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Summary1 

Introduction 

Over the past decades, the economy in Western countries has evolved into a knowledge-
based economy (Greene & Myerson, 2011). Characteristic for these economies is that the 
human asset – the knowledge worker - is considered to be most important for companies 
(Haynes, 2007b). Furthermore, the rapid IT developments drastically changed the nature of 
work, enabling employees to work anywhere at any time. In response to these developments, 
the activity-based office concept – or the New Ways of Working [NewWoW] – arose (Van 
der Voordt & d'Ancona, 2013). In these offices, the workstations are not assigned to 
individual employees, but should be used based on the conducted activity (Becker, 1999). 
This new office concept responds to the notion that the work environment can add value to 
the company, which is the main focus of Corporate Real Estate Management (Appel-
Meulenbroek, 2014). That is, the NewWoW is thought to be beneficial for productivity and 
satisfaction, enhance the image of the company, increase flexibility, and reduce costs 
(Pouwelse, 2013). The cost reducing potential of the activity-based concept is 
straightforward; due to desk-sharing, less space is needed (Hoendervanger, et al., 2015; Van 
der Voordt & d'Ancona, 2013). Furthermore, the increased autonomy of the employees 
regarding where and when to work and the high aesthetics of these offices are thought to 
raise satisfaction and productivity (Ekstrand, et al., 2015; Van der Voordt & Van Meel, 2002). 
However, these effects are still unclear, and research shows inconsistent and contradicting 
results (e.g. Van der Voordt, 2004). The activity-based concept also has several drawbacks 
compared to conventional offices. Activity-based offices largely comprise open spaces, which 
are negative for concentration and privacy (Appel-Meulenbroek, et al., 2015a; De Been & 
Beijer, 2014). Additionally, desk-sharing violates other needs, such as personalization and 
status expression (Van der Voordt & Van Meel, 2002).   

It is therefore important to conduct more research on satisfaction with the activity-based 
office concept compared to conventional offices, based on these needs. Furthermore, it 
would be interesting to assess the effects of personal differences in these needs, because 
little research has been conducted on this aspect. For example, the NewWoW is a response 
to the youngest generation of employees, who are becoming more mobile and more familiar 
with IT (Baane, Houtkamp, & Knotter, 2011), but it is unclear whether this concept also 
meets the needs of older employees. Furthermore, other personal characteristics might be 
relevant as well, as the contemporary knowledge worker has increasingly become more 
diverse (Venezia & Allee, 2007). Therefore, the following problem statement is set to be 
answered in this study: 

To what extent do differences in needs and workspace use, possibly due to personal 
characteristics and activity patterns, affect employee satisfaction with the physical 
work environment in different office concepts? 

Theoretical framework 

Over the past century, several office concepts emerged. These office concepts can be 
distinguished on three aspects: the location, the layout, and the use (De Croon, et al., 2005). 
The true traditional offices are cell offices (in Europe) and large open-plan offices (in the 
United States; Duffy, 1997). Later, team offices (smaller open plans) and combi offices arose 
(Berlee, 2012). These offices particularly vary on the layout aspect, thus on the physical 
appearance of the office and the workspaces. The activity-based office, however, is also 
distinctive because of its location (working at home is also possible) and use (non-territorial 
and activity-based; Becker, 1999). Furthermore, these offices have a larger variety in 
workspaces (Groenen, 2010). Most workspaces are similar to conventional offices, such as 

                                                           
1
 Dutch summary (Nederlandse samenvatting) in Appendix 9  
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cell offices, workstations in open spaces, meeting and project rooms, and supporting spaces, 
such as repro facilities and coffee corners. However, other workspaces are also common in 
activity-based offices, such as concentration cells and silence rooms, informal areas, and 
team or meeting tables in open spaces (Groenen, 2010). This variety in workspaces should be 
adequate to foster productivity and satisfaction (Van der Voordt, 2004). However, not only 
the physical aspect is important, but also the behavioral aspect. Inadequate use of the 
activity-based office concept might be negative for satisfaction (Hoendervanger, et al., 2015). 

To understand the effect of the work environment – and thus of different office concepts 
and their workspaces – on employee satisfaction, it is useful to address the insights from 
environmental psychology. According to environmental psychology, the relationship 
between the work environment and employee is actually an interrelationship (Bell, et al., 
2001b); the work environment affects the employee and its satisfaction, but the employee 
also has needs for the environment and can have influence on the work environment by 
workspace choice behavior. There has to be an adequate fit between both in order to 
enhance satisfaction. A misfit between the work environment and the employee may thus 
lead to dissatisfaction (Heijs, 2006; Hardin & Donaldson, 2014). Cell offices are generally 
found to be satisfactory, while open-plan offices often demonstrate inferior results (e.g. 
Bodin-Danielsson & Bodin, 2008). Although open-plan offices are assumed to be beneficial 
for communication, they are consistently associated with several drawbacks, such as 
distraction, lack of privacy, and lack of control over indoor climate (e.g. Kim & de Dear, 2013; 
Brennan, Chugh, & Kline, 2002; Lee & Brand, 2005). Activity-based offices generally also 
comprise largely open workspaces. However, in activity-based offices, these drawbacks are 
aimed to be reduced by providing additional enclosed workspaces and an adequate indoor 
climate, and compensated by superior aesthetics and ergonomics (Vos & Van der Voordt, 
2001; Van der Voordt & d’Ancona, 2013). Nevertheless, activity-based offices are associated 
with additional drawbacks, namely the violation of psychological needs such as 
personalization (Van der Voordt & Van Meel, 2002). As becomes clear from these findings, 
satisfaction can best be seen as the extent to which the work environment meets the needs 
of the employees (Van der Voordt, 2004). In fact, needs are even essential to meet, or else 
these will cause dissatisfaction. Therefore, needs are distinct from preferences, which are not 
essential, but can raise satisfaction when met (Rothe, et al., 2011). Preferences might even be 
superfluous, making it hard to be complete regarding them (Heijs, 2007). Therefore, only 
needs are included in this study. These needs concern environmental comfort, work-related 
needs, and psychological needs (Vischer, 2007b+2008). Nonetheless, it is still assumable that 
the importance of these needs can vary between different employees. These differences can 
be ascribed to differences in activity patterns, mobility, gender, age (Rothe et al., 2011) or 
personality (Oseland, 2009).  

Thus, satisfaction is a function of both the office concept and personal characteristics. These 
effects are assumed to be (partly) mediated by workspace use and needs. The satisfaction 
with the support of these needs subsequently contributes to overall satisfaction with the 
work environment. Lastly, overall satisfaction may raise perceived productivity. The 
conceptual model in Figure 0.1 visualizes these relationships. 

 

 

 

 

 

 

 

Satisfaction with 
support of needs 

Overall satisfaction 
with work 

environment 

Perceived 
productivity 

Office concept 

Personal characteristics 
& activity patterns Employee Needs 

Workspace use 

Figure 0.1: Conceptual model 
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Methodology  

To test the conceptual model in this study, a quantitative research approach was adopted. 
For the data collection, an online questionnaire was created, in order to reach a large 
number of respondents. Between September 8

th
 and October 28

th
 2015, 21 knowledge-based 

organizations were contacted to participate, of which 13 agreed to distribute the 
questionnaire among their employees. The selection of these organizations was largely based 
on the fact that acquaintances worked there. Obviously, this selection method was not 
random, which has consequences for the generalizability. The questionnaires were taken 
between October 21

st
 and November 27

th
 2015. 327 of the 1014 contacted employees 

participated, resulting in a response rate of 32.3%. Of these 327 cases, 322 were useful for the 
analyses.   

The questionnaire included all variables from the conceptual model, except for office 
concept, which was asked to the contact persons. Office concept is therefore seen as the way 
in which the building is used, concretized with the distinction between ‘conventional’ and 
‘activity-based’. This distinction largely indicates whether the workspaces are assigned or 
flexible. The physical aspect of the office concept is covered by the workspace use variables. 
The following workspaces were included: ‘cell office’, ‘workstation in open space’, ‘team 
office’, ‘concentration cell’, ‘team table in open space’, ‘meeting room’ and ‘other spaces’. The 
included personal characteristics were ‘age’, ‘gender’, ‘external mobility’, ‘tenure’, 
‘educational level’ and ‘job rank’. For the personality traits, the aspects of the Big Five (e.g. 
Hartog, 2015) were adopted: ‘extraversion’, ‘agreeableness’, ‘conscientiousness’, ‘emotional 
stability’ and ‘openness’. Activity pattern was operationalized using the following activities: 
‘individual concentration work’, ‘individual non-concentrated work’, ‘formal 
communication’, ‘informal communication’, ‘telephone calls’ and ‘other activities’.  

Furthermore, to assess the needs, the importance of the following aspects was asked: 
‘concentration’, ‘privacy’, ‘communication’, ‘proximity of coworkers’, ‘ergonomics’, ‘space’, 
‘storage space’, ‘indoor climate’, ‘control over indoor climate’, ‘lighting’, ‘personalization’, 
‘status expression’, ‘relaxation’, ‘autonomy and freedom in choice’, and ‘aesthetics’. After 
principal component analysis, five needs could be distinguished: 

 Comfort (indoor climate, control over indoor climate, lighting, ergonomics, space) 
 Territoriality (space, storage space, personalization, status expression) 
 Pleasantness (autonomy, aesthetics, relaxation) 
 Communication (communication, proximity of coworkers) 
 Privacy & concentration 

For the satisfaction with the support of those needs, the same aspects were used. These 
scores were also reduced using principal component analysis, leading to five similar factors:  

 Regulation of interaction (communication, proximity of coworkers, concentration, 
privacy) 

 Indoor climate (indoor climate, control over indoor climate, lighting) 
 Pleasantness (ergonomics, autonomy, relaxation, aesthetics) 
 Influence (personalization, status expression, storage space, autonomy) 
 Functionality (space, storage space, ergonomics) 

Due to the complexity of the model, path analysis was used for the statistical analysis. Path 
analysis is comparable with multiple regression, though simultaneously assessing both direct 
and indirect effects (Nooij, 1995; Howitt & Cramer, 2007). Therefore, path analysis was 
suitable to analyze the mediating effects in the model. For conducting the path analysis, the 
software package LISREL was used. However, the number of variables and relationships in 
the model was too extensive. Therefore, bivariate analyses were conducted to omit 
insignificant relationships from the path model. Furthermore, overall satisfaction with the 
work environment and perceived productivity were only included in the bivariate analyses, 
to reduce the complexity of the model.  
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Results 

The bivariate analyses demonstrated that there was a significant, positive relationship 
between perceived productivity and overall satisfaction with the work environment. 
Furthermore, satisfaction with the regulation of interaction, indoor climate, pleasantness, 
and functionality significantly contributed to overall satisfaction with the work 
environment. Only satisfaction with influence did not significantly contribute to overall 
satisfaction. These results imply that it is important to raise satisfaction with the support of 
these needs, because this will also contribute to overall satisfaction and productivity.  

Furthermore, the bivariate analyses provided support for the assumed relationships in the 
conceptual model. Thus: needs seemed to be affected by office concept, personal 
characteristics, and activities; workspace use seemed to be affected by office concept, 
personal characteristics, activities, and needs;  and satisfaction with the support of needs 
seemed to be affected by office concept, personal characteristics, needs, and workspace use. 
Obviously, not all specific relationships between the separate variables within these groups 
of variables were significant. Only the significant relationships were entered in the path 
model. Not all of these relationships remained significant in the path model, and were 
removed subsequently. Additionally, the personal characteristics ‘job rank’ and ‘educational 
level’ and the workspaces ‘team table in open space’, ‘meeting room’ and ‘other spaces’ were 
omitted from the path model beforehand, in order to reduce the complexity. Furthermore, 
the workspace use variables could not be used as mediating variables, because they were 
nominal dummy variables. Therefore, these variables were combined with office concept 
and used as independent variables. The relationships (and variables) that remained 
significant in the path model are presented in Figure 0.2. 

As can be seen, the effects of the personal variables were quite limited. On the other hand, 
the effects of the work environment – office concept and workspaces – were quite extensive. 
Furthermore, there were several relationships between needs and the satisfaction scores, 
which also resulted in the presence of indirect effects. These relationships between needs 
and the satisfaction scores were largely negative, which was expected. When a need is 
higher, it is less easily met, which might lead to more dissatisfaction with the support of that 
need (Lee, 2006). Thus, a higher need for comfort resulted in lower satisfaction with the 
indoor climate. Furthermore, a higher need for territoriality resulted in lower satisfaction 
with functionality (e.g. space), and a higher need for privacy resulted in lower satisfaction 
with the regulation of interaction. On the other hand, a higher need for communication 
resulted in higher satisfaction with this aspect, indicating that the included offices are 
generally beneficial for communication. 

These needs were useful to explain the effect of personal characteristics on satisfaction, 
because a considerable number of these effects were indirect through needs. Older 
employees were significantly less satisfied with the regulation of interaction, due to their 
lower need for communication, but this effect was marginal. Employees that spend more 
time on non-concentrated work, on the other hand, were more satisfied with this aspect, 
though due to their lower need for privacy. Furthermore, employees with higher external 
mobility had a lower need for territoriality and were consequently more satisfied with 
functionality. Employees that spend more time on making telephone calls had a higher need 
for territoriality, and were thus less satisfied with functionality. Additionally, there were 
several direct effects of the personal variables on the satisfaction scores. Emotional stability 
directly and positively affected satisfaction with the regulation of interaction, while external 
mobility negatively affected this satisfaction score. Furthermore, satisfaction with the indoor 
climate was negatively affected by conscientiousness, and positively affected by 
agreeableness.  
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desk policy. This concept also directly and positively affected satisfaction with pleasantness, 
which was expected due to the higher autonomy, aesthetics and attention for relaxation in 
these offices. Moreover, an indirect negative effect on satisfaction with the indoor climate 
was found. This was a result of the higher need for comfort in these offices, probably due to 
the lower perceived control. This is a common drawback of open work environments in 
general (e.g. Kim & de Dear, 2013). Lastly, satisfaction with functionality was higher in 
activity-based offices, due to the lower need for territoriality. The conventional team office 
was also beneficial for the latter aspect, though this effect is direct. Thus, most effects could 
particularly be ascribed to the activity-based concept. 

Conclusion and discussion 

This study demonstrated that the adopted need-based approach in this study was adequate, 
as various effects of personal variables and the work environment were mediated by needs. 
Furthermore, this study integrated satisfaction research, needs assessment, and workspace 
choice behavior research, and is therefore innovative. Therefore, this study has both a 
theoretical and a methodological contribution. The mediating role of workspace use could, 
however, not be tested, but the bivariate analyses did provide insights that might support 
this hypothesized role.  

The study showed that satisfaction is not merely a result of the work environment (i.e. office 
concept and workspaces), but is also a result of personal differences and needs. 
Nevertheless, the effects of office concept and the workspaces were found to be more 
extensive in this study. The results showed that the activity-based office concept is not a 
panacea, because both benefits and drawbacks were found. Satisfaction with pleasantness 
and functionality were larger in activity-based offices, while satisfaction with influence and 
the indoor climate were lower. Satisfaction with regulation of interaction was higher in 
conventional cell offices, but lower in team offices and open spaces in conventional offices. 
These findings were largely in line with the expectations. Furthermore, there were several 
effects of personal characteristics, but these were not extensive. In particular, the effects of 
age were less than expected. 

Based on this study, several recommendations for further research can be made. These 
recommendations concern the data collection, data analyses, sample, and content. 
Regarding the data collection, observation might enhance the accuracy of the activity and 
workspace use variables. Regarding the analyses, it would also be interesting to test 
moderating effects, in addition to mediated effects. Perhaps, the moderating effects of 
personal characteristics might be more extensive. The sample might also be extended by 
including relatively more open-plan offices and combi offices, as well as other countries. 
These were not represented in this study. Additionally, other types and sizes of 
organizations can be included. On the other hand, it would also be interesting to test the 
model for merely activity-based offices. Lastly, more variables might be added and tested in 
the model. For activity-based offices, resistance to change and the years that have passed 
since the implementation can also be relevant. This study did not include these variables, 
because it did not focus on change and also included conventional offices.   

The results of the study also have practical relevance. First, whether the implementation of 
the activity-based office concept will be an improvement depends on the original situation, 
thus whether this was a team office or a cell office. Second, it might depend on the 
employees themselves whether they perceive the activity-based concept as an improvement, 
based on their needs. Thus, these needs and interpersonal differences have to be thoroughly 
taken into account. Lastly, the activity-based concept should be used adequately in order to 
enhance satisfaction. Thus, there should be an adequate mixture of different workspaces. 
Additionally, the management should thoroughly prepare, inform, and stimulate the 
employees in order to change their behavior, which is necessary for an adequate use.   
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1.  Introduction  

1.1 Motivation 

In Western societies, such as the Netherlands, the economy and the ways of working have 
been changing over the past decades. In the previous century, the economy shifted from an 
industrial economy to a knowledge-based economy (Stallworth & Kleiner, 1996; Greene & 
Myerson, 2011). To illustrate, the service sector currently represents over 70% of the Dutch 
economy (Ten Berge & Oteman, 2012, p. 231; CBS, 2015). Moreover, the knowledge worker - a 
term firstly coined in the 1960s by Peter Drucker and Fritz Machlup (Greene & Myerson, 
2011) - has become more common. In the Netherlands, this kind of worker currently 
represents up to 47% of the workforce (Baane, Houtkamp, & Knotter, 2011). According to 
Greene & Myerson (2011), knowledge work demands creativity, collaboration and autonomy, 
as it has become more complex since simple tasks are either taken over by computers or 
outsourced to developing countries (De Groot, 2012). This is in great contrast with the 
factory-like routine tasks conducted in offices at the beginning of the 20

th
 century, for which 

Frederik Taylor conceived the idea of Scientific Management (Stallworth & Kleiner, 1996). 
Now, the human asset is considered to be most important for companies (Haynes, 2007b). 
As a result, the effect of the work environment on the performance of the employees has 
gained attention, and many studies in facilities management and environmental psychology 
have focused on this topic.  

However, in practice, decisions are often made ad hoc (Acoba & Foster, 2003; Ramakers, 
2008), and the focus is still mainly on cost reduction (Krumm & De Vries, 2003; Lindholm, 
Gibler, & Leväinen, 2006). The latter is no surprise, for CRE represents the second largest 
costs after labor (Haynes, 2007a; Appel-Meulenbroek, Groenen, & Janssen, 2011). 
Nonetheless, the awareness of the possible strategic contribution of real estate has also been 
growing, leading to the origin of the discipline of Corporate Real Estate Management 
[CREM] (Appel-Meulenbroek, 2014).  A major concern for CREM is how corporate real estate 
[CRE] can add value to the company (Appel-Meulenbroek, 2014; Acoba & Foster, 2003; 
Arkesteijn, et al., 2015). This process is also known as strategic alignment. Consequently, the 
possible effects of CRE and strategic alignment gained momentum in CRE research. 
Ramakers (2008) reviewed the relevant literature on alignment and found seven strategies in 
which CRE can add value. These strategies include not only three financial exchange value 
strategies – reducing costs, increasing value and increasing flexibility – but also four use 
value strategies: enhancing productivity, increasing satisfaction, promoting marketing, and 
stimulating innovation (Ramakers, 2008). However, these use value strategies are still not 
prevailing in practice. Beckers, van der Voordt & Dewulf (2015) explain that there is a gap 
between CREM and the users of the office. Haynes (2007b) therefore advocates for a 
paradigm shift from a focus on cost efficiency towards a focus on contribution to 
performance. In fact, Appel-Meulenbroek (2010) noticed that a focus on the cost/benefit 
ratio is becoming more common. This might be attributed to the growing amount of 
academic attention and evidence. 

Nevertheless, attention for the possible positive effects of the physical work environment 
already started many decades ago, resulting in various office concepts. For example, the rise 
of the open-plan office is not only a response to the increased cost efficiency, but also to the 
need for more communication and knowledge-sharing (Lee & Brand, 2005; Appel-
Meulenbroek, 2010). More recently, the New Ways of Working [NewWoW] emerged in the 
1990s as a new office concept that captures the idea of adding value to the company. Due to 
the rapid developments in IT, the nature of work changed drastically, enabling employees to 
work space and time independently (Van der Voordt & d'Ancona, 2013). Simultaneously, the 
idea of desk-sharing emerged in response to the inefficient low occupancy rates in offices 
(Appel-Meulenbroek, Groenen & Janssen, 2011). Vos & Van der Voordt (2001) designate this 
as workplace innovation, which concerns aesthetically and ergonomically designed combi-
offices with flexible, shared and activity-based workspaces, supported by highly qualitative 
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IT (Vos & Van der Voordt, 2001). The activity-based workplace, which means that employees 
can choose the workspace that fits their activity, is particularly associated with the 
NewWoW in the Netherlands (De Been, Beijer, & den Hollander, 2015).  

Common goals of implementing the NewWoW include increasing knowledge-sharing, 
productivity, satisfaction and flexbility, enhancing image, and reducing costs (Beijer, Van 
der Voordt, & Hanekamp, 2011; Baane, Houtkamp, & Knotter, 2011; Pouwelse, 2013). Thus, 
much of these goals are similar with the possible strategies for adding value provided by 
Ramakers (2008) and Appel-Meulenbroek (2014). In particular, satisfaction is a major area of 
concern, because it is related to productivity (e.g. Kamarulzaman et al., 2011; Veitch, et al., 
2007; De Been & Beijer, 2014). Khamkanya, Heaney, & McGreal (2012) and Lee & Brand 
(2005) actually found a signitificant correlation between satisfaction and perceived 
productivity. Moreover, job satisfaction is influenced by satisfaction with the work 
environment (Van der Voordt, 2004; Brennan, Chugh, & Kline, 2002; Veitch, et al., 2007). 
However, the evidence derived from studies regarding the NewWoW is often inconsistent, 
contradicting or hard to generalize (Pullen, 2011; Van der Voordt, 2004). De Been, Beijer & 
den Hollander (2015) claim that activity-based offices show much resemblance with open-
plan offices due to their openness, and thus have similar benefits and drawbacks. For 
example, the transparency of these offices is considered to be beneficial for communication 
and knowledge-sharing (Van der Voordt, 2004; Lee & Brand, 2005). Appel-Meulenbroek 
(2010) found that ‘co-presence’ (sitting in each other’s vicinity and seeing each other) seems 
to be particularly important for knowledge-sharing. On the other hand, research has 
systematically demonstrated that lack of privacy, lack of concentration and insufficient 
storage space are negative consequences of open office environments (e.g. Gorgievski, et al., 
2010; De Been, Beijer, & den Hollander, 2015; Sanoff, 1985). In fact, flex working seems to 
violate even more human needs, such as territoriality and personalization (Van der Voordt & 
Van Meel, 2002; Brunia & Hartjes-Gosselink, 2009). Van der Voordt & Van Meel (2002), 
however, argue that these needs turn out to be less important, or might be compensated due 
to the increased satisfaction with aesthetics and communication. Moreover, Ekstrand et al. 
(2015) found that the increased autonomy and control associated with the activity-based 
office concept is beneficial for satisfaction. Thus, these findings might indicate that the 
activity-based work environment is more satisfying than simply open-plan offices. Indeed, 
Bodin-Danielsson & Bodin (2008) found that satisfaction was lowest in open-plan offices, 
and relatively high in flex offices. Nonetheless, it may be clear that these studies show 
inconsistent evidence. 

