medium 53 27.7 

HAVO / VWO 20 10.5 

Higher professional education / Bachelor's degree 78 40.8 
High 128 67.0 

University, Master's degree 50 26.2 

Total 191 100  191 100 

Employment status 
Table A15 shows that of the original responses in the survey, several answer options had a very 

limited sample size. The choice was made to merge these answer options into one group. Now 

the variable only differentiates between fulltime workers, retired residents, and those who are 

neither. 

Table A15 Recoding of employment status 

Employment status N % Recoded to N % 

Employed full-time (36+ hours a week) 75 39.3 Fulltime 75 39.3 

Employed part-time (12-35 hours a week) 10 5.2 

Other 30 15.7 
Employed part-time (less than 12 hours a week) 2 1.0 

Student 12 6.3 

Unemployed 6 3.1 

Retired 86 45.0 Retired 86 45.0 

Total 191 100  191 100 

 

Length of residence on their current address 
Respondents of the survey were asked how many years they have lived at their current address. 

As the histogram and normal Q-Q plot show (figure A1 and A2), the significant number of 

respondents that have lived less than two years on their current address and the outliers that 

have lived there for a long time cause the data to not be normally distributed. For the analysis, 

the ratio variable has been recoded into an ordinal variable with three classes, see table A16. 
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Figure A1 Histogram of length of residence at current address 

 

Figure A2 Q-Q plot of length of residence at current address 
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Table A16 Recoding of length of residence at current address 

Length of residence at current address N % Recoded to N % 

0 6 3.1 

0-2 years 65 34.0 1 40 20.9 

2 19 9.9 

3 18 9.4 

3-10 years 65 34.0 

4 15 7.9 

5 4 2.1 

6 10 5.2 

7 9 4.7 

8 4 2.1 

9 2 1.0 

10 3 1.6 

11 1 0.5 

11 or more years 61 31.9 

12 8 4.2 

13 4 2.1 

14 6 3.1 

15 1 0.5 

16 8 4.2 

17 1 0.5 

18 3 1.6 

19 4 2.1 

20 7 3.7 

21 2 1.0 

22 4 2.1 

24 1 0.5 

25 1 0.5 

26 1 0.5 

30 1 0.5 

32 1 0.5 

35 1 0.5 

40 2 1.0 

46 1 0.5 

48 1 0.5 

49 1 0.5 

66 1 0.5 

Total 191 100  191 100 

Length of residence in the neighborhood 
This variable was recoded in a similar way as the length of residence at current address. 
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Figure A3 Histogram of length of residence in neighborhood 

 

Figure A4 Q-Q plot of length of residence in neighborhood 
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Household characteristics 
Three household characteristics are considered in this study. The recoding of these variables is 

explained below. 

Household composition 
As table A17 shows, nearly all respondents either lived alone or lived together with their 

significant other. All options other than single person household were merged into the group 

multi-person household. 

Table A17 Recoding of household composition 

Household composition N % Recoded to N % 

Single person household 78 40.8 
Single person 

household 
78 40.8 

(Married) couple without resident child(ren) 103 53.9 
Multi-person 

household 
113 59.2 (Married) couple with resident child(ren) 4 2.1 

Other 6 3.1 

Total 191 100  191 100 

Car availability 
As table A18 shows, the number of respondents with access to more than one car is limited. For 

easier interpretation, all households who have a car available to them are merged into one 

group. 

Table A18 Recoding of car availability 

Car availability N % Recoded to N % 

Yes, one car 121 63.4 
Yes 135 70.7 

Yes, more than one car 14 7.3 

No 56 29.3 No 56 29.3 

Total 191 100  191 100 

Household income 
Table A19 shows the recoding for household income. The two lowest income value were 

combined to represent a below average income. Between €2,001 and €3,000 a month is 

considered an average household income. More than that is considered above average. 

Table A19 Recoding of household income 

Household income (netto) N % Recoded to N % 

Less than €1000 a month 8 4.2 
Below average 34 17.8 

€1001 - €2000 a month 26 13.6 

€2001 - €3000 a month 89 30.4 Average 89 46.6 

€3001 - €4000 a month 31 16.2 
Above average 68 35.6 

More than €4001 a month 37 19.4 

Total 191 100  191 100 

Dependent variables 
Perceived building social interaction was calculated by summing up the scores of the five 

questions regarding social interaction frequency, and the perceived importance of building 

social interaction according to the respondent. Perceived neighborhood social interaction was 

produced in the same way. The answer options for the five questions ranged from (almost) never 

to (almost) daily, which were translated to a score ranging from 1 to 8. The assumption is made 

that the jumps between the options are similar, such that the questions may be taken as interval 
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variables. The combined variable is then a score, with a ratio as its measurement level. The 

internal validity of these variables was very good. Building interaction had a Cronbach’s Alpha 

of 0.831, and neighborhood interaction had a Cronbach’s Alpha of 0.813. 