Moreover, little research has been conducted on personal differences. The diversity of the 
contemporary knowledge workers has increased (e.g. Venezia & Allee, 2007). Thus, these 
differences in personal characteristics and activity patterns might influence needs. That is, 
Rothe et al. (2011) found that these aspects can affect the needs. These differences might 
therefore also lead to differences in satisfaction with different office concepts. Furthermore, 
personal differences might also affect workspace choice and use, in particular in activity-
based offices (Kleijn, 2011). For example, Joy & Haynes (2011) examined differences in 
workspace use between age groups, and concluded that age affects workspace use behavior. 
Workspace use behavior might also be relevant for satisfaction. Hoendervanger et al. (2015) 
indicated that an inadequate workspace use in activity-based offices may negatively affect 
satisfaction. Thus, it is important to assess the possible effects of personal characteristics on 
satisfaction, due to these differences in needs and workspace use. However, previous 
research has not focused on these combined effects. As has become clear, previous studies 
generally focus on the effects of office concept or workspace use on satisfaction, and – to a 
lesser extent – on the effects of personal characteristics on needs or workspace choice. In 
this study, a holistic and need-based approach is adopted in order to assess satisfaction with 
the work environment. This study aims to integrate needs analysis, satisfaction research, and 
workspace choice behavior research. Thus, the complex, combined effects of office concept, 
personal characteristics, workspace use and needs on satisfaction are examined in this study.    
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1.2 Problem statement and objective 

1.2.1 Problem statement 

As mentioned above, the current workforce becomes more diverse. This diversity may lead 
to differences in needs and workspace use, and subsequently affect satisfaction with the 
work environment in the different office concepts. It is therefore necessary to examine the 
effects of workspace use and needs on satisfaction with the work environment, as well as the 
personal characteristics and activity patterns that affect needs and workspace use. Thus, the 
needs and workspace use are included in order to elucidate the effects of personal 
characteristics on satisfaction, in addition to the effects of office concept. This leads to the 
following problem statement: 

To what extent do differences in needs and workspace use, possibly due to personal 
characteristics and activity patterns, affect employee satisfaction with the physical 
work environment in different office concepts? 

1.2.2 Conceptual model 

The problem statement can be clarified with the conceptual model in Figure 1, with the 
office employee as the unit of analysis. As can be seen, satisfaction with the work 
environment needs to be predicted. This is a result of both the environment (office concept) 
and the person (personal characteristics and activity patterns). As has become clear, these 
effects can also be indirect. It is assumed that personal differences lead to differences in 
needs. These needs can also be influenced by the office concept. On the supply side, the 
workspaces that are used are also important to consider. The workspaces that are used 
obviously depend on the office concept (which determines the availability of the 
workspaces), but it is also assumed that the use of workspaces depends on personal 
characteristics, the activity patterns and hence the needs. Thus, the conceptual model in 
Figure 1 shows that satisfaction with the work environment is a result of the office concept, 
personal characteristics, activity patterns, and the consequent needs and workspace use. By 
including all these aspects, a holistic approach is followed. To the author’s best knowledge, 
such an approach has not been adopted before. Therefore, this study contributes to the 
understanding of the complex relation between the work environment and the employee.  

 

 

 

 

 

 

 
1.2.3 Objective 

The objective of this study is therefore to add to the knowledge regarding satisfaction with 
the work environment, by studying the effect of personal differences in different office 
concepts. The aim of the study is not only to demonstrate whether there are effects, but also 
to elucidate why, by including needs and workspace use. The study therefore also has 
practical relevance. By understanding which needs are most important to be met and which 
workspaces are most beneficial for satisfaction, work environments can be improved.  

Figure 1: Preliminary conceptual model 

Office concept 

Personal characteristics & 
activity patterns 

Employee needs 

Workspace use 

Satisfaction with 
work 

environment 
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1.2.4 Research questions 

In order to answer the problem statement, several research questions are formulated. These 
research questions can be related to the various concepts and relationships in the 
conceptual model. The questions are:  

1. What are the different office concepts and their workspaces? 
2. What is the relationship between the work environment and the employee and how can the 

work environment affect employee satisfaction?  
3. What are the needs of employees regarding the physical work environment and what are the 

relevant personal characteristics and activities that can influence these needs? 
4. What is the effect of office concept on employee satisfaction with the work environment? 
5. What is the effect of personal characteristics and activity patterns on employee satisfaction 

with the work environment? 
6. What is the effect of personal characteristics and activity patterns on employee needs and 

workspace use?   
7. What is the effect of office concept on employee needs and workspace use?  
8. What is the effect of needs and workspace use on employee satisfaction with the work 

environment?  
9. What is the combined effect of office concept, personal characteristics and activity patterns 

on satisfaction with the work environment, both directly and mediated through needs and 
workspace use? 

1.3 Research methods 

In this study, several research methods are used to answer the research questions. Literature 
study is conducted to answer the first three research questions. The answers to these 
questions provide insights into the research territory, create a context, are the starting point 
for the field research, and provide information for the interpretation of the results of the 
field research. 

The other questions are to be answered with field research. For this, a quantitative research 
approach is chosen. Because no data were available that encompass all relevant aspects of 
this study, new data is collected. For the data collection, an online questionnaire is created. 
The respondents of the questionnaire are office employees (the unit of analysis in this 
study). Several organizations have been contacted to participate in this study, leading to a 
sample which consists of several different office concepts, and a variety of employees. 
Therefore, the data collection somewhat resembles a post-occupancy evaluation (Preiser, 
Rabinowitz, & White, 1988). In fact, two of the organizations recently changed its office 
concept, and also used the results of the study accordingly. The collected data is analyzed 
using bivariate analyses and path analysis. Path analysis is a useful study when assessing 
both direct and indirect effects, and thus suits the conceptual model in this study (Howitt & 
Cramer, 2007). The research approach is further discussed in Chapter 5.    

1.4 Demarcation 

This study focuses mainly on the physical work environment and physical elements of the 
NewWoW. There is also a virtual work environment and social-organizational work 
environment, which are also relevant for the NewWoW (Van Susante, 2014); however, these 
are of less interest in this study.  

Furthermore, this study is focused on the relationship between the work environment and 
the user. Niemi & Lindholm (2010) distinguish two levels of user needs, namely: the occupier 
level, which concerns the organization as a whole; and the office user level, which addresses 
the end-user, the employee. Organizations often have other needs, and do not adopt all of 
the employee needs. Rothe et al. (2011) also noticed that not all employee needs are turned 
into requirements of the organization, indicating a distinction (see Figure 2). In the context 
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of the NewWoW, the studies of Pouwelse (2013), Jasperse (2013), De Groot (2012) and Berlee 
(2012), for example, focus on the relationship between the building and the NewWoW, thus 
focusing on the needs at the occupier level: the organizations that want the building to 
support the NewWoW. This study focuses on the second type, thus on the user needs of 
employees regarding the work environment. These needs are more concerned with the 
interior of the building – provided by the organization - and less with the building itself. For 
instance, the studies of Van Susante (2014), Kleijn (2011), Groenen (2010) and Liebregts (2013) 
are conducted on this level. Moreover, a distinction can be made between needs and 
preferences. Rothe et al. (2011) clearly explain this distinction, also visualized in the model 
presented in Figure 2. According to Rothe et al. (2011), needs are essential for conducting the 
work, or else they can cause dissatisfaction. Most aspects of the work environment act as 
dissatisfiers, thus indicating needs (Pouwelse, 2013; Bell, et al., 2001a). Additionally, Heijs 
(2007) argues that preferences might be too variable, specific and even superfluous and 
excessive. It might even be impossible to be exhaustive and complete regarding preferences. 
For this reason, and because they are not essential, preferences are omitted in this study. 

 

 

 

1.5 Scientific relevance 

This study contributes to the understanding of the relationship between the work 
environment and the employee. The relationship between a building and the user has been a 
major concern of the discipline of environmental psychology for several decades, and still 
remains important today. In fact, other scientific disciplines focusing on this relationship 
have emerged, such as facilities management and corporate real estate management. 
Currently, the ideas about the work environment are changing. Consequently, it is necessary 
to create evidence of the effects of these new work environments. To date, several studies 
have been conducted regarding the effects of the NewWoW and the activity-based concept 
on employee satisfacion (e.g. Van Susante, 2014; Van der Voordt, 2004; De Been & Beijer, 
2014). However, studies of the NewWoW often show inconsistent results (e.g. Van der 
Voordt, 2004). Moreover, the effect of personal characteristics is still ambiguous. For 
example, Appel-Meulenbroek et al. (2015a) advocate for more research into this effect. 
Personal differences in the work environment have regularly been studied in organizational 
research, such as generational differences (e.g. Lyons & Kuron, 2013; Bennett, Pitt, & Price, 
2012), but these studies often have no clear relation with the physical work environment. 
Other studies have focused on differences in needs regarding the physical work 

Figure 2: The differences between needs and preferences, and their relationship with 
satisfaction (Rothe et al., 2012)
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environment, but these studies do not clearly distinguish between different office concepts 
(e.g. Rothe et al., 2012; Haynes, 2011). Additionally, the effects of personal differences and 
activities on workspace use have been examined (e.g. Kleijn, 2011; Hoendervanger, et al., 
2015). However, these studies do not include the effects on satisfaction. Thus, previous 
studies largely focus on merely bivariate or direct relationships; an integral approach that 
includes all these aspects has not been adopted before. More research needs to be conducted 
on this matter. As Duffy, Craig, & Gillen (2011) put it, a “body of knowledge” should be 
created. This study contributes to that “body of knowledge”, by building on the former 
studies, and combining their approaches. Consequently, this study provides new insights 
and scientific evidence regarding the assumed effect of personal differences in needs and 
workspace use on employee satisfaction with the physical work environment.  

1.6 Practical relevance 

These insights also have practical relevance, because they show how value can be added. 
Indeed, a correlation between satisfaction and productivity has been found (Khamkanya , 
Heaney, & McGreal, 2012; Lee & Brand, 2005). Thus, providing employees a suitable work 
environment might be beneficial for the overall performance of the organization. This is a 
major concern of the use value strategies of CREM. As has become clear, the NewWoW is 
also implemented for this reason. Because the NewWoW is becoming increasingly more 
common, it is necessary to know if these expectations are justified. To illustrate, Jones Lang 
LaSalle (2011, in: Jasperse, 2013) found that as much as 60% of the contacted companies was 
considering to implement the NewWoW within 5 years, and approximately 33% had already 
implemented it. Nonetheless, considerably more companies are becoming less convinced 
about the benefits of the NewWoW (Van der Meulen, 2014). Van der Meulen (2014) predicts 
that this decreasing trend will continue. Thus, more evidence is needed to change this 
attitude. This is also endorsed by Appel-Meulenbroek et al. (2015a). This study thus 
contributes to the needed evidence for these effects. 

Furthermore, the work environment is an important asset to consider when aiming to 
recruit and retain talented employees (Roulac, 2001). Baane, Houtkamp, & Knotter (2011) 
state that the workforce is declining, but the need for (talented) employees is growing. 
Consequently, talent is becoming a scarce resource, resulting in more competition, which 
Earle (2003) designates as “the war for talent”. In particular, the new generation of 
knowledge workers might have much to offer for companies (Baane, Houtkamp, & Knotter, 
2011). Consequently, companies have to provide an attractive work environment for their 
potential and current employees. That is, the physical work environment seems to be the 
third most important reason for potential employees regarding their choice of accepting a 
job (Lindholm, Gibler, & Leväinen, 2006; El-Zeiny, 2012). The NewWoW is a means to 
provide an attractive work environment for new talent  (Van der Voordt & d'Ancona, 2013). 
On the other hand, it remains important to consider the effects on the older employees. 
These older employees are still prevailing in the workforce due to ageing (Joy & Haynes, 
2011), and are important to retain in order to transfer their knowledge to the younger 
generations (Bennett, Pitt, & Price, 2012). Furthermore, other personal differences might be 
relevant for satisfaction with the work environment. Thus, this study aims to provide 
valuabe insights for organizations that want to take this diversity into account and satisfy all 
employees.  

1.7 Outline 

This report follows the phases of the study. In this chapter, the problem statement and a 
preliminary conceptual model are presented. The following three chapters represent the 
next phase, namely the literature study. Chapter 2 addresses research question 1, providing a 
clear overview of the different office concepts and the different workspaces in these office 
concepts. Chapter 3 covers research question 2, and focuses on the relationship between the 
work environment and the employee, which includes satisfaction. Chapter 4 focuses on the 
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employee, and covers the activities, needs, and other relevant personal characteristics of 
employees. Thus, this chapter provides the answer to research question 3. Chapter 5 
introduces the next phase of the study, namely the field research. The findings of the 
literature study are summarized in the definitive conceptual model, which is the starting 
point for the research design and survey. Subsequently, the data are described in Chapter 6. 
The results of the data analyses are discussed in Chapter 7 and 8. In these two chapters, 
research questions 4 to 9 are answered. Chapter 7 concerns the bivariate analyses, which are 
necessary to make a selection of the relevant variables for the path analysis. The results of 
this path analysis are subsequently discussed in Chapter 8, which provides the answer to 
research question 9 and consequently to the problem statement. Lastly, a discussion and 
conclusion is given in Chapter 9. An overview of the phases of this study and the 
corresponding Chapters in this thesis is shown in Figure 3.  
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 Figure 3: The research phases and corresponding Chapters
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2. The work environment 
As discussed in Chapter 1, the work environment has a large effect on the employee and his or 
her satisfaction. Therefore, the office concept and workspace use are added in the conceptual 
model, in order to represent the work environment. This chapter aims to distinguish the 
different office concepts – both new and conventional – and the workspaces in these office 
concepts. Before discussing these different concepts and workspaces, it is discussed why the 
work environment is important to consider for organizations. Thus, the section 2.1 addresses 
the importance and contribution of Corporate Real Estate Management [CREM]. 
Subsequently, the office concepts are discussed in historical context in section 2.2. Section 2.3 
focuses on workspaces in conventional and new office environments. Lastly, a conclusion is 
given in section 2.4. Hence this chapter provides the answer to research question 1: What are 
the different office concepts and their workspaces? 

2.1 CREM and the added value of the work environment 

In this section, the importance of the work environment for organizations is discussed. The 
work environment, or Corporate Real Estate [CRE], may support the organization and thus 
have beneficial effects. This is a major concern for the discipline of Corporate Real Estate 
Management [CREM].  

2.1.1 What is CREM? 

In CREM, the real estate of a company is seen as an additional corporate asset 
(Hoendervanger, 2010). In fact, CRE is nowadays seen as the fifth resource, after capital, 
technology, staff and information (Van Driel, 2010). Van Driel (2010) argues that CREM is 
distinct from real estate management, because it focuses on the user, while real estate 
management focuses on the owner and the financial performance. As a result, CREM should 
focus on other aspects than merely financial aspects (Van Driel, 2010). This distinction also 
becomes clear in the definition of CREM. The most commonly used definition in CREM 
literature seems to be given by Krumm, Dewulf & de Jonge in 2000; this definition is adopted 
by, among others, Appel-Meulenbroek (2014), Ramakers (2008), and Arkesteijn et al. (2015). 
Krumm, Dewulf & de Jonge (2000, in: Appel-Meulenbroek, 2014) define CREM as: 

The management of a corporation’s real estate portfolio by aligning the portfolio and 
services to the needs of the core business (processes), in order to obtain maximum 
added value for the businesses and to contribute optimally to the overall performance 
of the corporation.   

In this definition, two aspects are particularly emphasized. First, alignment between the real 
estate and the organization is important. Second, the real estate should add value to the 
organization, as a result of this alignment process. These two aspects receive more attention 
in the subsequent sections (2.1.2 and 2.1.3).  

2.1.2 Strategic alignment of CREM 

CREM emerged in the Industrial Revolution, but it has not always been of strategic concern 
for companies. In the beginning, CRE was merely seen as a means to accommodate the 
organization, and it should facilitate expansion and be situated on the right locations 
(Krumm, 2001; Appel-Meulenbroek, 2014). Later the performance of CRE began to receive 
attention. In the 1950s, the effectiveness and efficiency of CRE were seen as important; later, 
other performance criteria emerged, namely productivity in the 1960s, flexibility in the 
1980s, and creativity in the 1990s (Van Ree, 2002; Appel-Meulenbroek, 2014).  

However, CREM only started to professionalize in the 1990s, for which the book Strategic 
Management of the Fifth Resource: Corporate Real Estate by Joroff et al. in 1993 is considered 
as the major cause, according to various authors (e.g. Appel-Meulenbroek, 2014; 
Hoendervanger, 2010; Scheffer, Singer, & Meerwijk, 2006). Since then, CREM evolved from a 
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operational to a strategic discipline. According to Acoba & Foster (2003), two aspects are 
important for strategic alignment. First, the CRE strategy should be derived from the overall 
strategy of the organization. Second, the CRE should effectively facilitate the core business 
of the organization (Acoba & Foster, 2003). However, this does not imply that this is 
common in practice; the focus is still largely on technical aspects and costs (Harris & Cooke, 
2014; Krumm & De Vries, 2003; Appel-Meulenbroek, 2014), with decesion being made on a 
non-strategic level (Acoba & Foster, 2003; Ramakers, 2008). The professionalization thus 
implies that CRE can be seen as a strategic resource. In fact, there are five stages, according 
to Joroff et al. (see Figure 4), and only the fifth stage is truly strategic (Van Driel, 2010; 
Hoendervanger, 2010). That is, only in this fifth stage – labeled as the business strategist – 
CRE can add (use) value to the company. 

 

Figure 4: The five stages of CREM by Joroff et al. (Schelle & Baltussen, 2013) 

2.1.3 The added value of CRE(M) 

When CREM is optimally aligned to the core business, it should add value. Obviously, this is 
the primary goal of strategic alignment; otherwise, this process would be redundant. 
Ramakers (2008) found seven prevailing strategies in literature, which are also used by, for 
example, Appel-Meulenbroek (2014) and Lindholm, Gibler, & Leväinen (2006). These seven 
strategies, which have already been mentioned in the introduction, encompass: 

 Reducing costs; 
 Increasing value;  
 Increasing flexibility; 
 Enhancing the productivity; 
 Increasing (employee) satisfaction; 
 Stimulating innovation; and 
 Supporting marketing and sales. 

Appel-Meulenbroek (2014) divides these seven strategies into two categories. She designates 
the first three strategies as exchange value strategies, since these are financially oriented. On 
the other hand, the latter four strategies are focused on the output, and are consequently 
designated as use value strategies (Appel-Meulenbroek, 2014). These strategies can also be 
related to the four functions of real estate (Van der Voordt & Van Wegen, 2000, in: 
Ramakers, 2008): the utilization function, the technical function, the financial function, and 
the symbolic function. The three exchange value strategies obviously are related to the 
financial function. The symbolic function is important for marketing and sales. The three 
other strategies can be related with the utilization function, because they concern the users, 
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the employees. The technical function is not strategic, because this function basically 
concerns providing accommodation.  

Although these seven strategies seem to be the most common strategies, this list is not 
limitative. The included studies in Ramaker’s literature review also show some variation in 
these strategies. For example, Krumm & De Vries (2003) and Scheffer, Singer, & Meerwijk 
(2006) also address risk control as a CRE strategy, which Ramakers (2008) relates to the CRE 
strategy concerning increasing value. Furthermore, Appel-Meulenbroek (2014) links 
innovation to knowledge-sharing; many other authors also claim that stimulating 
communication and collaboration should nowadays be an important feature of the work 
environment (e.g. Stallworth & Kleiner, 1996; Lee & Brand, 2005). Moreover, another 
strategy seems to be emerging, namely supporting sustainability. Many studies recently 
published in the Journal of Corporate Real Estate address this subject (e.g. Masalskyte, et al., 
2014; Roper & Beard, 2006; Mansfield, 2009). Therefore, some additions and variations are 
possible. This variation only seems reasonable, because the general strategies of 
organizations obviously are also considerably diverse.  

2.1.4 Concluding remark 

Thus, there are several manners in which the work environment may add value, explaining 
why it is an important aspect for organizations to consider. In particular, new work 
environments anticipate on these effects. This is logical, because these emerged after the 
professionalization of CREM. However, traditional office concepts are also developed in 
response to these possible benefits. Indeed, the professionalization in the 1990s means that 
CREM evolved into a strategic discipline. As described before, attention for the effectiveness 
and efficiency of the work environment for example started much earlier. Thus, both 
traditional and new office concepts have their own reasons and effects. Even the first office 
buildings at the beginning of the 20

th
 century had their own rationale. These different 

concepts are discussed in the subsequent section. 

2.2 Historical overview of office concepts 

In this section, an historical overview of the work environments is presented. Since the 
origin of the office building, several office concepts have emerged. According to Croon et al. 
(2005), office concepts can be distinguished based on three aspects: office location, office 
layout, and office use. Figure 5 visualizes these three levels. It is, however, important to 
determine which office concepts are considered to be traditional. For example, Brennan, 
Chugh, & Kline (2002) only include private cell offices as traditional offices, which is a rather 
narrow approach. On the other hand, Van Susante (2014) considers traditional work 
environments to be all work environments that are not related to the new ways of working. 
Thus, these are the work environments that originated before the 1990s. However, this 
approach is perhaps too broad, due to the large variation within this period. It is therefore 
more adequate to refer to them as conventional concepts that originated before the rise of 
the new ways of working. Within this large period of roughly one century, Berlee (2012) 
distinguishes between an industrial and a post-industrial period; this transition occurred in 
the 1960s (Berlee, 2012). This division is also maintained in this section. Thereafter, the 
NewWoW is discussed. The aim of this section is not to present a thorough description of 
the history of the office building; rather, it provides some insight in the development of 
these office concepts through time and the rationale behind them. Therefore, the 
perspective on work and the employee is also briefly described per period. The NewWoW is 
discussed in more detail in this section, because it concerns the contemporary situation, 
thus having more relevance. 
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Figure 5: The three levels for distinguishing office concepts (Vos et al., 1999, in: Van Akkeren, 2009) 

2.2.1 Office concepts from the industrial period (19th century-1950s) 

Large-scale office work, and consequently the origin of the office building, is a result of the 
Industrial Revolution (Berlee, 2012). Before this period, farm work was prevailing, and other 
types of work were conducted at home or in other small buildings (Bell, et al., 2001a). Due to 
the increase in scale and professionalization of industrial work, the need for coordination 
and administrative work arose (Berlee, 2012; Duffy, 1997). This led to a vast increase in office 
work at the end of the 19

th
 century, which concerned routine tasks that had to be conducted 

by clerical workers (Berlee, 2012). 

View on the employee 

At the beginning of the 20
th

 century, the rise in office work led to increasing attention on 
how the work environment could contribute to efficiency. For this purpose, Frederik Taylor 
conceived the idea of Scientific Management (Bell, et al., 2001a). This approach was firstly 
applied in factories, and then also adopted in offices (Duffy, 1997). Thus, office work was 
appoached similarly as factory work. Taylor thoroughly observed the work activities of the 
employees, in order to determine how these processes could become more efficient (Duffy, 
1997). To reach this, work task had to be divided and standardized as much as possible 
(Berlee, 2012; Jasperse, 2013). Duffy (1997) links this idea to the dehumanization of work, 
because employees were merely seen as a production factor.  Employees were seen as lazy, 
selfish and unambitious (Berlee, 2012; Van der Voordt & Van Meel, 2002) and intellect and 
creativity were considered unnecessary (Duffy, 1997). Stallworth & Kleiner (1996) add that 
employees were considered to be a possible source of error, whose effect should be 
diminished. Consequently, control and supervision was essential, as well as order, hierarchy 
and bureaucracy (Duffy, 1997; Jasperse, 2013).   

In the 1930s, a counter-movement to this approach arose: the movement of Human Relations 
(Van der Voordt & Van Meel, 2002; Berlee, 2012).  The Hawthorne studies are considered to 
be a major cause for this approach (Stallworth & Kleiner, 1996). These studies revealed that 
not the actual intervention in the physical work environment, but the attention of the 
management for the employees by initiating this intervention raised productivity (Van der 
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Voordt & Van Meel, 2002). Thus, as Haynes (2007b) puts it, it became clear by these studies 
that not only the physical, but also the social aspects of the work environment are important 
to consider. Consequently, the importance of treating the employees in a more social and 
humane manner and giving them attention was acknowledged (Van der Voordt & Van Meel, 
2002; Stallworth & Kleiner, 1996). This approach is obviously in great contrast with the ideas 
of Scientific Management. Thus, this also implies that the focus shifted from the physical 
aspects to the social aspects (Van der Voordt & Van Meel, 2002). Therefore, it is assumable 
that the ideas of Scientific Management particularly shaped the office buildings in this 
period. This is discussed next.  

The first office concepts 

The first office buildings comprised cell offices, somewhat inevitably due to limitations in 
building technology (Berlee, 2012; Bell, et al., 2001a). However, at the beginning of the 20

th
 

century, several developments changed the appearance of the office building. First, as 
described above, the ideas of Scientific Management created demands for the physical work 
environment (Duffy, 1997). Second, progression in construction and building technology 
enabled innovation in office design (Duffy, 1997; Berlee, 2012).  Bell et al. (2001a) indicate 
two technological developments that were particularly important. The first development is 
the use of iron, steel and concrete, which enabled larger spans and a less robust structure. 
The second development concerns the availability and use of electricity for elevators and 
lighting (Bell, et al., 2001a). Thus, buildings could be built higher, and large open-plan offices 
were possible. These were exactly the types of offices needed for the Scientific Management 
approach. In these standardized and highly efficient open-plan offices, many employees 
were located together, which facilitated strict supervision (Duffy, 1997). In fact, these offices 
had much resemblance with factories (Berlee, 2012; Greene & Myerson, 2011).  Bell et al. 
(2001a) state that an efficient arrangement (in rows) was necessary to optimally facilitate the 
principle of workflow: the flow in which paperwork moves from desk to desk (Bell, et al., 
2001a).  On the other hand, managers generally had their own office, illustrative for the 
hierarchy (Berlee, 2012). Furthermore, status could be visualized with furniture, also in 
open-plan offices (Duffy, 1997; Stallworth & Kleiner, 1996). The open-plan office became the 
prevailing office concept in the United States. Even though the Human Relation approach 
advocated for more humane work environments, the physical office still generally concerned 
an open-plan office (Duffy, 1997; Berlee, 2012). This concept has remained dominant for 
several decades, and is in fact still common in the United States (Duffy, 1997; Van Meel, 
2011). 

However, the ideas of Scientific Management and the corresponding office concept did not 
gain currency in Europe (except for England) (Duffy, 1997; Berlee, 2012). Therefore, the cell 
office remained the prevailing office in these countries. In countries such as the 
Netherlands, Germany and the Scandinavian countries, a more humane approach with more 
attention for the employees was followed (Duffy, 1997). For example, cell offices were 
applied for privacy, and office buildings were narrow to provide sufficient daylight for the 
employees (Duffy, 1997). Thus, in the industrial period, offices were either cell offices 
(particularly in Europe) or open-plan offices (in the United States). The needs of the 
ordinary employees were less considered in the American offices, even after the notion of 
Human Relations (Duffy, 1997). This changed when the post industrial period commenced, 
as is discussed in the next section.  

2.2.2 Office concepts from the post industrial period (1960s-1980s) 

In the mid-twentieth century, the economy shifted towards a knowledge economy, and the 
nature of work changed (Haynes, 2007a; Greene & Myerson, 2011; Stallworth & Kleiner, 
1996). De Groot (2011) states that the governmental interference increased, resulting in the 
outsourcing of industrial work to developing countries. Additionally, simple adiministrative 
tasks are increasingly being outsourced to these countries, or taken over by computers. As a 
result, complex knowledge work, which is often intangible, is gaining dominance in 
developed countries (Greene & Myerson, 2011; De Groot, 2011). In the 1960s, Peter Drucker 
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and Fritz Machlup also coined the term knowledge worker for the first time, encompassing 
professions such as lawyers, computer professionals and scientists (Greene & Myerson, 2011; 
Erlich & Bichard, 2008). Simultaneously, the attention for the importance of the work 
environment began to rise again, as has become clear in section 2.1. These developments also 
influenced the physical work environment, but first, the changing view on the employee is 
discussed. 

View on the employee: the knowledge worker 

When the nature of work is changing, and a new type of worker is emerging, it is reasonable 
that the view on the employee changes as well. Heerwagen et al. (2004) define knowledge 
work as both highly cognitive and social, but also add that some simple and administrative 
tasks remain (Heerwagen, et al., 2004). Green & Myerson (2011) also describe knowledge 
work and therefore the knowledge worker as autonomous, creative, collaborative and 
proactive. This is nowhere near the notion of Scientific Management. The Human Relations 
movement, on the other hand, acknowledged the importance of the individual employee. 
Bell et al. (2001a) state that this movement grew even further in the 1950s. In line with these 
ideas, another view developed in the 1960s:  Human Resources (Van der Voordt & Van Meel, 
2002), or, in Dutch, Revisionisme (Berlee, 2012). Van der Voordt & Van Meel (2002) state that 
self-actualization is a major driver for employees. Berlee (2012) and Van der Voordt & Van 
Meel (2002) link the Human Resources approach to the X-Y theory of McGregor. Van Meel 
(2011) designates this theory as one of the most influential theories of this period. This 
theory addresses two perspectives on employees, one negative and one positive view (Ten 
Berge & Oteman, 2012; Van der Voordt & Van Meel, 2002):  

 Theory X, identifying people as lazy, unambitious, and reluctant to take 
responsibility; 

 Theory Y, identifying people as self-motivating ambitious, striving for self-
actualization and willing to take responsibility. 

The chosen perspective determines the appropriate management style, and eventually also 
determines how the employees will function (Van der Voordt & Van Meel, 2002; Ten Berge & 
Oteman, 2012). Theory X is similar to the Tayloristic view, while Theory Y is clearly more 
suitable for the knowledge worker. Van Meel (2011) indicated that these new insights also 
were a stimulus to reconsider the physical work environment. As a result, the office concepts 
became more diverse thereafter.   

The cell office 

The cell office was not a new office concept - on the contrary, it is generally perceived as the 
true traditional office - but it received more attention in the 1950s regarding knowledge 
work (Jasperse, 2013). An important feature of cell offices, as discussed by Hills & Levy (2014) 
and Stallworth & Kleiner (1996), is that it provides status. That is, the work conducted in 
offices became more complex and prestigious, thus the possibility of showing status and 
hierarchy by cell offices was appropriate for this development (Jasperse, 2013; Groenen, 
2010). Differentiation in office size and number of people to share the office with might also 
be an incentive for employees to pursue promotion (Hills & Levy, 2014; Stallworth & Kleiner, 
1996). This idea was not new either, because in the hierarchic Tayloristic offices the 
management usually had their own office (Duffy, 1997).  

The office landscape  

The open-plan office also received more attention in the 1960s (Berlee, 2012). In fact, the 
concept made its entrance in Europa, though with a different appearance: the office 
landscape, or in German, Bürolandschaft (Duffy, 1997). This concept was a logical response 
to the growing Human Relations movements (Bell, et al., 2001a) and increasing diversity of 
office work (Jasperse, 2013). Van Meel (2011) also links this office concept to Theory Y of 
McGregor. The rationale behind the office landscape was to decrease hierarchy and increase 
communication and collaboration (Duffy, 1997; Bell, et al., 2001a). Thus, this idea is highly 
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contrasting with the Tayloristic view. Additionally, the increased flexibility and potential 
cost savings were among the aims of this concept (Hills & Levy, 2014). That is, the space use 
was still highly efficient in these large open plans, but the furniture was arranged more 
organically and in functional groups, with plants and informal areas also being present 
(Duffy, 1997; Berlee, 2012). However, in the United States, the dominance of the factory-like 
open-plan offices continued (Van Meel, 2011). Moreover, the office landscape soon lost its 
popularity in Europe, due to complaints about lack of privacy, distraction and the indoor 
climate (Berlee, 2012; Hills & Levy, 2014). Consequently, the private cell office gained more 
attention again.   

‘Futuristic’ office concepts 

Van Meel (2011) discusses two futuristic concepts that originated in the 1970s. The first 
concept is the flex office with non-territorial workspaces. The second concerns teleworking, 
in remote offices (Van Meel, 2011). These two concepts are vastly different from the concepts 
discussed above. Other concepts generally differ on the layout, but these two concepts differ 
on the other two dimensions of office concepts: on the office use and the office location 
respectively. However, these office concepts were indeed too futuristic for that decade and 
remained exceptional in practice; technology was not yet sufficiently advanced to optimally 
support these concepts, so traditional office concepts were still prevailing (Van Meel, 2011). 
Tunyaplin, Lunce, & Maniam (1998) indicated that, at the time of the publication, the home 
office was also a rather futuristic concept, because of the need for internet.     

The team office 

The office concepts discussed by Van Meel (2011) did not become practice in the 1970s, but 
other new concepts did emerge, in response to the decline in popularity of the office 
landscape. One of these concepts is the team office or group office (Berlee, 2012; Jasperse, 
2013). A prime example of this office concept is the office of Centraal Beheer in Apeldoorn, 
the Netherlands (Duffy, 1997). Duffy (1997) designates this office concept, and this office 
building in particular, as one of the best versions of the open-plan office. Indeed, this 
concept still concerned an open-plan office, though on a human scale, with partly enclosed 
areas for approximately 10 employees (Duffy, 1997; Van Susante, 2014).   

The CoCon office 

Another concept that emerged after the downfall of the office landscape – though in the 
1980s – is the combi office, or CoCon office (Berlee, 2012; Jasperse, 2013). The office 
landscape was rejected because of the lack of privacy and concentration, but cell offices were 
considered to be hindering communication. This concept, as the name suggests, is a 
combination of an open plan and cell offices, in order to combine the benefits of both and to 
satisfy both needs (Van der Voordt, 2004). As a result, employees can both communicate in 
the open plan, and concentrate in cell offices, hence the other term CoCon office. Thus, this 
concept not only has a different layout, but is also distinct because of its use: it can be 
considered as an activity-based work environment (Appel-Meulenbroek, Groenen, & 
Janssen, 2011). In these offices, employees still have assigned workspaces, either in the open 
plan or in the cell offices, but there are also additional workspaces for other activities 
(Bodin-Danielsson & Bodin, 2008). However, Appel-Meulenbroek, Groenen, & Janssen (2011) 
claim that the space use of this office concept was inefficient. Consequently, this fact was an 
important factor in the development towards the New Ways of Working.   

2.2.3 New office concepts: The new ways of working 

In the 1990s, the NewWoW arose. It is difficult to give a clear definition of the NewWoW, 
and many other terms have been coined, such as social innovation (Pot & Vaas, 2008), 
working 2.0 (Baane, Houtkamp, & Knotter, 2011), workplace innovation (Pullen, 2001) and 
alternative officing (Becker, 1999). Beijer, Van der Voordt, & Hanekamp (2011) argue that the 
views on the NewWoW vary; Various people think that it concerns working time and place 
independently, while others emphasize on an altered organizational approach (Beijer, Van 
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der Voordt, & Hanekamp, 2011). Thus, the NewWoW seems to have more dimensions, both 
physical and non-physical. Baane, Houtkamp, & Knotter (2011) claim that four principles are 
vital for the NewWoW: 

 Working ‘any time, anywhere’, thus time and place independently; 
 Focus on output and results of work, rather than on presence of employees; 
 Unlimited accessibility of information and knowledge; 
 Flexibility of work-related relations. 

These principles considerably vary from traditional views, and also affect the physical work 
environment. Laihonen et al. (2012, p. 102) therefore define the NewWoW as “non-traditional 
work practices, settings and locations with information and communication technologies to 
supplement or replace traditional ways of working”. This definition seems to be adequate, as 
it covers the four principles and indicates more dimensions than merely the physical work 
environment. In fact, Pot & Vaas (2008) claim that social innovation determines most of the 
success. According to Aaltonen et al. (2012), there are three clearly distinctive dimensions: 

 The virtual space 
 The physical space 
 The social space 

 

Figure 6: The various dimensions of the NewWoW. (Aaltonen, et al., 2012) 

These three spaces are shown in Figure 6, with several aspects related to each space. Thus, 
the concept of the NewWoW is quite complex. Baane, Houtkamp, & Knotter (2011) refer to 
these three spaces with the more casual terms Bricks (physical), Bytes (virtual) and Behavior 
(social). Laihonen et al. (2012) also add that the NewWoW is multidisciplinary, as a result of 
this multidimensionality; it concerns various departments of an organization, such as: 
facilities management, human resource mangement and IT (Laihonen et al., 2012). These 
three departments are obviously closely related to the physical, social and virtual space 
respectively.  

Developments leading to the NewWoW 

The NewWoW is a result of several changes and developments that occurred in the 
currently dynamic world. Baane, Houtkamp & Knotter (2011) indicated two important 
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developments, which they designate as web 2.0 and employee 2.0. The first concerns the 
digitalization of society, enabled by internet, changing the ways of communicating. The 
second concerns the new generation of employees, who grew up in this digital era (Baane, 
Houtkamp, & Knotter, 2011). Numerous other authors also address the IT developments as 
an important reason for innovation and change in the physical work environment (e.g. 
Stallworth & Kleiner, 1996; Van der Voordt & d'Ancona, 2013; Vos & Van der Voordt, 2001; 
Gorgievski, et al., 2010). It enables employees to acces information anywhere and 
communicate digitally through internet (Baane, Houtkamp, & Knotter, 2011). Thus, 
employees are no longer obliged to always be present at the office and they can  work any 
time, anywhere (Pouwelse, 2013; Berlee, 2012). Obviously, these developments are related to 
the virtual dimension.  

Nevertheless, Steiner (2005) argues that the IT developments are merely supportive, and 
that the human factor is the true motive for the NewWoW. Bijl (2009) also acknowledged 
that the IT developments only served as a catalyst. It is more important how organizations 
face these developments. Thus, Berlee (2012) also adds demographic and organizational 
developments to be relevant, which are related to the social dimension. Spector (2006) also 
identified the increasing individualism in today’s society as an important factor. 
Simultaneously, the workforce is declining due to ageing, making talented employees 
increasingly scarce (Baane, Houtkamp, & Knotter, 2011). Thus, organizations have to become 
attractive for these employees. Jasperse (2013) also added economic developments, such as 
growing competition and globalization. In line with this, Becker (1999) claims that the cost 
reduction was the primary driving force for office innovation. Indeed, Stallworth & Kleiner 
(1996) argue that the economic downturn of the 1980s was an important reason for 
organizations to reduce real estate costs. Therefore, the physical dimension is affected as 
well. The NewWoW is thus a result of technological, demographic, organizational and 
economic developments.  

View on the employee: Employee 2.0 

The Human Resources approach, originated in the 1960s (see section 2.2.2), and McGregor’s 
X Y Theory are still prevailing today (Berlee, 2012). In particular, the Y theory is important 
regarding the knowledge worker, which is increasingly becoming more common in today’s 
economy (Greene & Myerson, 2011). Furthermore, the new generation of knowledge workers 
is distinctive in another way, namely because of the familiarity with IT. For this reason, 
Baane, Houtkamp & Knotter (2011) designate them as ‘employee 2.0’. However, there are 
more relevant characteristics of today’s knowledge workers. According to Greene & Myerson 
(2011) they are becoming more creative, flexible, autonomous, ambitious and collaborative. 
Furthermore, the current knowledge workers are becoming more mobile (Venezia & Allee, 
2007; Greene & Myerson, 2011). On the other hand, the new ways of working also require 
some change in management style. That is, the focus should be on output, rather than 
presence, thus the management style should be based on trust, freedom and responsibility 
(Beijer, Van der Voordt, & Hanekamp, 2011). This can be considered as a shift in paradigm 
regarding management (Appel-Meulenbroek, Groenen, & Janssen, 2011). Thus, even though 
the Human Resources approach is still suitable today, the view on employee has changed, 
and the increasing autonomy of the knowledge worker has to be respected. However, both 
Greene & Myerson (2011) and Venezia & Allee (2007) claim that there is not ‘one’ knowledge 
worker. Venezia & Allee (2007) claim that knowledge workers are diverse, have different 
roles and consequently also different needs. It is therefore important to consider these 
differences, which are addressed in Chapter 4.  

The activity-based office concept 

The physical component of the NewWoW is the activity-based office. The new office 
concept significantly differs from conventional office concepts. According to Duffy (1997), IT 
becomes more prominent, office space has to facilitate interaction, hierarchy has to be 
diminished, diversity and flexibility should be increased, and the focus should be on the 
employee. Becker (1999) identified six alternatives for new office concepts: 
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 Universal (non-hierarchical) offices;  
 Activity-based offices;  
 Non-territorial workspaces;  
 Telecommuting; 
 Virtual officing; 
 Collaborative environments. 

The first three aspects address the fact that activities should be determinative for 
workstations, not the individual employee. Thus, the workstations become activity-based 
and non-territorial, which leads to flexible working. This aspect can result in more efficient 
space use (CBRE, 2011). As can be seen in Figure 7, offices are never fully occupied, because 
employees are for example absent or in a meeting. Generally, about half of the workstations 
are unoccupied, even during peaks. Thus, non-territorial workstations are an appropriate 
solution to this inefficiency. When this idea is applied throughout the entire company, this 
also means that the physical work environment becomes non-hierarchical. That is, when 
workstations are not assigned to individual employees, status cannot be expressed either. 
This is obviously in high contrast with conventional offices, in which workspaces symbolized 
status and hierarchy (Becker, 1999; Stallworth & Kleiner, 1996).  

 

The fourth and the fifth aspect concern that employees can also work elsewhere, due to IT. 
Thus, employees may choose to work at home, referred to as telecommuting (Tunyaplin, 
Lunce, & Maniam, 1998). In fact, employees are also able to work anywhere they like, which 
leads to the notion of the ‘virtual office’: the workplace is wherever the employee conducts 
his work (Becker, 1999; Stallworth & Kleiner, 1996). In particular, individual tasks do not 
need to be done at the office.  

Table 1: The differences between conventional and new office environments (CBRE, 2011; Duffy, 1997) 

 Conventional NewWoW 

Work patterns Routine processes 
Individual work 

Creative knowledge work 
Interactive teamwork 

Location of work At the office At the office, at home or 
anywhere else 

Layout Assigned workspaces in cell 
offices, based on hierarchy  

Variety of individual and 
collaborative workspaces in an 
transparent environment 

Use Working at own desk 
“from 9 to 5” 

Activity-based 
Flexibility in time and space 

 
This development is related to the sixth aspect, namely that the role of the office changes; it 
becomes a meeting place (CBRE, 2011; Blok, et al., 2012). That is, employees still want and 
need to come to the office for interactive and collaborative work and for social reasons 

Figure 7: The occupation rate of 
offices during different times in the 
week (CBRE, 2011) 
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(CBRE, 2011; Van der Voordt & d'Ancona, 2013). Thus, there are various differences between 
conventional and new office concepts. Table 1 shows these changes, as given by Duffy (1997) 
and CBRE (2011).   