The social cohesion scores for both building and neighborhood level were calculated by adding 

the scores of the answers to the 18 question items from Buckner, which are presented in the 

survey (see appendix A). This means the 1-5 Likert scale answers were considered numerical, 

which is acceptable for a full Likert scale composed of multiple items, as is the case here. This 

is confirmed by the excellent internal validity. Both building cohesion and neighborhood 

cohesion had a Cronbach’s Alpha value of 0.925. The answer “strongly disagree” equals 1 point. 

The other answers “disagree”, “neither agree nor disagree”, “agree” and “strongly agree” equal 2, 

3, 4, and 5 points respectively. This means that total social cohesion scores range from 18 points 

to 90 points, adding up the scores from all 18 items. Most of the items are positively keyed, but 

items 11 and 17 are negatively keyed. These two items require recoding before the overall score 

is computed. For these questions, the scores are flipped: 5 = 1; 4 = 2; 3 = 3; 2 = 4; 1 = 5 (Buckner, 

1988). 
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Appendix D: Histograms for data description 
Histograms of building characteristics 

 

 

Figure A5 Histogram of perceived quantity of social spaces 

 

Figure A6 Histogram of perceived quality of social spaces 
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Figure A7 Histogram of perceived usage of social spaces 

 

Figure A8 Histogram of perceived safety of social spaces 
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Figure A9 Histogram of perceived quality of transitional areas 

 

Figure A10 Histogram of perceived usage of transitional areas 
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Figure A11 Histogram of perceived safety of transitional areas 

Histograms of neighborhood characteristics 

 

Figure A12 Histogram of perceived traffic speed in the neighborhood 
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Figure A13 Histogram of perceived danger of traffic in the neighborhood 

 

Figure A14 Histogram of perceived lighting of streets in the neighborhood 
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Figure A15 Histogram of perceived safety when walking in the neighborhood 

 

Figure A16 Histogram of perceived quantity of gathering places in the neighborhood 
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Figure A17 Histogram of perceived greenness of the neighborhood 

Histograms of COVID-19 pandemic variables 

 

Figure A18 Histogram of the influence of the COVID-19 pandemic on building social contact 
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Figure A19 Histogram of the influence of the COVID-19 pandemic on neighborhood social contact 

Histograms of dependent variables 

 

Figure A20 Histogram of perceived building social interaction 



128 
 

 

Figure A21 Histogram of perceived neighborhood social interaction 

 

Figure A22 Histogram of perceived building social cohesion 
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Figure A23 Histogram of perceived neighborhood social cohesion 
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Appendix E: Bivariate analysis tables for the social influence of the 

COVID-19 pandemic 
Table A20 Pearson’s product-moment correlations building characteristics on COVID variables 

 COVID on building interaction 
COVID on neighborhood 

interaction 

Pearson's Rho r Sig. (2-tailed) r Sig. (2-tailed) 

Quantity social spaces -0.095 0.192 -0.037 0.615 

Quality social spaces -0.138 0.058 -0.045 0.533 

Usage social spaces -0.069 0.341 -0.051 0.483 

Safety social spaces -0.116 0.111 -0.071 0.328 

Quality transitional areas -0.046 0.525 0.061 0.401 

Usage transitional areas -0.054 0.459 -0.102 0.161 

Safety transitional areas 0.051 0.483 0.162 0.025 

 

Table A21 One-way ANOVA of building characteristics on COVID variables 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Number of apartments 
F Sig. (2-tailed) F Sig. (2-tailed) 

1.11 0.331 4.31 0.015 

  N Mean Std. Dev Mean Std. Dev 

<75 70 2.94 1.23 3.14 1.33 

75-150 80 2.95 1.27 2.84 1.33 

>150 41 2.61 1.39 2.37 1.41 

 

Table A22 Pearson’s product-moment correlations neighborhood characteristics on COVID variables 

 COVID on building interaction 
COVID on neighborhood 

interaction 

Pearson's Rho r Sig. (2-tailed) r Sig. (2-tailed) 

Traffic speed is slow in neighborhood 

0.007 0.924 0.033 0.651 

Traffic poses no danger to pedastrians 

-0.066 0.367 -0.053 0.468 

Neighborhood streets are well lit 

0.133 0.067 0.206 0.004 

Perceived safety walking in neighborhood 

0.161 0.026 0.223 0.002 

Plenty of open gathering places 

0.055 0.448 0.062 0.397 

Perceived greenness of neighborhood 

-0.026 0.720 0.046 0.524 
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Table A23 Independent t-tests of neighborhood characteristics on COVID variables 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Community centers <500m 
t Sig. (2-tailed) t Sig. (2-tailed) 