Goals of the NewWoW 

There are several goals that organizations may have when implementing the NewWoW. 
Pouwelse (2013) argues that the implementation of the NewWoW is considered to be an 
investment, and thus needs to be justified. According to Duffy (1997), the aims can be 
reduced to two aspects: efficiency and effectiveness. Efficiency concerns cost reductions, 
while effectiveness implies adding value and increasing revenues (Duffy, 1997). Van Ree 
(2002) also acknowledged that these are the general means to enhance organizational 
performance. Similarly, Baane, Houtkamp, & Knotter (2011) distinguish between ‘numerator 
and denominator effects’. Here, numerator effects concern adding value, while denominator 
effects address cost reductions (Baane, Houtkamp, & Knotter, 2011). On the other hand, 
Pouwelse (2013) uses another division, between direct and indirect contributions. Reducing 
costs (efficiency) and increasing productivity (effectiveness) might be considered as direct 
contributions, but there are also possible indirect contributions. Pouwelse (2013) claims that 
there are five main contributions of the NewWoW: 

 Reducing costs 
 Increasing productivity 
 Enhancing satisfaction 
 Stimulating innovation 
 Enhancing image and culture 

These contributions can be considered as possible goals for implementing the NewWoW. 
These goals resemble the general strategies of CRE (see section 2.1.3) to a large extent. 
Nevertheless, other goals might be possible too. One important goal is to be an attractive 
employer in order to attract and retain talent (Van der Voordt, 2004; Pullen, 2011). 
Furthermore, sustainability might be an important goal. Because less space is needed, the 
use of materials and energy are decreased as well. Additionally, commuting and traffic 
congestion might decrease (Van der Voordt & d'Ancona, 2013). However, whether all these 
expectations are justified is questionable. The cost-saving effects are quite straightforward; 
due to desk-sharing, less space is needed, leading to lower construction, maintenance and 
energy costs (Hoendervanger, et al., 2015; Van der Voordt & d'Ancona, 2013). However, the 
investments in IT and furniture are generally higher (Vos & Van der Voordt, 2001). Still, cost 
reductions up to 30% are plausible (Pouwelse, 2013). On the other hand, the effects on the 
employee are ambiguous, and research often shows inconsistent, ungeneralizable and 
contradicting results (Pullen, 2011; Van der Voordt, 2004). That is, there are also various 
drawbacks, such as noise, stress, and the violation of basic human needs (Pullen, 2011; Van 
der Voordt & d'Ancona, 2013). Chapter 3 covers this subject.  

2.2.3 Concluding remark 

Thus, several office concepts have emerged in the previous century. These concepts were a 
response to the prevailing views on work and employees, external developments, and the 
shortcomings of the preceding concepts. These office concepts are: 

 The cell office 
 The open-plan office (the Tayloristic office, office landscape, and the team office) 
 The CoCon office 
 The flex office  
 The activity-based office 
 Teleworking: the home office and satellite office 

The true traditional offices are the cell offices and the large open-plan offices, depending on 
the continent. After the 1950s, more concepts emerged, due to the increased attention for 
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the employee and the growing awareness of the possible effects of the work environment. 
Most of the concepts originated before the 1990s differ only on the aspect of layout. The 
ideas for different locations to work (the tele-office or home office) and for different use of 
the office (the flex office) did not become common; or at least, not yet. These concepts 
revived in the 1990s, and grew out to be the New Ways of Working. 

The NewWoW has resulted in the activity-based office concept. This office concept is 
considerably distinctive from previous concepts, differing on all three aspects: use, location, 
and layout. On the other hand, there are some similarities. In fact, this concept can be 
considered as a combination of the futuristic concepts of the 1970s – telecommuting and 
flexible working – and the combi office of the 1980s, which introduced the idea of activity-
based working. However, the IT was only sufficiently developed in the 1990s, leading to this 
new concept.  Vos & Van der Voordt (2001) adequately capture the essence of this office 
concept, designating it as aesthetically and ergonomically designed combi-offices with 
flexible, shared and activity-based workspaces, supported by highly qualitative IT (Vos & 
Van der Voordt, 2001). 

Besides these similarities between different concept, there are also large variations within 
the concepts. For example, open-plan offices can differ in size, arrangement and 
transparancy, and cell offices can be private or shared. Thus, office concepts may 
demonstrate different workspaces. It is therefore useful to consider these workspaces, as 
discussed next.  

2.3 Workspaces in different office concepts 

The various office concepts discussed above result in a variety of workspaces. As mentioned 
before in section 2.2, office concepts vary on location, layout, and use (e.g. De Croon, et al., 
2005). Van Akkeren (2009) refers to the use of workspaces with the term workspace concept, 
which is on a higher level of detail than office concept. Workspaces can be assigned to 
individual employees, shared, or even non-territorial, as elucidated in previous sections. 
Nevertheless, workspaces can be distinguished on more aspects. Relevant aspects are 
whether the work stations are assigned or not, the number of people that share the space, 
and the activity the workspace supports (Kleijn, 2011). The variety in workspaces is discussed 
next. The distinction between conventional and new offices is maintained.  

2.3.1 Workspaces in conventional offices: person-based 

A large difference between conventional and new office concepts is that in conventional 
offices the work stations are assigned, or fixed. The rationale behind this approach is that 
each employee should have an own work station. As discussed above, this rationale enabled 
status and hierarchy to be expressed (e.g. Stallworth & Kleiner, 1996). Having an own office – 
or a larger office – is an concretization of status, an intrinsic reward. Conventional offices are 
generally cell offices, open-plan offices or combi offices. The main difference is the number 
of employees that share a room. In cell offices, employees have their own individual office 
room or a room shared with up to two other employees (Bodin-Danielsson & Bodin, 2008; 
De Been & Beijer, 2014). According to Bodin-Danielsson & Bodin (2008), rooms shared by 
four or more employees can be defined as open-plan offices. These can vary in size; rooms 
shared by four to nine employees are considered to be small open plans (Bodin-Danielsson & 
Bodin, 2008), and are comparable with team offices (see section 2.3.2). Combi-offices 
generally contain the same workspaces as cell offices and open-plan offices. As discussed 
above, the fixed workspaces can be either in the open plan or in the cells. For example, 
Jasperse (2013) reports that the fixed workspaces are intended for concentration work, while 
De Been & Beijer (2014) state that the fixed workspaces are situated in the open plan. The 
main characteristic of the combi office is that the other type of workspaces is also added, 
thus concentration rooms are added to fixed workspaces in an open plan, or open spaces are 
added to fixed workspaces in cell offices. Obviously, the open-plan offices and cell offices 
generally do not only contain fixed workspaces, but also meeting rooms and other rooms, to 
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support other activities than desk work (De Been & Beijer, 2014;  Bodin-Danielsson & Bodin, 
2008). These workspaces are obviously based on the activity. Lastly, conventional offices 
usually also have supporting facilities, such as coffee corners and print rooms, which can be 
important for spontaneous interaction (Appel-Meulenbroek, 2010). 

2.3.2 workspaces in new offices: activity-based  

In new offices, the work stations are generally not assigned, leading to flex offices. When the 
choice of the workspaces depends on the activity, it concerns an activity-based office. The 
rationale behind this approach is that the activities should be determinative for the 
workspaces, not the individual employee (e.g. Groenen, 2010). Duffy (1997) also argues that 
the workplace should respond to the workstyle of the employees, and used the amount of 
interaction and amount of autonomy as the main determinants, leading to four different 
types of workplaces: 

 The Hive, for individual work, on a routine basis, which requires low autonomy and 
low interaction. This type of work is becoming less common in modern economies; 

 The Cell, for concentrated individual and thus autonomous work, which does not 
require interaction and therefore needs high enclosure;  

 The Den, which is suitable for group processes, thus requiring much interaction, but 
less autonomy; 

 The Club, which responds to the needs of knowledge workers, which require both 
high autonomy and much interaction.  

This division is clearly shown in Figure 8. The Club resembles the activity-based concept, 
with a variety of workspaces for different activities (Duffy, 1997).   

 

Figure 8: Duffy’s different workplaces for different workstyles (Steiner, 2005) 

Thus, a variety of facilities is usually applied in new offices. Kleijn (2011) distinguishes 
workspaces, communication facilities and other – generally supporting – facilities. These 
different types of facilities can differ in capacity and functionality (Kleijn, 2011). Various 
studies have addressed this variety in workspaces (e.g. Appel-Meulenbroek, et al., 2015b;  
Hoendervanger, et al., 2015; Joy & Haynes, 2011; Bell & Anderson, 1999).  Ativity-based offices 
are in essence open and transparant environments with flexible workspaces. These 
workspaces in the open space can be work stations for individuals, team tables, meeting 
tables, and so-called touchdown places, which are useful for work that only requires several 
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minutes (Bell & Anderson, 1999; Groenen, 2010). In addition to these open workspaces, there 
are also rooms for concentration. These rooms can concern concentration cells for one or 
two employees – also refered to as cockpits – or larger silence rooms (Groenen, 2010). 
Furthermore, there are usually also closed meeting rooms, project rooms or brainstorm 
rooms (Groenen, 2010) and supporting facilities, similar to conventional offices. On the 
other hand, activity-based offices often have also informal rooms with for example lounge 
sets (Joy & Haynes, 2011; Hoendervanger, et al., 2015). The latter are particularly meant for 
facilitating informal communication. Thus, besides the fact that the workspaces are non-
assinged, activity-based offices generally also have a larger variety in workspaces, compared 
to conventional offices. 

An important issue concerning activity-based offices is that they should be used accordingly. 
Thus, besides these physical aspects, the behavioral aspects are particularly important for 
the use of these offices. In an activity-based work environment, it is assumed that the 
activity determines the choice of the work facility (Appel-Meulenbroek, et al., 2015b). Appel-
Meulenbroek et al. (2015b) add that other aspects, such as the work environment and 
personal characteristics of the employee, might also influence the use behavior. Although 
the auhors found that the activity predicts the use to a large extent, other studies show that 
this office type is not always used as intended (e.g. Appel-Meulenbroek, Groenen, & Janssen, 
2011; De Been, Beijer, & den Hollander, 2015; Hoendervanger, et al., 2015; Gorgievski,  et al., 
2010). These studies demonstrate that many employees do not frequently switch workspace, 
use workspaces that are not suited for the performed activity, and often claim a workstation 
when absent. Blok et al. (2012) argue that the management style should change, in order to 
alter the use behavior in NewWoW settings. Nevertheless, it is important that the 
appropriate number of facilities of each type is offered (Van der Voordt, 2004). It is therefore 
important that both physical and non-physical aspects are taken into account.     

2.3.3 Concluding remark 

This section covered the variety of workspaces in both conventional and activity-based 
offices. The main difference is that conventional offices contain assigned workstations – 
either in an open plan or in a cell office – and that activity-based offices contain flexible 
workspaces, both in open spaces and enclosed spaces. Furthermore, activity-based offices 
usually have informal spaces that facilitate informal communication. On the other hand, 
enclosed meeting rooms and supporting facilities are usually present in both conventional 
and activity-based offices. Thus, the following workspaces can be identified: 

 Assigned workspace in a cell office (individual or shared); 
 Assigned workspace in an open plan (different sizes); 
 Flexible workstations in an open space (individual desks, touchdown places); 
 Flexible workstations in cell offices;  
 Team tables and meeting tables in an open space; 
 Concentration cells (‘cockpits’)  or silence rooms for more employees (libraries); 
 Enclosed meeting rooms or project rooms; 
 Supporting facilities and other spaces (coffee corner, print room, hallway, informal 

areas) 

2.5 Conclusion 

The added value of the work environment has increasingly gained importance, as a means to 
anticipate on the dynamic and rapidly changing environment that organizations operate in. 
In particular, innovation is becoming more important, as well as communication and 
knowledge-sharing. Office environments have to facilitate this. As  Duffy, Craig & Gillen 
(2011, p.98) put it, “innovation in the knowledge economy will be crucially handicapped 
without innovative design processes deliberately deployed to create new kinds of places that 
can readily accommodate new ways of working and learning”. Thus, the NewWoW is, among 
others, a response to the growing need for innovation in organizations. This new office 
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concept significantly differs from conventional office concepts on all three aspects: use, 
layout, and location. In reality, the distinction between conventional and new office 
environments is obviously less rough, as conventional offices also show much variety. It is 
therefore useful to consider the different workspaces that are used, and not only office 
concepts.  

The main aim of this chapter was to determine the relevant office concepts and workspaces, 
which is covered by research question 2. In Figure 9, the conceptual model is extended with 
these variables. In Chapter 5, these concepts are further operationalized. 

  

 
Figure 9: Preliminary conceptual model, extended with the elaboration of office 
concept and workspace use 
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3. The work environment and the employee 
This thesis focuses on employee satisfaction, so it is essential to understand this relationship 
between the work environment and the employee. In Chapter 2, various office concepts with 
their workspaces and characteristics are discussed, so these elements are the starting point for 
this chapter. Satisfaction is a complex interaction between the work environment and the 
employee. The discipline of environmental psychology has been focusing on this relationship, 
so this subject is introduced in section 3.1. Thereafter, the effects of the work environment on 
the employee are discussed in section 3.2, for which the existing literature on satisfaction with 
the work environment is studied. Section 3.3 provides a conclusion that provides feedback for 
the conceptual mode. Hence this chapter provides the answer to research question 2: What is 
the relationship between the work environment and the employee and how can the work 
environment affect employee satisfaction?     

3.1 Insights from environmental psychology 

Theories from psychology can provide valuable insights for understanding work 
environments, as well as designing them. Zeisel (1984) argues that, since the decision maker 
and the actual user are generally no longer the same person, a gap emerges between them. 
Thus, the organization, which provides the work environment, does not fully know the 
needs of the employee. Therefore, Zeisel (1984) advocates that psychological insights are 
necessary to diminish these gaps, which is also claimed by Sommer (1983). Psychology can 
explain the behavior and needs of employees, which is necessary to create optimal work 
environments (Oseland, 2009). Oseland (2009) addresses four fields of psychology that 
might be useful: personality theories, motivation theories, evolutionary psychology, and 
environmental psychology. First, the personality theories explain that people are for example 
either introvert or extravert, and that this can affect their need for social interaction and 
possibility to concentrate. Second, motivation theories point out that the performance of 
people depends on external stimuli. Third, evolutionary psychology explains why people are 
not fully adapted to work in offices, and still need nature. Fourth, environmental psychology 
focuses on the relationship between people and their environment (Oseland, 2009). In 
particular, environmental psychology provides valuable insights for work environments 
(Vischer, 2008). Bell et al. (2001b, p. 6) define environmental psychology as “the study of the 
molar relationships between behavior and experience and the built and natural environments”. 
Thus, this definition implies that the user and the building cannot be seen independently; it 
really concerns the relationship between them. Bell et al. (2001b) go on to claim that this 
relationship is actually an interrelationship; the person and environment influence each 
other, so the effects are in both ways (Bell, et al., 2001b). Environmental psychology provides 
several useful theories to describe this interrelationship, which are discussed next: the 
environment-behavior theories and P-E fit. 

3.1.1 Environment-behavior theories 

Environmental psychology focuses on the relationship between a person and the 
environment. Oseland (2009, p. 248) states, referring to Kurt & Lewin (1943), that behavior is 
a function of both the person and the environment: B= f(P,E). To explain and understand the 
effects of the environment on behavior, several theories and perspectives have emerged 
(Bell, et al., 2001c): 

 The arousal perspective, which addresses that people become aroused due to stimuli 
from the environment. These stimuli can be both pleasant and unpleasant, and lead 
to physiological changes. These changes also affect behavior;  

 The environmental load perspective, which indicates that people may experience 
overstimulation due to too much environmental stimuli, particularly when they are 
undesired. Similarly, the understimulation perspective indicates that people may 
also experience too little stimulation. Both these perspective are captured by the 
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adaptation level theory, which implies that people seek to reach an optimal, and 
thus comfortable, level of stimulation; 

 The environmental stress perspective, which indicates that certain aspects can be 
experienced as a threat. This perspective is broader than the environmental load 
perspective, because it not only addresses external stressors, but also personal 
stressors; 

 The behavioral constraint perspective, which means that behavior might be limited 
because of the environment. In this case, the environmental stimuli lead to loss of 
perceived control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These theories and perspectives indicate that environmental stimuli may affect the person, 
resulting in arousal, stress, overload, or loss of perceived control (Bell, et al., 2001c). Bell at 
al. (2001c) combine these theories into one model, presented in Figure 10. As can be seen, 
both personal aspects and the environment are decisive for how the environment is 
perceived. The environment can be perceived as either satisfying, when the amount of 
stimulation is optimal, or inadequete, when the needs are not satisfied. This leads to arousal, 
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Figure 10: The Environment-Behavior relationship. Derived from Bell et al. (2001a+c) 
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stress, or overload. The person then needs to cope with this, by adapting to the situation or 
adjusting the situation. However, aftereffects might be possible, for example less tolerance 
for new stimuli (Bell, et al., 2001c). Thus, this model clearly visualizes how a mismatch 
between the environment can negatively affect a person, both on the short term and on the 
long term. Another theory focusing on this (mis-)match is the P-E fit theory. 

3.1.2 Person-Environment fit theory 

Besides the environment-behavior theories, the Person-Environment fit [P-E fit] theory is 
useful to study the effects of work environments on, for example, satisfaction and 
productivity (Stallworth & Kleiner, 1996). This theory addresses that there needs to be a 
match between the environment and the person, in two ways (Heijs, 2006): 

 The extent to which the (resources of the) environment can satisfy the needs of the 
person; 

 The extent to which the abilities of the person are sufficient to meet the demands of 
the environment. 

Thus, the P-E fit theory, comprising these two ways, concretizes the interrelationship 
between the person and the environment discussed above (Bell, et al., 2001b). A misfit on 
either of these two levels may negatively affect wellbeing or behavior (Heijs, 2006), or – to 
relate this theory to the E-B theories – may cause stress, overstimulation or arousal (Bell, et 
al., 2001c; Vischer, 2007a). Hardin & Donaldson (2014) proved – focusing specifically on 
satisfaction - that these two levels are distinct, but both lead to job satisfaction. Although 
they considered person-job fit, their findings provide useful insights that can be translated 
to this discussion concerning the physical work environment. That is, they related the first 
level, the needs-supply side, to “having what you want”, which is from the perspective of the 
person. They relate the second, the demands-abilities side, to “wanting what you have”, 
which is from the perspective of the environment (Hardin & Donaldson, 2014). With some 
creativity, this reasoning can be used to distinguish the concept of needs from the concept of 
satisfaction. Rothe et al. (2011) claim that there is indeed a distinction between these two 
concepts, so the study of Hardin & Donaldson (2014) provides support for this assumption. 
Needs are from the perspective of the person (“having what you want/need”), and satisfaction 
is from the perspective of the environment (“being satisfied with what you have”). 
Nevertheless, these two concepts are closely related, as becomes clear from the following 
definition of Van der Voordt (2004, p. 139): “Employee satisfaction refers to the degree to 
which the working environment meets the wishes and the needs of the employees”. Of course, 
this relationship is rather obvious. On the other hand, an employee can also be satisfied with 
something he or she does not specifically needs or wants (Rothe et al., 2011).  

This study maintains the distinction discussed above, as it clearly symbolizes the two ways 
in which environmental psychology works. Figure 11 visualizes this approach. Satisfaction 
cannot be seen independently from the environment, and is therefore discussed in this 
chapter. Research on satisfaction is therefore also limited by the existing situation (Rothe, et 
al., 2011). Needs are from the perspective of the user and hence concern a broader approach. 
They are therefore discussed in the next chapter.  

 

 

 

 

 
Figure 11: The interrelationship between the work environment and the employee, 
showing the difference between the concept of needs and the concept of satisfaction 
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3.2 The effects of the work environment satisfaction 

As has become clear, the work environment may affect the employee. These effects are also 
important for CREM; three of the four use value strategies are directly related to the 
employee. These three strategies concern the effect on the productivity,  satisfaction, and 
innovation of employees. This study focuses on satisfaction.  

Many studies focus on the effect of the physical work environment on employee satisfaction. 
That is, satisfaction with the work environment is found to be related to job satisfaction (e.g. 
Brennan, Chugh, & Kline, 2002; Veitch, et al., 2007). Thus, it is assumable that aspects that 
increase satisfaction with the (physical) work environment will be beneficial for job 
satisfaction. Hence, in the following section, the division between these two types of 
satisfaction is not maintained. This section simply refers to satisfaction.  

3.2.1 Office layout and satisfaction 

Much research has been conducted on the differences between open and enclosed 
workspaces for satisfaction. Bodin-Danielsson & Bodin (2008) conducted an extensive study 
on satisfaction in seven different office types. They found that satisfaction was highest in 
individual cell offices. Shared room offices were also found to be beneficial for satisfaction, 
but open-plan offices – regardless of their size – and combi offices seemed to negatively 
affect satisfaction (Bodin-Danielsson & Bodin, 2008). In order to explain this difference, the 
‘trade-off’- as Kim & de Dear (2013) put it – between communication on the one hand and 
privacy and concentration on the other hand has received much attention. Open office 
environments (i.e. open-plan offices) are assumed to be beneficial for communication and 
are often applied for this reason (e.g. Kamarulzaman et al., 2011; Brennan, Chugh, & Kline, 
2002; Lee & Brand, 2005; De Been & Beijer, 2014; Kim & de Dear, 2013; Ding, 2008). Rashid et 
al. (2006) found that three features of the work environment are relevant for 
communication: visibility, accessibility, and openness. These spatial features may lead to 
visible co-presence, which may increase face-to-face interaction (Rashid, et al., 2006). Appel-
Meulenbroek (2010) also claimed that co-presence seems to be particularly important for 
communication. On the other hand, too much communication may lead to noise and 
distraction and lack of privacy, which are large drawbacks of open-plan offices (e.g. Sanoff, 
1985; Kim & de Dear, 2013; Brennan, Chugh, & Kline, 2002). De Croon et al. (2005) stated 
that the noise in open environments might increase the workload. Vischer (2008) explains 
that coping with negative environmental stimuli costs energy, leaving less energy for 
conducting the actual work. However, some distraction might be benificial for simple and 
dull tasks, known as the social facilitation theory (Brennan, Chugh, & Kline, 2002; 
Sundstrom, Burt, & Kamp, 1980). These effects on the employee can be explained with the 
Yerkes-Dodson Law, which is related to the arousal perspective (Bell, et al., 2001c). This law 
proposes that stimulation, leading to arousal, is beneficial for performance, but too much 
arousal has a negative effect because it leads to stress (Oseland, 2009; Bell et al., 2001c). This 
can be visualized with the inverted-U curve, shown in Figure 12. An intermediate level of 
arousal is thus optimal. However, the tolerance for noise depends on the complexity of the 
work (Bell, et al., 2001c) and on individual differences. Oseland (2009), for example, clarifies 
that extravert people need more external stimulation than introverts. Furthermore, Maher & 
Von Hippel (2005) indicated that individual differences in two psychological abilities are 
relevant: inhibitory ability, which implies effectively inhibiting irrelevant information; and 
screening ability, which implies reducing overstimulation by putting higher priority on 
relevant information (Maher & Von Hippel, 2005). Thus, these abilities might increase the 
tolerance for noise and satisfaction in open-plan offices. Nevertheless, Sundstrom, Burt & 
Kamp (1980), argued that privacy is important for all employees. 
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Therefore, open-plan offices are consistently associated with less satisfaction with noise, 
concentration, and privacy (e.g. Kim & De Dear, 2013; Lee & Brand, 2005; Jahncke, et al., 
2011). Brennan, Chugh & Kline (2002) found in a case study that satisfaction decreased after 
the employees moved to an open-plan office, due to the lack of privacy and noise. 
Additionally, they found support for the assumption that employees do not get used to the 
noise, through of a longitudinal study (Brennan, Chugh, & Kline, 2002). Moreover, Kim & De 
Dear (2013) and Frontczak, et al. (2002) examined satisfaction with various aspects and 
found that cell offices in fact outperformed open-plan offices on generally all of them. Kim & 
de Dear (2013) found that in cell offices satisfaction was particularly higher regarding indoor 
climate, visual and auditory privacy, noise, space, and funiture. On the other hand, 
dissatisfaction in open-plan offices was generally caused by lack of auditory privacy, 
followed by noise, temperature and visual privacy (Kim & de Dear, 2013). Sanoff (1985) found 
similar results in a post-occupancy evaluation of an open-plan office; the employees were 
most dissatisfied with the noise and distraction, the lack of privacy, and the temperature and 
ventilation. Additionally, the insuffucient storage space was disliked. On the other hand, the 
employees valued the view from the windows and the co-presence of coworkers (Sanoff, 
1985). Moreover, Kim & de Dear (2013) suprisingly did not find that satisfaction with 
communication was higher in open-plan offices. On the contrary, some studies demonstrate 
that satisfaction with communication might even decrease, due to the loss of privacy needed 
for confidential communication (e.g. De Been, Beijer, & den Hollander, 2015; Brennan, 
Chugh, & Kline, 2002; Kim & de Dear, 2013). Boutellier et al. (2008) addressed it is important 
for employees to have barriers, so that they are able to regulate their interaction. Thus, it can 
be concluded that open-plan offices are negative for satisfaction. De Croon et al. (2005) also 
reviewed the relevant literature and undisputedly found support for this conclusion. Indeed, 
Kamarulzaman et al. (2011) argue that being able to work in a noiseless work environment 
with an adequate indoor climate is most important for employees. One explanation for these 
negative perceptions of the open-plan office is the level of control: Employees prefer to have 
control over aspects such as the indoor environment or their interaction (e.g. Roelofsen, 
2002; Haynes, 2008b; Lee & Brand, 2005). 

However, open-plan offices are less common in Europe and the Netherlands. Therefore, De 
Been & Beijer (2014) only included the three office types that are most common in the 
Netherlands: individual and shared cell offices, combi offices and flex offices. They found 
that employees in cell offices were significantly more satisfied with privacy and 
concentration, as expected. Furthermore, satisfaction with communication was higher in 
combi offices (De Been & Beijer, 2014). This result is in line with the findings of Bodin-
Danielsson & Bodin (2008). Bodin-Danielsson & Bodin (2008) found that satisfaction with 
communication was highest in combi offices, even though these offices had low overall 
satisfaction. The combination of both open and private workspaces in these offices is 
essential for collaboration, according to Heerwagen et al. (2004). On the other hand, De 
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Figure 12: The Yerkes-Dodson Law, 
showing that some arousal is beneficial 
for performance, but too much is 
counterproductive. Derived from Bell 
et al. (2001c) 
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Been & Beijer (2014) did not find that employees in flex offices were more satisfied with 
communication. They attribute this result to the frequently changing position of coworkers 
(De Been & Beijer, 2014). In general, the studies discussed in this section demonstrate that 
office concept and layout can affect satisfaction. It is also important to note that this 
relationship is actually indirect. Different layouts lead to differences in satisfaction with the 
support of needs, or specific aspects of the work environment. Subsequently, the satisfaction 
or dissatisfaction with these various aspects determines the overall satisfaction with the 
work environment (e.g. Kim & de Dear, 2013; Veitch, et al., 2007). It seems that open-plan 
offices are least beneficial for satisfaction on several important aspects, as discussed above. 
These drawbacks might also be relevant for the activity-based office concept, because these 
offices also comprise largely open spaces. However, the activity-based concept and the 
NewWoW are also associated with additional benefits, as discussed next.    

3.2.2 The NewWoW and satisfaction 

Although research on satisfaction in general is extensive, research on the effects of the 
NewWoW and the activity-based work environment on satisfaction is still in its infancy. The 
studies of De Been & Beijer (2014) and Bodin-Danielsson & Bodin (2008) discussed above did 
include the flex office, and demonstrated positive results. Beijer, Van der Voordt, & 
Hanekamp (2011) also state that employees in new flex offices are generally more satisfied 
compared to cell offices. However, Van der Voordt (2004) reports mixed results regarding 
the NewWoW. Although employees are mostly satisfied after implementation, there are also 
cases in which numerous employees prefer to return to the original situation (Van der 
Voordt, 2004). Gorgievski et al. (2010) report the results of a POE of a university building 
after implementing the NewWoW. They found that employees were satisfied, but less than 
they were in the original situation consisting of cell offices. The employees valued the 
aesthetics, functionality and social interaction, but were less satisfied with privacy, 
concentration, storage space, and personalization (Gorgievski, et al., 2010). These drawbacks 
are quite similar to those of conventional open-plan offices. Van der Voordt & d'Ancona 
(2013) and Van der Voordt (2004) argue that these drawbacks can be compensated, by 
providing a proper balance between open and closed workspaces. Additionally, the 
aesthetics and IT should be above average (Van der Voordt, 2004). Van der Voordt & 
d’Ancona (2013) add that an adequate indoor climate is pivotal. Another advantage is the 
increased autonomy and the opportunity to work at home, which can enhance the balance 
between work and private life (Kossek, Kalliath, & Kalliath, 2012; Pouwelse, 2013). Thus, the 
NewWoW also provides sufficient advantages. Appel-Meulenbroek et al. (2015a) conducted 
an extensive study (47,913 respondents) and compared the NewWoW with traditional work 
environments. They found that the NewWoW was associated with higher satisfaction 
regarding indoor climate, aesthetics and cleanliness. Furthermore, satisfaction was higher 
regarding leisure and seclusion rooms. On the other hand, employees in traditional work 
environments were more satisfied with privacy, furniture, storage, and facilities. Satisfaction 
with IT did not differ significantly  (Appel-Meulenbroek, et al., 2015a). Most of these results 
are as expected, except for facilities and IT. However, De Been & Beijer (2014) and  Beijer, 
Van der Voordt & Hanekamp (2011) also found that satisfaction with facilities and IT was 
lower in flex offices. A possible explanation might be that IT and other facilities are more 
important in flex offices, thus leading more easily to dissatisfaction when not sufficiently 
supportive (Beijer, Van der Voordt, & Hanekamp, 2011; De Been & Beijer, 2014). Thus, based 
on these drawbacks and advantages, it is unclear whether the activity-based office concept is 
beneficial for overall satisfaction with the work environment. Moreover, in practice, the 
concept is often not used as intended (see section 2.3.4). Hoendervanger et al. (2015) argue 
that this inadequate use might increase dissatisfaction. De Been, Beijer & den Hollander 
(2015) add that employees can become irritated when specific workspaces are occupied. 
Thus, the workspace use within the activity-based office concept is also relevant for 
understanding satisfaction.  
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3.2.3 Satisfaction and productity 

Satisfaction with the work environment might not only increase job satisfaction, but also 
productivity (e.g. Kamarulzaman et al., 2011; Veitch, et al., 2007; De Been & Beijer, 2014). 
Khamkanya, Heaney, & McGreal (2012) and Lee & Brand (2005) found a signitificant 
correlation between satisfaction and perceived productivity. Productivity is also a major 
concern of CREM, and can be defined as the relation between input and output (Van Ree, 
2002; Van der Voordt, 2004). However, it is hard to measure actual productivity, because it 
is hard to determine what the output of knowledge work is (Laihonen, et al., 2012; Haynes, 
2007c). Hence there is little research on the effects of the work environment on productitity 
(Batenburg, et al., 2008). Therefore, it is useful that satisfaction with the work environment 
can be used to predict (perceived) productivity. Existing research shows that the aspects that 
are relevant for satisfaction are also relevant for productivity, such as interaction, 
distraction, and comfort (Haynes, 2007a). Thus, satisfaction with these aspects might also 
(indirectly) enhance productivity.  

3.3 Conclusion 

This section addressed the effects of the work environment on employee satisfaction, and 
therefore provides the answer to research question 2. These insights are pivotal for the main 
problem statement of this thesis, which is essentially about satisfaction with the work 
environment. Thus, it is necessary to understand the effects of different office concepts and 
workspaces on satisfaction. These effects have been widely studied. In particular, cell offices, 
open plan offices, and activity-based offices are prevailing in literature. Figure 13 summarizes 
the findings presented in this chapter. There is strong evidence for the positive effect of cell 
offices on satisfaction. Employees are generally satisfied in these types of offices. 
Furthermore, open plan offices are consistently found to be negative for satisfaction, due to 
various drawbacks. These drawbacks include noise and distractions, lack of privacy, lack of 
storage space, and lack of control over indoor climate. Lastly, research on the effects of 
activity-based offices on satisfaction shows inconsistent and less conclusive results, thus the 
effects are still unclear. The activity-based office concept also comprises largely open 
workspaces. However, due to the presence of additional enclosed workspaces, the activity-
based concept might be beneficial for satisfaction.   

 

 

 

 

 

 

 

 

 

 

It has become clear that these outcomes are related to the extent to which the activities and 
needs of the employees are supported by the work environment. That is, the used office 
concept leads to certain workspaces, as discussed in Chapter 2, and these workspaces should 
fit the activities and the needs of the employees. A misfit results in less satisfaction. To fully 
understand these differences in satisfaction in different office environments, it is important 

Figure 13: Summary of the effects of office concept on employee satisfaction 
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to consider the activities and needs of the employees. Thus, this chapter provides support 
for the assumed relationships in the conceptual model, which indicate that satisfaction is a 
function of both characteristics of the work environment and of the employee. Figure 14 
highlights these three areas – the environment ‘side’, person ‘side’, and P-E fit – within the 
conceptual model. The environment and the person also ‘interact’. Needs are personal 
characteristics that might be influenced by the environment - particularly when they are not 
met - while workspace use represents how the person can have influence on their 
environment. This ‘interaction’ determines the P-E fit (i.e. satisfaction). For a better 
understanding of this fit, it is useful to not only assess overall satisfaction with the work 
environment, but also satisfaction with the support of those needs. As has become clear, the 
satisfaction with these aspects determines overall satisfaction. Therefore, the conceptual 
model is extended, shown in Figure 14. Perceived productivity is also added, because of its 
relationship with satisfaction. The needs and further elaboration of the model are discussed 
in the next chapter.  

 

 

 

 

Figure 14: The preliminary conceptual model with the elaboration of satisfaction 
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4. The employee 
The problem statement in this thesis explicitly incorporates the needs of the employee and the 
personal differences of the employee. Chapter 3 also elucidates that these needs are pivotal to 
understand satisfaction, because employee satisfaction is thought to be a result of the 
interaction between the work environment and employee. The work environment has 
thoroughly been discussed in Chapter 2. Thus, this chapter focuses on the employee, and in 
particular on the needs of that employee, and discusses the relevant literature on this subject. 
These needs are important to consider in order to predict and explain satisfaction with the 
physical work environment. Before addressing these needs, the knowledge worker is discussed 
in greater detail in section 4.1, focusing on the activities and diversity of knowledge workers. 
These characteristics and the possible differences are important for understanding the needs 
of these employees. These needs are subsequently discussed in section 4.2. Thereafter, the 
personal characteristics that might influence these needs are addressed in section 4.3. The 
chapter ends with a conclusion given in section 4.4.This chapter therefore provides the answer 
to research question 3: What are the needs of employees regarding the physical work 
environment and what are the relevant personal characteristics and activities that can 
influence these needs? 

4.1 The contemporary knowledge worker 

In Chapter 2, the rise of knowledge work has been discussed. According to Heerwagen et al. 
(2004), knowledge work is mental rather than physical, and uses information to create 
services and products. It has become clear that knowledge work nowadays is more creative, 
more collaborative and more autonomous (Greene & Myerson, 2011). Additionally, these 
knowledge workers become more familiar with IT and hence more mobile (Baane, 
Houtkamp, & Knotter, 2011; Venezia & Allee, 2007). However, knowledge workers are also 
becoming more diverse, depending on their role and position, which might result in 
different needs (Venezia & Allee, 2007). To understand the needs of employees, it is 
necessary to gain insight into their work patterns and activities. Additionally, the increased 
external mobility (due to IT) is characteristic for the contemporary employee. Thirdly, the 
generational differences seem to be relevant, particularly regarding the transition to newer 
office concepts. The NewWoW is a response to the employee 2.0, which generally concerns 
the youngest generation, Generation Y (Baane, Houtkamp, & Knotter, 2011). However, older 
employees are still dominant in the workforce, making generational differences relevant.  

4.1.1 work patterns and activities of employees 

The activities and work patterns of office employees may vary widely. Tabak (2008) 
conducted an extensive study on workplace behavior and concluded that activities vary on 
several aspects. First, the nature of activities can be work-related, social or physiological. 
Second, activities can be either individual or in a group, requiring communication. Third, 
activities can be planned or unplanned (Tabak, 2008). This approach can result in a large 
variety of activities, but Vos & Van der Voordt (2001) limit these activities by maintaining a 
rather high aggregation level.  Figure 15 shows these activity groups and the time spent on 
them. As can be seen, these activities are generally work-related and social, suggesting that 
physiological activities (such as toilet visits) are grouped under other activities. 
Furthermore, there is a distinction between individual actitivies (desk work) and group 
activities (communication). Regarding communication, a clear division between unplanned 
and planned communication is seen, assuming that informal communication is often 
unplanned. Thus, this figure generally captures all aspects of Tabak (2008) though the main 
distinction is made between individual and group work. Duffy (1997) also considers 
autonomy on the one hand and interaction on the other hand to be most determinantive for 
workplace needs, as discussed in Chapter 2.  De Been & Beijer (2014) note that, regarding 
individual work, the amount of concentration work is particularly important.    
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Figure 15: The average activity pattern (Vos & van der Voordt, 2001) 

Tabak (2008) also addresses that the duration and frequency of these activities may vary, 
which contributes to the total time spent on them (Figure 15). This might vary among 
different employees, as well as the sequence of the activities, resulting in different work 
patterns and processes (Groenen, 2010). Additionally, the priority of several activities can be 
higher. Lastly, the location and facilitaties chosen or used for the activity can vary (Tabak, 
2008). The different workspaces that can generally be used in work environments are 
discussed in section 2.4. Employees generally use other facilities for meetings (e.g. meeting 
room) than for individual work (e.g. concentration cell or own workstation). This choice 
behavior results in internal mobility of employees. This should be distinguished from 
external moblity, as discussed next.  

4.1.2 Mobility of the employees 

The knowledge workers are also becoming more mobile. A distinction can be made between 
internal mobility and external mobility (Groenen, 2010). Groenen (2010) addresses that 
internal and external mobility are important features for understanding work patterns, 
besides merely activities. Greene & Myerson (2011) therefore distinguish between mobility 
patterns. According to Greene & Myerson (2011), four types of knowledge workers can be 
distinguished, based on their external mobility: 

 The anchor, who does not leave his desk frequently. Instead, others will visit him for 
information; 

 The connector, who is half of the time elsewhere in the office, interacting with 
coworkers of different departments; 

 The gatherer, who is half of the time outside the office, visiting external 
connections; 

 The navigator, who is rarely in the office, and is always traveling, even abroad. 

Thus, Greene & Myerson (2011) also consider the time spent outside the office. Venezia & 
Allee (2007) add that these mobile workers, when present at the office, particularly need 
places to interact. Thus, their mobility patterns also determine their work patterns at the 
office, and therefore also the needs of the employees.  

4.1.3 The multigenerational workforce 

Lastly, an important aspect to consider is the variety in generations. There are currently 
three generations common in the workforce (e.g. Lyons & Kuron, 2013; Earle, 2003): 

 Baby Boomers (1946-1964) 
 Generation X (1965-1980)  
 Generation Y or Millennials (1981-2000)  
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These generations all have their own different characteristics. Lyons & Kuron (2013, p. 140) 
define a generation as “a group of individuals born in the same historical and socio-cultural 
context, who experience the same formative experiences”. Thus, members of the same 
generation are not only simply born in the same period, but they have also shared the same 
experiences. Particularly the life stage in which these events occur is important, because 
personality is generally formed before the age of 30 (Lyons & Kuron, 2013). As a result, 
members of the same generation share similar attitudes and values, as well as similar 
personalities and behaviors (Lyons & Kuron, 2013). In particular, Generation Y is seen as the 
employee 2.0 due to the familiarity with IT, and the NewWoW is therefore particularly 
suitable for them (Baane, Houtkamp, & Knotter, 2011; Liu, 2014). However, due to the 
prevalence of the older generation is the workforce, the notion of generational differences in 
the workplace has received much attention, both in practice and among academics (e.g. 
Lyons & Kuron, 2013; Erlich & Bichard, 2008). On the other hand, Giancola (2006), therefore, 
refutes the generational gap, because large variations within generations are also common. 
Additionally, it is difficult to determine whether differences between these groups can be 
ascribed to actual generational differences, or simply to age differences (Lyons & Kuron, 
2013; Joshi, Dencker, & Franz, 2011; Becton, Walker, & Jones-Farmer, 2014). Possible 
differences in behavior and attitudes can also be due to differences in life course, family 
status, experience, or simply be due to the ageing process (Rothe et al., 2012). Rothe et al. 
(2012) therefore claim that it is safer to consider age (groups), instead of generations. 

4.1.4 Concluding remark 

In this section, the diversity of the contemporary knowledge worker has been addressed. It is 
important to understand these aspects of the employees, because they determine the needs. 
The activities are particularly assumed to determine the needs, which becomes clear in the 
next section. Other characteristics of the employee might also have an influence on the 
importance of several needs, which is discussed thereafter in section 4.3. First, the general 
needs of the employees are discussed.  

4.2 Needs of the employees 

In the previous chapter, a clear distinction has been made between satisfaction on the one 
hand, and needs on the other hand. Moreover, it has become clear that these two are 
related, because satisfaction increases when needs are met (Van der Voordt, 2004). Thus, it 
is important to understand these needs. Needs are distinct from preferences, because they 
are more essential. That is, needs cause dissatisfaction when unmet, while preferences raise 
satisfaction when met (Rothe, et al., 2011+2012; see also Figure 2). Rothe et al. (2011) therefore 
link needs and preferences to the dissatisfiers and satisfiers of Herzberg’s theory, 
respectively. However, most aspects of the work environment act as dissatisfiers (Pouwelse, 
2013; Bell, et al., 2001a). Similarly, Lee (2006) found that features performing below 
expectation (dissatisfiers) cause dissatisfaction, while features that exceed expectation 
(satisfiers) do not raise satisfaction to the same extent. Thus, it is more important to fulfil 
needs (Oseland, 2009), because preferences might be superfluous (Heijs, 2007). Lastly, Heijs 
(2007) advocates that needs should be formulated as characteristics of the person, not as 
features of the supply side

2
. That is, the needs on the demand side should be separated from 

characteristics of the real estate on the supply side, similar to the P-E fit model (Heijs, 2007). 
Thus, Heijs (2003, p. 362) defines needs as “a vital goal or condition one is trying to reach”. 
This approach is adopted in this section.  

                                                           
2
 Niemi & Lindholm (2010, p. 36), for example, define needs as “desired supplies of real estate”, which is 

not logical according to Heijs (2007).  
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4.2.1 Exploration of relevant needs 

It is important to include all relevant needs. The theory of Maslow addresses basic human 
needs (see Figure 16), which are also relevant for the work environment (Van der Voordt & 
Van Meel, 2002). This hierarchy shows that people in general have social needs and the need 
voor aesthetics, for example. Nevertheless, these needs are quite general, and there are more 
specific needs in work environments. These needs are also addressed in the literature and 
need to be included. Vischer (2007b+2008) provides a useful hierarchy of three categories of 
needs specifically for work environments. First, physical comfort refers to general needs 
such as health and safety, which adresses general building aspects such as the indoor climate 
(Vischer, 2007b). Barett et al. (2014) refer to this with the term naturalness and claim that 
presence of greenery and nature is also important. In this study, the term environmental 
comfort is used. Second, Vischer (2007b) includes functional comfort, which concerns work-
related needs. Lastly, Vischer (2007b) adds psychological comfort which refers to the 
psychological needs. 

Various studies addressed the specific needs that belong to one or more of these three 
categories. Van der Voordt & Van Meel (2002), for example, clearly address the psychological 
needs. Van der Voordt & Van Meel (2002) firstly addressed several theories about basic 
human needs; for example, the theories of Maslow and Herzberg. Van der Voordt & Van 
Meel (2002) translated these needs to the work environment, and these needs are included 
in Figure 17. Hills & Levy (2014) thoroughly reviewed the literature more broadly and created 
a framework with important aspects for the employee, regarding both work-related and 
psychological needs. Appel-Meulenbroek, Groenen & Janssen (2011), Fleming (2005) and  
Maarleveld, Volker & Van der Voordt (2009) also addressed several work-related needs and 
some psychological needs, and examined their relative importance. Appendix 1 provides an 
overview of the needs that are addressed in these studies. However, these studies do also 
address many aspects of the supply side, so only the true needs (that are characteristics of 
the employee) are included in Figure 17, with some adaptations

3
.  