-1.78 0.077 -2.52 0.019 

  N Mean Std. Dev Mean Std. Dev 

0 172 2.82 1.29 2.77 1.37 

1 19 3.37 1.16 3.53 1.22 

Social facilities <500m 
t Sig. (2-tailed) t Sig. (2-tailed) 

1.36 0.175 2.61 0.010 

  N Mean Std. Dev Mean Std. Dev 

0 180 2.91 1.28 2.91 1.35 

1 11 2.36 1.29 1.82 1.25 

Schools <500m 
t Sig. (2-tailed) t Sig. (2-tailed) 

-1.88 0.066 -1.97 0.050 

  N Mean Std. Dev Mean Std. Dev 

0 159 2.81 1.31 2.76 1.35 

1 32 3.22 1.10 3.28 1.40 

Social facilities <1000m 
t Sig. (2-tailed) t Sig. (2-tailed) 

0.91 0.366 2.13 0.035 

  N Mean Std. Dev Mean Std. Dev 

0 164 2.91 1.28 2.93 1.35 

1 27 2.67 1.30 2.33 1.41 

 

Table A24 One-way ANOVA of neighborhood characteristics on COVID variables 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Bars and pubs <500m 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.86 0.427 0.40 0.670 

  N Mean Std. Dev Mean Std. Dev 

0 73 2.96 1.12 2.95 1.34 

1 54 2.96 1.36 2.85 1.38 

2 or more 64 2.70 1.39 2.73 1.41 

Cafés <500m 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.29 0.746 0.63 0.531 

  N Mean Std. Dev Mean Std. Dev 

0 73 2.96 1.12 2.95 1.34 

1 56 2.86 1.39 2.68 1.39 

2 or more 62 2.79 1.37 2.89 1.39 

Restaurants <500m 
F Sig. (2-tailed) F Sig. (2-tailed) 

1.36 0.259 2.02 0.135 

  N Mean Std. Dev Mean Std. Dev 

0 43 2.86 1.23 2.72 1.40 

1-2 51 3.12 1.18 3.18 1.28 

3 or more 97 2.75 1.35 2.73 1.39 

Supermarkets <500m 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.87 0.420 0.24 0.787 

  N Mean Std. Dev Mean Std. Dev 

0 19 2.68 1.20 2.74 1.41 

1-2 57 3.05 1.25 2.95 1.38 

3 or more 115 2.82 1.32 2.82 1.37 

Supermarkets <1km F Sig. (2-tailed) F Sig. (2-tailed) 
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0.45 0.720 0.56 0.639 

  N Mean Std. Dev Mean Std. Dev 

0 3 2.67 1.15 2.33 1.53 

1-3 54 2.87 1.29 2.74 1.35 

4-6 70 3.00 1.25 3.00 1.38 

7 or more 64 2.75 1.33 2.80 1.38 

Schools <1km 
F Sig. (2-tailed) F Sig. (2-tailed) 

3.07 0.031 7.97 0.000 

  N Mean Std. Dev Mean Std. Dev 

0 48 2.63 1.38 2.38 1.35 

1 49 2.86 1.19 3.31 1.26 

2 66 2.86 1.39 2.59 1.42 

3 28 3.36 0.87 3.46 1.00 

Area of green open space <500m 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.63 0.535 1.96 0.143 

  N Mean Std. Dev Mean Std. Dev 

<5% 52 2.71 1.43 2.58 1.43 

5-20% 84 2.96 1.25 3.05 1.34 

>20% 55 2.89 1.20 2.80 1.32 

Urban density 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.17 0.844 0.35 0.706 

  N Mean Std. Dev Mean Std. Dev 

Moderately urbanized 11 2.73 0.79 3.18 1.25 

Strongly urbanized 45 2.96 1.31 2.84 1.36 

Extremely urbanized 135 2.86 1.31 2.82 1.39 

 

Table A25 Independent t-tests of individual characteristics on COVID variables 

 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Local membership 
t Sig. (2-tailed) t Sig. (2-tailed) 

1.35 0.177 0.49 0.624 

  N Mean Std. Dev Mean Std. Dev 

0 organizations 103 2.99 1.29 2.89 1.31 

1 organization or more 88 2.74 1.26 2.80 1.45 

Gender 
t Sig. (2-tailed) t Sig. (2-tailed) 

-1.19 0.235 -0.48 0.633 

  N Mean Std. Dev Mean Std. Dev 

Female 64 2.72 1.21 2.78 1.39 

Male 127 2.95 1.31 2.88 1.37 

Ethnicity 
t Sig. (2-tailed) t Sig. (2-tailed) 

1.55 0.128 2.09 0.038 

  N Mean Std. Dev Mean Std. Dev 

Dutch 151 2.95 1.24 2.95 1.35 

Non-Dutch 40 2.58 1.41 2.45 1.40 

Home ownership 
t Sig. (2-tailed) t Sig. (2-tailed) 