Thus, based on these studies, it is assumable that Figure 17 includes the most important 
employee needs. In particular, Hills & Levy (2014) provide a good basis, which is extended 
with other studies. IT is not included in Figure 17, as it belongs to the virtual work 
environment and is actually a characteristic of the supply side. These needs, as well as their 
relative importance, are discussed subsequently.  

                                                           
3
 For example, Hills & Levy (2014) include ‘density and proximity’ and ‘adjacency’, but these actually 

address the needs regarding privacy and social interaction (Van der Voordt & Van Meel, 2002; Oseland, 
2009). Similarly, the aspects ‘workability’ (Hills & Levy, 2014) and ‘functionality’ (Maarleveld, Volker, & 
Van der Voordt, 2009) are somewhat vague, and actually refer the aspects collaboration, concentration 
and space needs. Appel-Meulenbroek, Groenen & Janssen (2011) refer to the latter using ‘dimensions of 
the work desk’, which is obviously a characteristic of the supply side. 

Physiological needs 

Safety 

Belonging, social needs 

Esteem 

Cognition 

Aesthetics 

Self-actualization 

Figure 16: The Needs hierarchy of Maslow. (Van der 
Voordt & Van Meel, 2002) 
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4.2.2 Environmental comfort  

Comfort is important for all users of buildings, so also for employees. For these needs, some 
reference to the supply side is inevitable for clearly defined and specific needs.  

Climate comfort and visual comfort 

The indoor climate is important because it affects productivity (e.g. Roelofsen, 2002) and 
comfort (e.g. Haynes, 2008b). The indoor climate generally concerns temperature, air 
quality, lighting, and acoustics (Roelofsen, 2002). Nevertheless visual comfort (i.e. lighting) 
is generally seen as a distinct need from climate comfort (e.g. Kim & de Dear, 2013; Fleming, 
2005; see also Appendix 1). Beijer, Van der Voordt & Hanekamp (2011) and claimed that 
indoor climate was one of the most important aspects for employees. Maarleveld, Volker & 
Van der Voordt (2009) even found that only concentration was more important than indoor 
climate, while El-Zeiny (2012) only found furniture to be more important. Fleming (2005) 
assessed the importance of a large number of aspects, and found that particularly aspect that 
relate to lighting and visual comfort score high on importance, but temperature was also 
among the most important aspects. Thus, both climate comfort and visual comfort are 
highly important in the work environment.  

Nature 

Bell et al. (2001e) state that humans have a clear and deeply rooted relationship with nature.  
Oseland (2009) also explains that employees therefore prefer greenery, natural ventilation, 
outside view, and daylight. Greenery is also beneficial for the restoration of employees 
(Jahncke, et al., 2011). Fleming (2005) found that natural light was among the most 
important aspects for employees. Proximity of windows and a view outside also scored 
moderately high (Fleming, 2005). Appel-Meulenbroek, Groenen & Janssen (2011) and Sanoff 
(1985) also found that employees perceive outside view from their workstation as important. 

Figure 17: Holistic overview of employee needs, according to the categories of Vischer (2007b). The specific 
needs are derived from the sources reported in the boxes. 
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Similarly, plants and greenery inside the building are perceived positively (Kamarulzaman, 
et al., 2011; Sanoff, 1985). Thus, it is important to consider the human-nature relationship.     

4.2.3 Work-related needs 

The work environment should obviously support the work of the employees. That is, 
functionality of the workplace is found to be one of the most important aspects for 
employees (Beijer, Van der Voordt, & Hanekamp, 2011; Maarleveld, Volker, & Van der 
Voordt, 2009; Hills & Levy, 2014). However, ‘functionality’ is a rather broad concept, and it is 
more refering to the supply side. Therefore, the corresponding needs that determine 
functionality are determined in section 4.2.1, and discussed subsequently.  

Concentration 

Concentration is essential for knowledge work, as desk work represents approximately 50% 
of the time spent working (see Figure 15). Therefore, this need is addressed by many authors 
(e.g. Beijer, Van der Voordt, & Hanekamp, 2011; Gorgievski, et al., 2010; Joy & Haynes, 2011; 
De Been & Beijer, 2014). In fact, Maarleveld, Volker & Van der Voordt (2009) found 
concentration to be most important for employees. Other studies found other aspects to be 
more important, but still placed high importance on concentration (e.g. Appel-
Meulenbroek, Groenen, & Janssen, 2011; Fleming, 2005). Employees do not want to be 
distracted by noise (Bell, et al., 2001a). According to Oseland (2009), it takes 15 minutes for 
employees to get back to fully being concentrated again after being distracted. Thus, the 
workload increases due to noise (De Croon, et al., 2005). According to Bell et al. (2001a), 
speech is among the most distracting noises. As discussed in section 3.2.2, noise increases 
the level of arousal, and hence has undesirable consequences. However, the level of arousal 
at which these negative consequences occur depends on personal differences and the 
complexity of work (Oseland, 2009; Maher & Von Hippel, 2005). These differences are 
addressed in section 4.3.  

 

Figure 18: The contradicting interaction between collaboration and concentration (Erlich & Bichard, 2008) 

Communication and proximity of coworkers 

Collaboration is an essential part of knowledge work (Greene & Myerson, 2011), and 
therefore communication is highly important as well. Joy & Haynes (2011) addressed that 
communication, collaboration and knowledge-sharing are important needs of the 
contemporary knowledge worker. Numerous other authors also address the importance of 
communication (e.g. Beijer, Van der Voordt, & Hanekamp, 2011; Gorgievski, et al., 2010; 
Brennan, Chugh, & Kline, 2002). According to Maarleveld, Volker & Van der Voordt (2009), 
communication is moderately important for employees. However, as employees are 
becoming more mobile, the social role of the office increases (Venezia & Allee, 2007; CBRE, 
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2011). Related to communication and collaboration, the relative position of the employees is 
important (Appel-Meulenbroek, Groenen, & Janssen, 2011). Employees want to be located 
near team members, and at a place known by other employees (Appel-Meulenbroek, 
Groenen, & Janssen, 2011). Fleming (2005) found that accessibility of coworkers was among 
the most important aspects for employees. Hills & Levy (2014) add that adjacency of 
coworkers can be beneficial for team building. On the other hand, work is becoming place 
independent. Therefore, IT becomes more important for communication. In fact, several 
studies pointed out that IT was among the most important aspects for employees (Appel-
Meulenbroek, Groenen, & Janssen, 2011; Maarleveld, Volker & Van der Voordt, 2009; 
Fleming, 2005). IT is, however, not considered in this study, because it belongs to the virtual 
work environment.  

Unfortunately, the need for communication might contradict with the need for 
concentration. Figure 18 shows a classification of workspaces based on these two needs. As 
can be seen, most work environments are either beneficial for concentration or 
communication. Thus, it might be hard to satisfy both needs in one workspace.  

Furniture and functionality: Ergonomics, space needs and storage space needs 

Furniture is an important concern in work environments. Appel-Meulenbroek, Groenen & 
Janssen (2011) El-Zeiny (2012) and Fleming (2005) all found that ergonomics was the most 
important aspect for employees. Bell et al. (2001a) define ergonomics as human factors 
psychology, which addresses the interaction between humans and machines and furniture 
for example (Bell, et al., 2001a). Kim & de Dear (2013) also found that the comfort of 
furniture has a relatively high effect on overall satisfaction with the work environment. 
Thus, the comfort and ergonomics of the furniture are very important.  

Another important aspect regarding furniture are the dimensions, because people need 
space to conduct their work adequately (e.g. Hills & Levy, 2014; Sanoff, 1985). Appel-
Meulenbroek, Groenen & Janssen (2011) and Fleming (2005) found that the size of the desk is 
moderately important for employees, but Kim & de Dear (2013) found desk size to be most 
important for overall satisfaction. Similarly, storage space is considered to be important (e.g. 
Ding, 2008; Hills & Levy, 2014; Fleming, 2005). Ding (2008) found that both employees and 
managers thought that sufficient storage space was important for their productivity. 
However, Maarleveld, Volker & Van der Voordt (2009) found that not a single employee 
addressed storage space as an important need. On the other hand, insufficient storage space 
is often a cause of complaints and dissatisfaction (e.g. Ding, 2008; Gorgievski, 2010; Sanoff, 
1985). A possible explanation for this discrepancy is derived from Heijs (2003). Heijs (2003) 
argues that needs may only be revealed when they lead to problems. Thus, employees might 
not be aware of this need, except for when there is insufficient storage space. Therefore, 
from this point of view, it may be concluded that storage space is a relatively important 
need.  

4.2.4 Psychological needs 

Next to work-related needs, employees have psychological needs. Employees are not simply 
production factors or machines, like Taylor proposed (Duffy, 1997), but they are human 
beings. Therefore, employees also have needs that are generally present in all human beings. 
Even though these needs are not directly related to the actual work, they are still relevant 
because these needs are also expressed in the workplace.  

Privacy 

Privacy is essentially about control over the amount of social interaction (Oseland, 2009; 
Van der Voordt & Van Meel, 2002). Sundstrom, Burt & Kamp (1980) refer to this as 
psychological privacy, and add that privacy also has a physical dimension. They distinguish 
between visual and auditory privacy, which thus means having control over seeing and being 
seen, and over hearing and being heard, respectively. Employees, and people in general, 
want to control this, because too little social interaction may result in social isolation, and 
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too much may lead to a feeling of overcrowding (Oseland, 2009; Haans, Kaiser, & De Kort, 
2007). Van der Voordt & Van Meel (2002) designate this as the psychological motive for 
privacy, but also add that privacy can have a functional motive (Van der Voordt & Van Meel, 
2002). That is, privacy is needed for confidential communication and concentration (Van der 
Voordt & Van Meel, 2002; Gorgievski, et al., 2010). Appel-Meulenbroek, Groenen & Janssen 
(2011) and  Maarleveld, Volker & Van der Voordt (2009) found that privacy scored high on 
importance. Ding (2008) even found that privacy was considered as the most important 
aspect, among both employees and managers. Kim & de Dear (2013) also found that 
particularly visual privacy is important for overall satisfaction. On the other hand, Fleming 
(2005) surprisingly found privacy to be among the least important features. El-Zeiny (2012) 
also found that privacy was not very important.  Other studies clarify individual differences 
in privacy needs, due to personality and the complexity of the job (Oseland, 2009; see 
section 4.3). However, Sundstrom, Burt & Kamp (1980) claim that privacy is beneficial for all 
jobs.  

Territoriality and personalization 

Another psychological need, closely related to privacy, is territoriality. Van der Voordt & Van 
Meel (2002) also refer to this need as territorial privacy. Territoriality means having 
ownership or control over a certain place (Bell, et al., 2001d). In this context, personal space 
is important. Personal space is the minimal distance that a person wants to maintain with 
other people (Bell, et al., 2001d). Violating personal space may cause arousal and stress (Bell, 
et al., 2001d). As a result, high densities of people leading to too close proximity might result 
in feelings of over-crowding (Oseland, 2009; Hills & Levy, 2014). Hills & Levy (2014) also add 
that territoritality is related to security. Therefore, people prefer to have territorial privacy 
and create their own territory (Van der Voordt, & Van Meel, 2002). Brown (2009) adds that 
this should also be made clear to others, in order to prevent ‘intrusions’. Thus, territoriality 
can lead to personalization of the workplace (Bell, et al., 2001a+d; Van der Voordt & Van 
Meel, 2002). Furthermore, people use personalization as a means to express their identity 
and for practical reasons, such as having everything visible and within reach (Van der 
Voordt & Van Meel, 2002). Moreover, personalization is not only about displaying objects 
(e.g. photos), but also about adjusting objects (e.g. chair) (Brunia & Hartjes-Gosselink, 
2009). According to Bell et al. (2001d), offices are seen as primary territories

4
, comparable to 

homes. Thus, employees tend to have a high perceived ownership in offices, and therefore 
have a high need of personalization (Bell , et al., 2001d). In fact, this need is so strong that it 
is even expressed in non-territorial offices (Brunia & Hartjes-Gosselink, 2009) or when the 
organizational policy discourages personalization (Wells & Thelen, 2002).  

Status expression 

Besides the need of visualizing identity, employees also have a need to visualize their status 
(Van der Voordt & Van Meel, 2002; Bell, et al., 2001a). Van der Voordt & Van Meel (2002) 
refer to the needs hierarchy of Maslow to explain that people want to show what they have 
accomplished. Hills & Levy (2014) address this as recognition, which means that space and 
personalization are considered a reward for status. Privacy and territoriality then have a 
symbolic function (Van der Voordt & Van Meel, 2002). This has also been convention for 
several decades (Hills & Levy, 2014; Duffy, 1997). Thus, employees may still expect that once 
they get promotion, their personal work environment will also improve.  

                                                           
4
 Two other types of territories are secondary territories and public territories. A classroom is 

an example of a secondary territory; the place is not owned, but the user is one of the few 
who actually use it, and wants to have control over the place. Public territories are not 
owned at all, and hard to control; however, people still want to have some control (e.g. at 
the beach, at the train) (Bell, et al., 2001d).   
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Social interaction  

Employees do not only need to interact for work, but also value informal social interaction. 
Oseland (2009) argues that, according evolutionary psychology, people can still be viewed as 
social animals that want to come together and socially interact. Communication can 
enhance social cohesion and a sense of belonging, which are beneficial for the wellbeing of 
the employee (Van der Voordt & Van Meel, 2002). The social needs of people are also 
addressed in Maslow’s need hierarchy, thus being a basic human need for all human beings 
in general (Van der Voordt & Van Meel, 2002). As discussed above, too little social 
interaction (or too much privacy) may result in feelings of social isolation (Haans, Kaiser, & 
De Kort, 2007). In particular, mobile employees come to the office for social reasons 
(Venezia & Allee, 2007). Thus, social interaction is a highly important need, also in the work 
environment.  

Control 

Employees also want to have control over their work environment (Lee & Brand, 2005; Van 
der Voordt & Van Meel, 2002; Vischer, 2008), also referred to as customizability by Hills & 
Levy (2014). This can be explained by the behavior constraint theory (see section 3.1.1). Lack 
of perceived control may eventually result in learned helplessness, which has negative 
consequences for the employee’s wellbeing (Bell, et al., 2001c). Perceived control relates to 
many aspects. For example, privacy is control over social interaction (Oseland, 2009) and 
personalization is control over the appearance of the workspace (Brunia & Hartjes-
Gosselink, 2009). Moreover, control over indoor environment is a relevant aspect (Lee & 
Brand, 2005; Roelofsen, 2002), as well as adjustability of the furniture (Ding, 2008; Kim & de 
Dear, 2013). The latter two clearly have a functional value, while the first two are also largely 
psychological. Lastly, Bodin-Danielsson & Bodin (2008) argue that the autonomy and 
freedom in choice – which is higher in activity-based offices – is also a means of control. 
Autonomy can also be beneficial and important for a better balance between work and 
private life (Kossek, Kalliath, & Kalliath, 2012). 

Aesthetics 

Van der Voordt & Van Meel (2002) claim that aesthetics are important for the well-being of 
the employees. The need for aesthetics is also included in the needs hierarchy of Maslow 
(Van der Voordt & Van Meel, 2002). Oseland (2009) uses the insights from evolutionary 
psychology to explain that people like stimulating environments. According to the Kaplan 
and Kaplan model (in: Bell, et al., 2001e), people seek both understanding and exploration in 
their environment. Thus, the environment should contain coherence, but also some 
complexity and mystery (Bell, et al., 2001e). Barett et al. (2015) also acknowledged that 
complexity is an important feature of the environment. Additionally, colors and materials 
are important to consider (Kamarulzaman, et al., 2011; Appel-Meulenbroek, Groenen, & 
Janssen, 2011). Appel-Meulenbroek, Groenen & Janssen (2011) Maarleveld, Volker, & Van der 
Voordt (2009), and El-Zeiny (2012), however, found that colors and materials were not 
among the most important aspects. Similarly, Fleming (2005) found that aesthetics was 
among the least important aspects.   

Relaxation 

Not only working is relevant for work environments. Employees also need to rest 
occasionally, which can be done alone or by socially interacting (Hills & Levy, 2014). Resting 
might be beneficial for performance (e.g. Smolders, et al., 2012;  Jahncke, et al., 2011). 
Fleming (2005) also found that an informal and relaxed atmoshere was quite important. The 
activity-based office responds to this need by providing informal areas, for relaxation and 
informal communication (e.g. Van der Voordt, 2004; Joy & Haynes, 2011).   

4.2.6 Concluding remark 

In this section, the employee needs are discussed. Because the needs are generally 
formulated as features of the employees (‘the need for concentration’ instead of ‘the need for 
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a cell office’), it is easier to understand why some office concepts are more satisfactory than 
others. Thus, the office concept should, according to the P-E fit theory, match with these 
needs. The extent to which the office concepts meet these needs can clarify differences in 
satisfaction with those office concepts. The most important and relevant needs are therefore:  

 Climate comfort (temperature, air quality) 
 Visual comfort (lighting) 
 Concentration 
 Communication 
 Proximity of coworkers 
 Space needs 
 Storage space needs 
 Ergonomics 
 Privacy 
 Social interaction 
 Personalization 
 Status expression 
 Relaxation 
 Aesthetics 
 Control over climate comfort 
 Autonomy 

Control is reduced to merely control over climate comfort, because the other aspects of 
control actually concern privacy, ergonomics, or personalization. Moreover, autonomy is 
considered to be a distinctive need. On the other hand, territoriality is combined with 
personalization. Nature is omitted because it is too little related to office concept; greenery 
can be situated in every office, regardless of the concept. Additionally, its decorative 
function is captured in aesthetics. In the next section, the possible causes for individual 
differences in needs are discussed.  

4.3 Personal differences in needs 

In this section, possible differences in needs due to personal differences are discussed. It has 
become clear that most needs are a direct result of the conducted activities, in particular the 
work-related needs. That is, the need for concentration depends on whether the work 
requires concentration. The overall importance of these needs may depend on the extent to 
which these activities are conducted, the work patterns. Additionally, other aspects may 
influence the importance of these needs. Rothe et al. (2011) indeed includes work patterns, 
but also mobility, gender, and age as the main determinants for these differences in 
importance. Oseland (2009) also adds personality as an important determinant for needs. As 
discussed above, mobility usually affects the work patterns at the office, thus clearly having 
relevance. Age, personality and gender, on the other hand, might physiologically and 
psychologically influence the desired conditions for conducting the work. Psychological 
needs also seem to be a result of gender, personality and age, as discussed in this section. 
The goal of this section is not to conduct an extensive literature study to find support for 
every possible relationship. Rather, it aims to establish whether there could be differences, 
by providing support for some of these relationships and by logical reasoning.  

4.3.1 Differences due to work pattern 

It is quite obvious that some needs, as well as their importance, are directly caused by the 
activities. These activities are addressed in section 4.1.1. For example, the need for 
concentration should obviously be higher for employees that conduct more concentration 
work. Various studies include task complexity in order to assess the need for privacy (e.g. 
Maher & Von Hippel, 2005; Sundstrom, Burt, & Kamp, 1980; Oldham, Kulik, & Stepina, 1991). 
Bell et al. (2001c) claim that task complexity lowers the tolerance for noise. As a result, task 
comlexity might result in dissatisfaction in open-plan offices (Maher & Von Hippel, 2005), 
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because the need for privacy and concentration is not supported in these offices. Maher & 
Von Hippel (2005), Oldham, Kulik & Stepina (1991) and Fried (1990) also include 
interpersonal distances and density in their studies, indicating that space needs might also 
be effected. That is, more space per employee increases privacy and decreases noise. Rothe 
et al. (2011) also found that concentration and privacy are more important for employees 
who spent more time working individuallly, though this finding was not significant. On the 
other hand, Rothe et al. (2011) found that people who work less individually put higher 
importance on collaboration. Thus, the need for communication is also a logical result of the 
work pattern.  

Climate comfort seems to be important for all employees, regardless of their work patterns 
(Rothe, et al., 2011). It is reasonable that the need for climate comfort is not determined by 
activities. Similarly, it is not expected that work patterns affect psychological needs such as 
personalization and status expression. Regarding relaxation and ergonomics, no evidence 
has been found either. On the other hand, Rothe et al. (2011) did find that aesthetics is more 
important for people who frequently collaborate, but also note that this finding was rather 
unexpected. Thus, in particular the needs for concentration, privacy, communication and 
social interaction, and space seem to be affected by work patterns.  

4.3.2 Differences due to mobility 

 As discussed above, the needs of the mobile workers may differ. That is, mobile workers still 
need to come to the office to collaborate, and want to come to the office for social reasons, 
while concentration work can be conducted at home (CBRE, 2011; Venezia & Allee, 2007). 
Rothe et al. (2011) comfirmed the direction of this relationship, but this finding was not 
significant. Rothe et al. (2011) also tested the effect of external mobility on the need for 
concentration, but this effect was not significant either. This weakens the notion that mobile 
employees 

Some other needs might be more important for less mobile employees, simply because they 
are present at the office more often. Possibly, the need for personalization, status expession, 
space, ergonomics, climate comfort and aesthetics is higher for less mobile employees. 
Rothe et al. (2011) only found support for a higher need for aesthetics and control over 
climate comfort among the least mobile employees, which is expected. People who spent 
more time at the office, want to feel comfortable and pleasant in the office. Lastly, it is 
assumable that mobile workers need more autonomy, but no evidence is found for this 
assumption. Thus, mobility might have some influence on the importance of needs, 
regarding privacy, concentration, social interaction, communication, indoor climate, and 
aesthetics.  

4.3.3 Gender differences 

Some needs also demonstrate differences between male and female employees. One clear 
difference concerns climate comfort. Research consistently shows that females – both in 
general and in work environment – are generally more dissatisfied with the indoor climate 
and thermal comfort, indicating that indoor climate is more important for female employees 
(e.g. Choi, Aziz, & Loftness, 2010; Karjalainen, 2007+2012). Karjalainen (2007) concluded that 
females not only feel too cold more frequently, but also too warm. Thus, indoor climate 
seems to be a larger dissatisfier for female employees, which makes it more important for 
them. Rothe et al. (2011) indeed found that control over indoor climate is more important for 
women.  

Another clear difference concerns personalization. Female employees tend to attach more 
importance to personalization per se, whereas status expression is perceived as more 
important by male employees (Dinç, 2009). Brunia & Hartjes-Gosselink (2009) also indicated 
that particularly male employees want to visualize their status. Rothe et al. (2011) found that 
possibility to have influence on the work environment and furniture is more important for 
women. This could possibly also indicate differences regarding ergonomics.  
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Regarding other needs, no support for gender differences is found. For example, Rothe et al. 
(2011) only found minor and insignificant differences regarding privacy, concentration, and 
collaboration. El-Zeiny (2012) also only found minor differences between male and female 
employees. Dinç (2009) also argued that gender differences might not be that large, 
although some differences are clear. These differences thus concern climate comfort, 
personalization, and status expression.   

4.3.4 Differences due to personality 

According to Oseland (2009), the influence of personality on needs is important to consider. 
The difference between introverts and extraverts, for example, might influence the need for 
social interaction and privacy (Oseland, 2009). However, personality is more complex than 
merely this distinction. It is therefore necessary to firstly explore what personality is. Hartog 
(2015) reviewed the various approaches of personality and concluded that the ‘Big Five’ is the 
most adequate and empirically supported approach. The Big Five encompasses five 
personality traits: extraversion, agreeableness, conscientiousness, emotional stability (or 
neuroticism), and openness (Hartog, 2015; Bozionelos, 2003). These five distinct traits 
roughly cover the personality of people. Extraversion concerns whether people are sociable 
and assertive, while agreeableness concerns whether people are friendly. Both are relevant 
regarding interpersonal behavior (Hartog, 2015). Conscientiousness is more task-related, 
concerning whether people are organized. Emotional stability is related to the feelings of the 
person, such as anxiety. Lastly, openness encompasses creativity, exploration and the range 
of interests (Hartog, 2015; Bozionelos, 2003). 

Various studies have demonstrated the relevance for these five traits in the workplace 
(Barrick & Mount, 2005). For example, Bozionelos (2013) found that agreeableness, 
extraversion and openness were contributory for work involvement. Moreover, Matzler et al. 
(2007) indicated that agreeableness, conscientiousness and openness are beneficial for 
knowledge sharing. Similarly, extraversion is generally associated with more communication 
(Oseland, 2009). Besides these direct effects on behavior and performance, it is also 
assumable that these personality traits influence or even determine some needs. Oseland 
(2009) argues that extraverts value communication and collaboration, while introverts prefer 
to work more concentrated and have a higher need for privacy. Similarly, Ashton, Lee and 
Paunonen (2002) found that extraverts value social attention, which obviously is related to 
social interaction. Thus, extraversion seems to be particularly important for the need for 
(control over) communication. Furthermore, Wells & Thelen (2002) indicated that 
personality – though indirectly – can affect the need for personalization. In particular, 
extraversion and openness seem to affect the extent of personalization (Wells & Thelen, 
2002). For relationships between other needs and personality, no literature has been found.  

4.3.5 Age differences 

In section 4.1.3, the different generations in the workforce are addressed. Although 
generational differences might result in differences in needs, it is more adequate to focus on 
age (Rothe, et al., 2012). This approach is somewhat broader, and also covers differences in 
life course and physical deterioration, for example. Therefore, the difficulty in assessing 
generational differences is avoided (see section 4.1.3). Nevertheless, generational differences 
might also explain age differences, so the following discussion still partly refers to the 
different generations as well. Age seems to be a relevant variable regarding multiple needs 
and more literature was available on this subject. Rothe et al. (2011) also found that age 
affected more different needs than the other three variables in their study.  

Needs that are more important for older employees 

Several needs have been shown to be more important for older employees. These needs are 
concentration, privacy, status expression, and (control over) climate comfort. These 
differences are partly due to ageing, and partly due to generation. Erlich & Bichard (2008) 
and Haynes (2011) indicated that older employees may experience some physical detoriation. 
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Their loss in hearing ability can result in less tolerance for noise (Haynes, 2011). Similarly, 
Maher & Von Hippel (2005) indicated that inhibitory ability is lower in older people. 
Although Rothe et al (2011+2012) did not find significant age differences in concentration, 
other studies do provide support. Earle (2003) addressed that Baby Boomers prefer quiet 
work environments and cell offices for concentration, while Generation X and Generation Y 
prefer more open and hectic environments (Earle, 2003). Similarly, Joy & Haynes (2011) also 
found, in an activity-based setting, that Baby Boomers chose quiet rooms for concentration 
work, while the other generations chose open environments. Baby Boomers generally prefer 
a private office (Bennett, Pitt, & Price, 2012; Joy & Haynes, 2011), which is also contributory 
for privacy. Rothe et al. (2011+2012) found that privacy was somewhat more important for 
older employees, although this finding was not significant. Joy & Haynes (2011) also found 
that Baby Boomers and Generation X value privacy regarding formal communication, and 
therefore choose meeting rooms for this activity. Generation Y, on the other hand, prefers 
informal areas for formal communication (Joy & Haynes, 2011). Thus, privacy seems to be 
more important for older employees. Additionally, a private office is preferred because of the 
possibility to express status. Baby Boomers value hierarchy, and want their achieved status 
to be expressed. They are also simply used to this idea, as it has been convention since they 
have entered the workforce (Hills & Levy, 2014). Generation X and Generation Y, on the 
other hand, do not support hierarchy (Earle, 2003). Lyons & Kuron (2013) also indicated that 
older generations prefer intrinsic rewards, of which status is an example, while younger 
generations prefer extrinsic rewards (e.g. a higher income). Furthermore, the need for space 
could be higher, because it is associated with status and privacy. Additionally, Erlich & 
Bichard (2008) did find that older employees still prefer to work with paper besides working 
with computers, and therefore need larger desks, but hard evidence is lacking. Lastly, the 
preferences for private offices might be due to control over climate comfort. Indeed, Rothe 
et al. (2011+2012) found that control over indoor climate is more important for older 
employees. Moreover, climate comfort itself might be more important for older employees, 
due to the physical deterioration. For example, lighting is more important for older people 
because of detoriation in vision (Haynes, 2011; Erlich & Bichard, 2008). El-Zeiny (2012) also 
found temperature to be of high importance for Baby Boomers.  

Needs that are more important for younger employees 

On the other hand, other needs seem to be more important for younger employees. These 
needs concern communication and collaboration (work-related) and social interaction 
(psychological). Rothe et al. (2011+2012) found that collaboration is significantly more 
important for employees born in the 1980s, thus Generation Y. Generation Y is also generally 
described as team players (e.g. Lyons & Kuron, 2013; Bennett, Pitt, & Price, 2012; Joy & 
Haynes, 2011). Lyons & Kuron (2013) add that the younger generations are becoming more 
extravert. As discussed before, extraverts value communication more in the workplace 
(Oseland, 2009). Nevertheless, work-related communication might also be important for 
older employees, simply because this need largely depends on the job. Regarding the 
proximity of coworkers, Joy & Haynes (2011) also found age differences. Baby Boomers prefer 
team members in their close proximity, while Generation Y prefers to be surrounded by 
coworkers from various other disciplines, so that they can learn from them (Joy & Haynes, 
2011).  Lastly, autonomy might be slightly more important for younger generations (Lyons & 
Kuron, 2013; Bennett, Pitt, & Price; 2012). In particular, autonomy associated with flexible 
work times can be beneficial for younger employees to combine work with education and 
training or family life (Kossek, Kalliath, & Kalliath, 2012). 

Inconsistent and unclear relationships 

For other needs, the support for age differences is inconsistent or unclear: ergonomics, 
personalization, relaxation, and aesthetics. Regarding aesthetics and relaxation, no support 
has been found. Regarding ergonomics and personalization, some weak indications are 
found in various studies. Ergonomics seems to be important for everyone. Although it is 
assumable that ergonomics might be more important for older people due to some physical 
degradation (Erlich & Bichard, 2008; Haynes, 2011), El-Zeiny found that furniture is slightly 
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more important for younger employees. For age differences in the need for personalization, 
no hard evidence is found either. Personalization is thought to be more important for 
Generation X (Bennett, Pitt, & Price, 2012) and Generation Y (Haynes, 2011). Similarly, Rothe 
et al. (2011+2012) found that having influence on the work environment was somewhat more 
important for younger generations, but this difference was not significant.  

4.3.6 Other personal characteristics 

There are numerous other personal characteristics, of which – to the best of the author’s 
knowledge – no effects on needs in the physical work environment have been studied. That 
is, it is also not expected that these personal characteristics are relevant. However, they 
might be relevant for satisfaction, because several characteristics are often included in 
satisfaction research. Gender and age are generally added in satisfaction research as 
covariates, because of their possible direct effects on satisfaction (e.g. Kim & de Dear, 2013; 
Lee & Brand, 2005; Veitch, et al., 2007; Van Susante, 2014; Bodin-Danielsson & Bodin, 2008; 
Maher & Von Hippel, 2005; De Been & Beijer, 2014; Oldham, Kulik, & Stepina, 1991). Other 
variables that are often included in satisfaction research are: 

 Educational level (e.g. Veitch, et al., 2007; Maher & Von Hippel, 2005; De Been & 
Beijer, 2014; Oldham, Kulik, & Stepina, 1991; Batenburg & Van der Voordt, 2008) 

  Job type, department, or line of business (e.g. Kim & de Dear, 2013; Lee & Brand, 
2005; Veitch, et al., 2007; Van Susante, 2014; Bodin-Danielsson & Bodin, 2008; 
Oldham, Kulik, & Stepina, 1991; Houben, 2015).  

  job rank (e.g. Van Susante, 2014; Maher & Von Hippel, 2005; Oldham, Kulik, & 
Stepina, 1991; Houben, 2015)  

 Tenure, or years with the organization (e.g. Van Susante, 2014; Maher & Von Hippel, 
2015; Oldham, Kulik, & Stepina, 1991; Houben, 2015)   

Tenure, job rank, and educational level are therefore also included in this study as 
covariates. Job type is not included; in this study, the activities are included, similar to the 
study of De Been & Beijer (2014), which is considered to be more adequate than job type.  

Table 2: Possible effects on personal characteristics on the importance of needs. The table shows whether 
there is strong support (++), limited support (+) or no, unclear, or inconsistent support (-) for these effects. 

 
 
Needs 

Support for effect of personal characteristic on importance 

Work 
pattern 

Mobility Gender Personality Age 

Climate comfort - + ++ - ++ 

Visual comfort - - - - + 

Aesthetics - + - - - 

Concentration ++ + - ++ ++ 
Communication ++ + - ++ + 
Proximity of coworkers ++ + - + + 
Space + - - - + 
Ergonomics - - - - - 
Storage space + - - - + 
Privacy ++ + - ++ ++ 
Social interaction + + - ++ ++ 
Personalization - - ++ + - 
Status expression - - ++ - ++ 
Relaxation - - - - - 
Autonomy - - - - + 

4.3.7 Concluding remark 

In this section, the possible differences in needs due to personal differences are discussed. 
Work patterns, mobility, personality, gender, and age clearly influence the importance of 
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several needs. For various relationships, support has been found in the existing literature. 
This is shown in Table 3. As can be seen, for some relationships the support is considered to 
be strong, and for other relationships the support is only considered to be limited. 
Furthermore, a large majority of the relationships is unclear. That is, no literature is found 
on these relationships, or the existing literature provides rejecting or inconsistent results. As 
mentioned above, it was not aimed to assess every possible relationship. Most importantly, 
Table 3 shows that all five personal characteristics influence one or more needs, and that all 
needs are influenced by one or more personal characteristics (except for relaxation). 
Therefore, the considered personal characteristics and needs are all relevant for this study.  

4.4 Conclusion 

A major aim of this thesis is to elucidate the effects of personal characteristics and needs on 
satisfaction. In this chapter, these relevant characteristics of the user side – the employee – 
are discussed. The needs of the employee are inventoried, as well as the personal 
characteristics that influence these needs and consequently satisfaction. Most of these needs 
are affected differently by different office concepts, making them relevant for this study. 
That is, different office concept may violate or satisfy these needs in different ways. The 
importance of these needs may be influenced by personal characteristics. Therefore, it is 
assumable that the match between the employee and the work environment (P-E fit) is 
perceived differently, leading to differences in satisfaction with different work environments. 

This chapter thus provides the answer to research question 3: a holistic overview of the 
needs, and the personal characteristics and activities that might affect these needs.  In 
Figure 19, these relevant personal characteristics, activities, and needs are added to the 
preliminary conceptual model. The needs are not only directly included, but are also 
included as satisfaction scores (see Chapter 3). That is, the satisfaction with the support of 
these needs is assessed, as a predictor for overall satisfaction with the work environment. 
With these additions, all concepts within the conceptual model are elaborated, thus ending 
the literature study phase. In the next chapter, the definitive conceptual model is 
established, and the research approach is described, which is the start of the next phase: the 
field research.   
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Figure 19: Preliminary conceptual model extended with the variables that are related to the person 
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5. Research approach 
Chapters 2, 3 and 4 concerned the literature study, providing the answers to research questions 
1,2 and 3 respectively. These chapters provided the relevant office concepts, workspaces, needs, 
personal characteristics and activities. Based on these chapters, the conceptual model is 
elaborated. However, the main aim of this thesis is to assess the combined effects of these 
variables on satisfaction. As mentioned in the introduction, field research needs to be 
conducted in order to answer the remaining research questions, which focus on the effects of 
these variables on satisfaction and on each other. In this chapter, the research approach for 
the field research is discussed. First, the definitive conceptual model is presented in section 5.1, 
which proceeds from the findings of the literature study. Subsequently, the data collection is 
discussed in section 5.2, which includes the operationalization and the development and 
distribution of the survey. Lastly, the statistical methods that are used to analyze the data in 
this study are described in section 5.3.   

5.1 Final conceptual model 

5.1.1 Résumé    

Numerous studies have addressed the relationship between the work environment and the 
employee, and have shown that satisfaction is a result of elements of both the work 
environment and the employee. The previous chapters demonstrate that many studies have 
provided evidence and support for this interrelationship between the work environment and 
the user. Nevertheless, new work environments have arisen, known as the activity-based 
office concept. On the other hand, the wide variety in employees has been acknowledged. 
This variety in work activities and personal characteristics can result in differences in needs 
and choice behavior in the workplace, and thus indirectly affect satisfaction with different 
work environments. Most studies only focus on single, bivariate relationships, such as the 
relationship between personal characteristics and needs, or the relationship between office 
concepts and satisfaction. In this study, a holistic approach is adopted. 

5.1.2 Definitive conceptual model 

The preliminary conceptual model presented in Chapter 1 has been elaborated with the 
insights from the literature study, discussed in Chapter 2, 3 and 4. The structure of the 
preliminary model has not changed. In fact, the theory discussed in Chapter 3 endorsed this 
model. That is, the model is clearly in line with the P-E fit theory, suggesting that 
satisfaction is a function of both personal characteristics and the environment (i.e. office 
concept). The model also contains interactions between these two sides. The needs are 
characteristics of the employee, but they might be influenced by the environment (see 5.1.3). 
Conversely, the workspaces are attributes of the work environment, but the employee can 
have influence on the environment through which workspaces they use. Thus, satisfaction is 
a result of the employee, the work environment, and the interaction between these two. 
Chapter 2 and 4 provided the input for the separate concepts in the model. That is, in 
Chapter 2 the relevant office concepts and workspaces that need to be included are 
inventoried, and in Chapter 4 the relevant activities, needs, and personal characteristics are 
evaluated. Thus, every chapter has contributed to the formation of the definitive conceptual 
model. This model is presented in Figure 20. In the next section, the underlying hypotheses 
are discussed. 
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Figure 20: Definitive conceptual model 
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5.1.3 Hypotheses 

For each relationship in the model, a hypothesis can be formulated. However, the number of 
relationships is quite extensive. For example, between the concept ‘personal characteristics 
and activity patterns’ and the concept ‘needs’, there are possibly up to 204 relationships

5
. It 

is not aimed to clarify all these possible relationships. Rather, the hypotheses are formulated 
to elucidate the conceptual model. Thus, in order to keep the hypotheses limited, concise 
and clear, they will be formulated on a rather high aggregation level. That is, the hypotheses 
represent the arrows in the model presented in Figure 20. The hypotheses are discussed in 
groups, based on the concept that is predicted. 

Factors that affect needs 

Chapter 4 addressed that the needs of employees depend on their activities, and that 
personal differences might influence the importance of those needs. In particular, the work-
related needs are assumed to depend on the activity pattern of the employee. For example, 
the need for concentration is assumed to be higher for employees who conduct more 
individual and concentrated work. This leads to the following hypothesis: 

H1:  The activity patterns of the employee determine the importance of employee 
needs  

Additionally, the (importance of) needs might depend on personal characteristics, such as 
mobility, age, gender, and personality (see section 4.3). For example, mobile employees may 
have a higher need for communication (Venezia & Allee, 2007), indoor climate might be 
more important for female employees (Karjalainen, 2007), and extraverts value 
communication to a larger extent (Oseland, 2009). Furthermore, age seems to affect the 
importance of several psychological needs, such as privacy and status expression. This leads 
to the following hypothesis: 

H2:  Personal characteristics of employees influence the importance of employee 
needs 

Although needs are characteristics of the employees, they may also be influenced by the 
office concept. That is, the awareness of a need might increase when it is unmet. This 
assumption is in line with Heijs (2003), who states that users of buildings generally do not 
think in terms of needs, unless they are not met and cause problems. Thus, a misfit might 
increase the importance or the awareness of a need. Thus, the need for concentration may 
be perceived higher in open office environments, and the awareness of the need for 
personalization may be higher in non-territorial offices. On the other hand, it is also 
assumable that employees learn to cope with the unmet need, and adapts to this situation 
(see section 3.1.1). Then, the importance of that need might also decrease. Thus, both 
assumptions might be possible, leading to the following hypothesis: 

H3:  The office concept influences the (perceived) importance of employee needs 

Factors that determine workspace use  

The use of workspaces generally depends on the activity, particularly in activity-based offices 
(Groenen, 2010; Kleijn, 2011). Appel-Meulenbroek et al. (2015b) found support for this 
assumption. Joy & Haynes (2011) also demonstrate that, in an actity-based office, other 
workspaces are chosen for different activities, including concentration and communicative 
work. In conventional offices, the use of a workspace also depends on the activity, though 
perhaps to a lesser extent. Their internal mobility might be lower, but employees can usually 
also choose other workspaces, such as meeting rooms for meetings. Thus, the following 
hypothesis can be formulated: 

                                                           
5
 17 personal characteristics and activities  x  12 needs  
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H4:  The activity patterns of the employee determine the workspace use of 
employees 

However, the activity-based office concept is not always used optimally (see section 2.3.2; 
e.g. Appel-Meulenbroek, Groenen, & Janssen, 2011; Hoendervanger, et al., 2015). Thus, there 
seem to be other aspects that determine workspace use. Kleijn (2011) found that personal 
characteristics are important as well. For example, Joy & Haynes (2011) focused on age and 
found that different generations use other workspaces for specific activities. Kleijn (2011) also 
hypothesized that gender might affect workspace use in activity-based offices, but did not 
find support for this. In conventional offices, the workspace use might also depend on 
personal characteristics. That is, if cell offices are more frequently assigned to employees 
with a higher rank or age, the use of them is also more frequent for these employees. Thus, 
the following hypothesis is formulated: 

 H5:  Personal characteristics of employees influence the workspace use of employees 

It is also assumed that workspace use depends on the needs. For example, the use of 
concentration cells or silence rooms is probably based on the need for concentration. 
Nonetheless, the need for concentration is thought to be a result of the activity and personal 
characteristics, so it is questionable whether the indirect effects through needs are strong. 
The direct relationship between needs and workspace use, however, is likely, leading to the 
following hypothesis:  

 H6:  The employee needs influence the workspace use of employees 

Workspace use obviously depends on the office concept. That is, the workspaces need to be 
present and available in the work environment to be used. As has become clear in section 
2.3, the workspaces in activity-based offices generally differ from the workspaces in 
conventional offices. Furthermore, the workspace use is obviously assumed to be more 
diverse in activity-based offices. This leads to the following hypothesis: 

H7:  The office concept determines the workspace use of employees 

Factors that determine satisfaction (with the support of needs) 

Many studies have focused on the effect of office concept on satisfaction (see section 3.2.3). 
The study of De Been & Beijer (2014), for example, demonstrates that satisfaction with 
specific aspects significantly differs between different office concepts. This leads to the 
following hypothesis: 

 H8:  The office concept determines employee satisfaction with the support of needs 

Similarly, the workspace might affect employee satisfaction. The differences between office 
concepts might actually be due to the different workspaces. For example, Kim & de Dear 
(2013) focused specifically on workspaces in conventional offices (though still indirectly on 
office concept) and clearly found differences in satisfaction with various aspects of the work 
environment. In activity-based, the inadequate use of workspaces is also thought to be 
negative for satisfaction (Hoendervanger, et al., 2015). For example, it is likely that 
satisfaction with concentration increases when the use of cell offices and concentration cells 
is higher. Thus, the following hypothesis can be formed: 

H9:  The workspace use of the employees influences employee satisfaction with the 
support of needs 

Furthermore, satisfaction is influenced by personal factors, as mentioned before. Satisfaction 
is closely related to needs (Van der Voordt, 2004). To understand this relationship in this 
study, the study of Lee (2006) provides useful insights. Lee (2006) advocates that particularly 
a gap between expectation and perception determines satisfaction. Furthermore, when the 
work environment performs below expectation, this effect is larger (Lee, 2006). The needs in 
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this study can be seen as expectations. When the need – and thus the expectation – is 
higher, it is less easily satisfied (in the same work environment). Thus, it is assumable that a 
higher importance of a need results in less satisfaction with the support of that need. This is 
phrased in the following hypothesis: 

 H10:  The importance of the employee needs negatively affects employee satisfaction 
with the support of those needs 

The personal characteristics and activity patterns can affect satisfaction directly. They are 
generally included as confounders in satisfaction research (see section 4.3.6). For example, 
De Been & Beijer (2014) found significant relationships between satisfaction and age, gender, 
educational level and work patterns. Bodin-Danielsson & Bodin (2008) also found significant 
effects of confounders. Thus, the following hypotheses can be formulated: 

 H11:  Personal characteristics of employees influence employee satisfaction with the 
support of needs 

H12:  Activity patterns of employees influence and employee satisfaction with the 
support of needs 

Overall satisfaction with the work environment and perceived productivity 

The satisfaction with the support of needs contributes to overall satisfaction with the work 
environment, as shown by the studies of Veitch et al. (2007) and Kim & de Dear (2013). Thus, 
the following hypothesis can be formulated: 

H13:  Satisfaction with the support of needs positively affects overall satisfaction with 
the work environment 

Furthermore, as discussed in Chapter 3, there is a relationship between satisfaction with the 
work environment and perceived productivity (e.g. Lee & Brand, 2005), leading to the last 
hypothesis: 

H14:  Overall satisfaction with the work environment positively affects perceived 
productivity 

The conceptual model implies that the effects of office concept and personal characteristics 
on satisfaction are direct, but also indirect: 

 H15:  The effects of office concept, personal characteristics and activity-patterns on 
satisfaction with the work environment are partly mediated by needs and 
workspace use 

5.2 Data collection 

No existing data was available to test this conceptual model. Hence new data is collected in 
this study. Data is collected using an online survey. According to Baarda et al (2012), an 
online survey is a useful data collection method when the number of respondents should be 
high; the effort for the employee and the costs are low, which usually results in the 
possibility to reach a large number of respondents and a good response rate (Baarda, et al., 
2012). The responents of this survey are office workers, which is also the unit of analysis in 
this study. Thus, the sample consists of not only knowledge workers, but also clerical 
workers. The perceptions of all office workers are namely relevant for this study. 
Furthermore, if this study would only include knowledge workers, the selection would be 
more difficult because it is hard to clearly define what a knowledge worker is, and the 
sample would be smaller.  
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In order to collect the right data, the concepts in the conceptual model should be 
operationalized. This process concerns the transition of the concepts into measures.  
Operationalization is therefore an essential part, particularly regarding the internal validity 
(Baarda, et al., 2012). Most aspects can be directly asked, but other aspects are so-called 
factors or constructs; that is, they are complex –thus  containing more dimensions -  and 
abstract – thus needing indicators (Baarda, et al., 2012). These need extra attention. The 
operationalization of the concepts and constructs is discussed next. 