-1.01 0.315 0.24 0.809 

  N Mean Std. Dev Mean Std. Dev 

Owner-occupied dwelling 74 2.76 1.26 2.88 1.33 

Rented dwelling 117 2.95 1.30 2.83 1.40 
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Table A26 One-way ANOVAs of individual characteristics on COVID variables 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Weekly hours spent on local organizations 
F Sig. (2-tailed) F Sig. (2-tailed) 

2.95 0.055 0.94 0.391 

  N Mean Std. Dev Mean Std. Dev 

0 hours 108 3.04 1.32 2.94 1.32 

1-3 hours 41 2.85 1.17 2.88 1.44 

4 hours or more 42 2.48 1.23 2.60 1.43 

Age 
F Sig. (2-tailed) F Sig. (2-tailed) 

5.77 0.004 3.76 0.025 

  N Mean Std. Dev Mean Std. Dev 

18-34 years old 66 2.95 1.31 2.95 1.34 

35-64 years old 42 3.36 1.14 3.24 1.21 

65 years or older 83 2.57 1.26 2.57 1.42 

Health status 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.68 0.506 0.47 0.624 

  N Mean Std. Dev Mean Std. Dev 

Not so good 23 2.91 1.20 2.78 1.38 

Good 104 2.78 1.30 2.78 1.40 

Very good 64 3.02 1.29 2.98 1.33 

Education level 
F Sig. (2-tailed) F Sig. (2-tailed) 

2.63 0.075 0.84 0.432 

  N Mean Std. Dev Mean Std. Dev 

Low 10 2.00 1.15 2.40 1.43 

Medium 53 3.00 1.27 2.75 1.43 

High 128 2.89 1.28 2.92 1.34 

Employment status 
F Sig. (2-tailed) F Sig. (2-tailed) 

4.81 0.009 2.91 0.057 

  N Mean Std. Dev Mean Std. Dev 

Fulltime 75 3.09 1.26 3.05 1.26 

Other 33 3.18 1.26 3.06 1.41 

Retired 83 2.55 1.25 2.58 1.42 

Length of residence at current address 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.10 0.904 0.16 0.851 

  N Mean Std. Dev Mean Std. Dev 

0-2 years 65 2.88 1.35 2.83 1.44 

3-10 years 65 2.92 1.22 2.92 1.28 

11 years or more 61 2.82 1.30 2.79 1.40 

Length of residence in neighborhood 
F Sig. (2-tailed) F Sig. (2-tailed) 

0.16 0.856 0.25 0.780 

  N Mean Std. Dev Mean Std. Dev 

0-2 years 59 2.95 1.37 2.92 1.44 

3-10 years 62 2.82 1.12 2.89 1.24 

11 years or more 70 2.86 1.35 2.76 1.43 
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Table A27 Independent t-tests of household characteristics on COVID variables 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Household composition 
t Sig. (2-tailed) t Sig. (2-tailed) 

1.59 0.114 1.49 0.137 

  N Mean Std. Dev Mean Std. Dev 

Single person household 78 3.05 1.28 3.03 1.30 

Multiperson household 113 2.75 1.28 2.73 1.41 

Car availability 
t Sig. (2-tailed) t Sig. (2-tailed) 

-0.62 0.534 -1.34 0.183 

  N Mean Std. Dev Mean Std. Dev 

Yes 135 2.84 1.26 2.76 1.37 

No 56 2.96 1.33 3.05 1.35 

 

Table A28 One-way ANOVA of individual characteristics on COVID variables 

  COVID on building interaction 
COVID on neighborhood 

interaction 

Household income 
F Sig. (2-tailed) F Sig. (2-tailed) 

1.03 0.358 1.08 0.341 

  N Mean Std. Dev Mean Std. Dev 

Below average 34 3.15 1.46 3.15 1.48 

Average 89 2.78 1.18 2.74 1.38 

Above average 68 2.87 1.33 2.84 1.30 
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Appendix F: Figures for multiple regression analyses 

 

Figure A24 Scatterplot of multiple regression model perceived building social interaction 

 

Figure A25 P-P plot of multiple regression model perceived building social interaction 
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Figure A26 Scatterplot of multiple regression model perceived neighborhood social interaction 

 

Figure A27 P-P plot of multiple regression model perceived neighborhood social interaction 
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Figure A28 Scatterplot of multiple regression model perceived building social cohesion 

 

 

Figure A29 P-P plot of multiple regression model perceived building social cohesion 
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Figure A30 Scatterplot of multiple regression model perceived neighborhood social cohesion 

 

Figure A31 P-P plot of multiple regression model perceived neighborhood social cohesion 

 