5.2.1 Operationalization and measures 

In this section, the various concepts in the conceptual model are operationalized. Some of 
these concepts need more elaboration than others, because they are constructs. 

Office concept 

Office concepts are hard to ask the respondents, because most office workers are not aware 
of the various existing office concepts. Therefore, office concept is not asked in the 
questionnaire. The contact person of the organizations is asked to define the office concept. 
Thus, this is the office concept on the level of the whole building or organization. Because 
some offices might have a mixture of offices (e.g. cell offices and team offices), the own 
workspace of the respondents is asked. In particular for conventional offices, the own 
workspace is an indicator for the specific office concept. That is, cell offices are individual or 
shared by up to three employees, while workspaces for four or more employees can be 
considered as open plans (De Been & Beijer, 2014; Bodin-Danielsson & Bodin, 2008). Open-
plan offices that are suitable for four to nine employees can be considered as a team office 
(see section 2.2.2). However, because these indicators are not completely correct and 
reliable, they are largely not used to define office concept (see section 6.3). 

Table 3: Operationalization of office concept 

Variable/Concept Indicators Level of 
measurement 

Items 

Office Concept Workspace of 
employee 

Nominal Multiple choice (5): 
1= Own cell office; 
2 = Shared cell office; 
3 = Open space for 4-9 
employees; 
4= Open space for 10 or 
more employees; 
5= No own, assigned 
workspace 

Work pattern: activities 

For work patterns – which concerns a complex construct – the various activities and the 
time spent on them are considered. For this, the activities given by Vos & Van der Voordt 
(2001) are used: desk work, formal communication, informal communication, telephoning, 
filing, and other activities. A slight alteration in this study is that a distinction is made 
between individual work that requires concentration and individual work that does not 
require concentration (rather than desk work and filing). These activities are on a rather 
high aggregation level, but it is necessary to keep these activities concise for the respondent. 
If the activities were more detailed and thus more in number, the estimation of the 
percentage of time per activity would be harder, thus increasing the chance for errors. Five 
activities are easy to asses for the employee, thus being more reliable. Table 5 provides the 
operationalization of the concept ‘work pattern’. For each activity, the hours spent on them 
are asked, given that the sum of these hours should equal the total working hours present at 
the office.   
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Table 4: Operationalization of work patterns 

Variable/Concept Indicators Level of 
measurement 

Items 

Work pattern Time spent on individual 
work, concentration  

Ratio Open question 
(integer) 

Time spent on individual 
work, no concentration  

Ratio Open question 
(integer) 

Time spent on formal 
communication 

Ratio Open question 
(integer) 

Time spent on informal 
communication 

Ratio Open question 
(integer) 

Time spent on telephone 
calls 

Ratio Open question 
(integer) 

Other activities Ratio Open question 
(integer) 

 
Table 5: Operationalization of personal characteristics 

Variable/Concept Abstract: indicators Level of 
measurement 

Items 

Gender  Nominal Multiple choice(2): 
1= male, 2= female  

Age (Year of birth)  Ratio Open question 
(integer) 

Educational level  Ordinal Multiple choice (5): 
1= primary; 
2= secondary; 
3= vocational;  
4= undergraduate; 
5= postgraduate 

Job rank  Nominal Multiple choice (4): 
1= intern; 
2= supporting staff; 
3= regular employee; 
4= manager; 
5= board member; 
6= other 

Working hours  Ratio Open question 
(integer) 

Mobility % present at the office 
(hours present at the office 
/ total working hours) 

Ratio Open question 
(integer) 

Personal and demographic characteristics 

Most personal and demographic characteristics can be asked directly. For gender, a multiple 
choice question with the answers ‘male’ and ‘female’ suffices. Age can be asked by asking the 
year of birth. The number of years that the employee works for the organization can also be 
directly asked, using an open question. Educational level and job status are somewhat less 
straightforward, and various other studies show different operationalizations (Van Susante, 
2014; Hartog, 2015; Groenen, 2010; De Been & Beijer, 2014; Batenburg & Van der Voordt, 
2008). For educational level, the operationalization of Hartog (2015) is used, which is also 
used by Batenburg & Van der Voordt (2008) and De Been & Beijer (2014). This concerns a 
multiple choice question with five options, ranging from ‘primary’ to ‘postgraduate’ (see 
Table 6). For job rank, Hartog (2015) also provides a useful operationalization, with four 
options in a multiple choice question (supporting staff, regular employee, manager, and 
board member). In this study, ‘intern’ is added, because this function is quite different from 
these four options, particularly regarding the rank. Furthermore, the option ‘other’ is added.  
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Mobility is somewhat more abstract. However, Venezia & Allee (2007) provide a useful 
indicator for mobility, namely the time present at the office. This concerns external mobility, 
rather than internal mobility, which is more or less covered by the  use of different 
workspaces. Thus, mobility can be viewed as the percentage of the time that the employee is 
actually present at the office. To calculate this, the total working hours needs to be asked, as 
well as the hours present at the office. All these operationalizations are shown in Table 6. 

Personality 

Personality is a complex, abstract construct. In Chapter 4, various approaches of personality 
are discussed. The Big Five is assumed to be the best approach (Hartog, 2015), which 
encompasses agreeableness, extraversion, conscientiousness, emotional stability, and 
openness to experience. To assess these five different traits, different measures have been 
developed. This has also led to some concise measures, consisting of 5 of 10 questions, which 
are still adequate (Rammstedt & John, 2006; Gosling et al., 2003). One of these measures is 
the Ten-Item Personality Indicator (TIPI), which measures the five different personality 
traits with ten items, and only requires one minute. Larger measures are obviously more 
accurate, but this brief measure is sufficient, because personality is not the main subject in 
this study (Gosling et al., 2003). Hartog (2015), for example, also adopts the TIPI.  The TIPI 
uses a seven-point scale, so this is not altered in this survey. The operationalization of 
personality – according to the TIPI – is shown in Table 7. 

Table 6: Operationalization of personality 

Variable/ 
Concept 

Complex: 
Dimensions 

Abstract: Indicators L.O.M. Items 

Personality Agreeableness Critical, quarrelsome (R) Ordinal Scale (7): 
1= 
strongly 
disagree;  
7= 
strongly 
agree 

Sympathetic, warm Ordinal 
Extraversion Extraverted, enthusiastic Ordinal 

Reserved, quiet (R) Ordinal 
Conscientiousness Dependable, self-disciplined Ordinal 

Disorganized, careless (R) Ordinal 
Emotional 
stability 

Anxious, easily upset (R) Ordinal 
Calm, emotionally stable Ordinal 

Openness to 
experience 

Open to new experience, 
complex 

Ordinal 

Conventional, uncreative (R) Ordinal 

Needs 

In Chapter 4, the various needs are addressed. It is assumable that these needs are relevant 
for all employees, simply because they are needs and not preferences. Nevertheless, the 
importance of the needs might differ, so these differences should be assessed. Therefore, the 
needs are operationalized by asking their importance, per need. This approach is also 
adopted by Fleming (2005). There are also other approaches, such as merely asking whether 
aspects are important or not, making respondents come up with needs themselves, or 
ranking the needs (e.g. Van Susante, 2014; Batenburg & Van der Voordt, 2008; Maarleveld, 
Volker, & Van der Voordt, 2009). However, the needs are thoroughly inventoried in Chapter 
4, so it is best to let each respondent assess the importance for each need. All needs are 
addressed in the survey, but communition (work-related need) and social interaction 
(psychological need) are combined because of their resemblance, and refered to as 
communication. Table 8 provides the operationalization of all considered needs. For the 
assesment of the important of the needs, a five-point Likert scale is used, which is most 
common for ordinal measures (Baarda, et al., 2012).  
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Table 7: Operationalization of needs 

Variable/Concept Level of 
measurement 

Items 

Importance of concentration Ordinal Scale (5): 
1= very important; 
2= important; 
3= fairly important; 
4= fairly 
unimportant;  
5= not important at 
all 

Importance of privacy Ordinal 
Importance of communication Ordinal 
Importance of proximity of coworkers Ordinal 
Importance of ergonomics/comfort Ordinal 
Importance of (sufficient) space Ordinal 
Importance of storage space Ordinal 
Importance of climate comfort  Ordinal 
Importance of control over climate comfort Ordinal 
Importance of (day)light Ordinal 
Importance of personalization Ordinal 
Importance of status expression Ordinal 
Importance of relaxation Ordinal 
Importance of autonomy and freedom in 
choice 

Ordinal 

Importance of aesthetics Ordinal 
 
Table 8: Operationalization of workspace use 

 Variable/Concept Level of 
measurement 

Items 

Availability of fixed workspace in cell office Nominal Boolean (yes/no) 
Availability of fixed workspace in open space Nominal 
Availability of flexible workspace in open space Nominal 
Availability of flexible workspace in cell office Nominal 
Availability of concentration cells/silence rooms Nominal 
Availability of team/meeting table in open space Nominal 
Availability of enclosed meeting rooms Nominal 
Availability of other places/supporting facilities Nominal 
Time spent at fixed workspace in cell office  Ratio Open question 

(Integer) 
 

 

Time spent at fixed workspace in open space  Ratio 
Time spent at flexible workspace in open space  Ratio 
Time spent at team/meeting table in open space  Ratio 
Time spent at concentration cells/silence room Ratio 
Time spent at team/meeting table in open space Ratio 
Time spent at enclosed meeting rooms Ratio 
Time spent at other places/supporting facilities Ratio 

Workspace use 

In Chapter 2, the various workspaces that are usually present in offices (both activity-based 
and conventional) are inventoried, resulting in a list of eight distinct workspaces. Similar to 
the activities, the time spent at these workspaces is asked. This is actually the internal 
mobility (Groenen, 2010). It is quite difficult, however, to distribute the working hours over 
eight options, which might lead to a larger chance of wrong estimations. Nevertheless, not 
all workspaces are usually used by one employee, or not even available in the work 
environment. In activity-based offices, the fixed workspaces are irrelevant, and vice versa. 
Therefore, a supporting question is added, in which the respondent is asked to assess which 
workspaces are available to use in the work environment. This question is not related to the 
conceptual model, but it is helpful for the respondent to answer the question about the 
actual use of the workspace. Table 9 shows the operationalization of workspace use. 
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Table 9: Operationalization of satisfaction with support of needs 

Variable/Concept Level of 
measurement 

Items 

Satisfaction with possibility to concentrate Ordinal Scale (5): 
1= very satisfied; 
2= satisfied; 
3=neutral; 
4= dissatisfied;  
5= very 
dissatisfied 

Satisfaction with privacy Ordinal 
Satisfaction with communication Ordinal 
Satisfaction with proximity of coworkers Ordinal 
Satisfaction with furniture/ergonomics Ordinal 
Satisfaction with dimensions of workspace (space) Ordinal 
Satisfaction with storage space Ordinal 
Satisfaction with indoor climate Ordinal 
Satisfaction with control over indoor climate Ordinal 
Satisfaction with amount of lighting/daylight Ordinal 
Satisfaction with possibility to personalize Ordinal 
Satisfaction with possibility to express status Ordinal 
Satisfaction with possibility for relaxation Ordinal 
Satisfaction with autonomy and freedom in choice Ordinal 
Satisfaction with aesthetics Ordinal 

Satisfaction with support of needs 

Van der Voordt (2004) lists five main methods to measure satisfaction: measuring overall 
satisfaction, measuring satisfaction with specific aspects, asking the importance of specific 
aspects, asking for the most negative and most positive aspects, and – in case of change – 
comparing with the original situation (Van der Voordt, 2004). In this study, both overall 
satisfaction and satisfaction with specific aspects is asked. These specific aspects concern the 
needs. 

The satisfaction with support of the included needs can be asked directly. This is common, 
as it is done in various studies (e.g. Van Susante, 2014; Maarleveld, Volker, & Van der Voordt, 
2009; De Been & Beijer, 2014; Kim & de Dear, 2013; Veitch, et al., 2007). A five-point Likert 
scale is common, although Veitch et al. (2007) use a seven-point scale. Nonetheless, a five-
point scale seems sufficient, and is therefore also applied in this study. Table 10 shows the 
operationalization. Some aspects are formulated slightly different, because they now 
represent characteristics of the supply side. For example, an employee has the need for 
‘concentration’, but the work environment should provide ‘the possibility to concentrate’.  

Table 10: Operationalization of overall satisfaction and perceived productivity 

 
Variable/Concept 

Abstract: indicators Level of 
measurement 

Items 

Overall 
satisfaction with 
work environment 

 Ordinal Scale (5): 
1= very satisfied; 
2= satisfied; 
3=neutral; 
4= dissatisfied;  
5= very dissatisfied 

Perceived 
productivity 

Extent to which the work 
environment facilitates 
productivity 

Ordinal  Scale (5): 
1= very supporting; 
2= supporting; 
3= fairly supporting; 
4= not really 
supporting;  
5= not supporting at 
all 
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Overall satisfaction with the work environment and perceived productivity 

Similarly, overall satisfaction with the work environment is commonly asked directly (e.g. 
Kim & de Dear, 2013; Van der Voordt, 2004), but may also be assessed with more than one 
item (e.g. Lee & Brand, 2005; Veitch, et al., 2007). For the reliability, more items are better 
(Baarda, et al., 2012). Veitch et al. (2007) use two indicators; one assessed overall satisfaction 
with the work environment, and the other concerned perceived productivity. In this study, 
however, perceived productivity is assessed seperately, so measuring overall satisfaction 
directly with one item seems sufficient and reliable. In particular, because this question 
follows the assesment of the satisfaction with specific aspects, it is assumable that the 
respondents are sufficiently aware of their perception of the work environment. 

Actual productivity is hard to measure, particularly by using a questionnaire. Therefore, 
perceived productivity is measured. Various studies measure perceived productivity by 
asking to which extent the work environment facilitates or stimulates productivity (Van 
Susante, 2014; Batenburg & Van der Voordt, 2008; Van der Voordt, 2004; Sundstrom, Burt, & 
Kamp, 1980).  Oldham, Kulik & Stepina (1991) and Maher & Von Hippel (2005), on the other 
hand, use the judgement of the managers of the employees. Although this might be 
somewhat more objective, it is also more cumbersome and difficult, due to the anonimity. 
Therefore, the approach of the first studies suffices, taking into account that it is the 
productivity perceived by the employees themselves. The operationalization of overall 
satisfaction with the work environment and perceived productivity are shown in Table 11.  

5.2.2 Distribution of the questionnaire 

After the operationalization, various questions are formulated and combined into a 
questionnaire. The questionnaire is added in Appendix 2. The questionnaire is digitalized 
with a system developed by the unit Design & Decision Support Systems of Eindhoven 
University of Technology: Bergsystem.   

Table 11: Organizations in sample and response rate 

 Type of organization NewWoW Sample  Response [%] 
1 University of applied sciences No 43 13 30.2% 
2 Building installations  No 96 14 14.6% 
3 Housing association Yes 30 11 36.7% 
4 Housing association Yes 100 35 35.0% 
5 Housing association No 252 92 36.5% 
6 Consultancy (real estate) Yes 9 3 33.3% 
7 Consultancy (real estate) Yes 10 5 50.0% 
8 Consultancy (real estate) Yes 13 9 69.2% 
9 Consultancy (real estate) No 7 6 85.7% 
10 Construction/Consultancy Yes 136 43 31.6% 
11 Municipality No 96 28 29.2% 
12 Municipality Yes/No 100 16 16.0% 
13 Life sciences Yes 120 50 41.7% 
 Unknown  - 2 2  
 Total  1014 327 32.3% 

 
In the period from September 8

th
 to October 28

th
 2015, 21 organizations have been contacted 

to participate in this study. The selection of these organizations was partly based on the fact 
that acquaintances worked there. Other organizations were contacted because it was known 
that they had recently implemented the new ways of working, which might increase their 
willingness to cooperate. For the same reason, consultancy firms that focus on work 
environments have been contacted. It is obvious that this selection method is not fully 
random. Of these organizations, 13 accepted to distribute the questionnaire among (a 
selection of) its employees. An important reason for organizations to decide not to 
cooperate was that they had their own periodical surveys, and did not want this study to 
interfere. These organizations were particularly (larger) companies that had implemented 
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the NewWoW. On the other hand, two organizations had only recently implemented the 
activity-based office concept, and intended to actually use this study as a post-occupancy 
evaluation. The other participants were also interested in the results of the study. Table 12 
provides an overview of the organizations, showing the variety. Of two respondents, the 
organization where they work is know, because they did not answer this question correctly.  

Most questionnaires were taken in Dutch. Only one organization (13) had international 
employees as well, and requested for an additional English version. The questionnaire was 
taken between October 21

st
 and November 27

th
 2015. The contact persons (mostly a facility 

manager, or the acquaintance) within the organizations were contacted by e-mail. 
Subsequently, they sent the e-mail with the link to the questionnaire to the employees. Most 
contact persons also agreed to urge the employees to participate, and sent a reminder after a 
week. This has resulted in a satisfying response rate of 32.3%, concerning a total of 327 
respondents (see also Table 12). Thus, the sample is quite large and diverse. Nonetheless, it is 
necessary to consider the reliability and validity, as discussed in the next section. 

5.2.3 Reliability and validity 

The reliability and validity are essential, because they determine the quality and usefulness 
of the results to a large extent. Thus, the reliability, internal validity and external validity are 
discussed subsequently.   

Reliability 

Reliability concerns the presence of random error, which might sometimes be unavoidable 
(Baarda, et al., 2012). In a questionnaire, the answers of the respondents might be influenced 
by various aspects, such as their mood and concentration. A large part of the questionnaire 
consists of simple facts (e.g. gender, age), so the chance of errors is small. However, the 
questions regarding satisfaction use scales, so the answers might depend on the situation. 
This is also noticed by Hartog (2015). Nevertheless, because most research on satisfaction 
uses scales, this effect is assumed to be not severe. Furthermore, the percentages of the time 
spent on different activities and at different workspaces might be difficult to estimate 
precisely. Therefore, the number of activities is limited. For the workspaces, an extra, 
supporting question is added, which makes respondents firstly assess which workspaces are 
irrelevant. Nevertheless, some minor errors might still be reasonable. Using diaries or 
observation (e.g. Groenen, 2010) might be more reliable, but these methods are not chosen 
in this study. Overall, the questions in this questionnaire are not very difficult to answer, so 
it is expected that errors are limited. 

Internal validity 

The internal validity, concerning that this study measures what is supposed to be measured 
(Baarda, et al., 2012; Nooij, 1995), is ensured by an adequate operationalization. Most 
variables are quite straightforward, and can be asked directly. Other studies are checked to 
justify this choice. Because most variables in these studies are operationalized in the same 
manner, it is expected that they measure the concepts correctly. Only personality is quite 
complex, but the use of the Big Five approach has received much academic support, as well 
as the TIPI (Gosling et al., 2003; Hartog, 2015). On the other hand, workspace is not a 
foolproof indicator of office concept, in particular regarding the combi office. This 
shortcoming is bypassed by asking the contact persons of the organizations – which are 
generally the facility managers – which office concept is applied. Moreover, the conceptual 
model fits the research questions, thus the measured relationships are also expected to 
provide the correct answers. 

External validity 

The external validity concerns the representativeness and generalizability of the study 
(Baarda, et al., 2012). These two aspects are an issue in this study, because of the selective 
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sampling method. That is, the companies are all located in the southeast of the Netherlands, 
and the activity-based offices are overrepresented. On the other hand, the sample size is 
sufficiently large and a wide variety in organizations is included. Furthermore, various 
(personal) variables and covariates are included in this study, which is necessary for the 
external validity. Thus, the study provides useful insights, but the conclusions should be 
taken with caution. Chapter 6 concerns the descriptive statistics, and also covers the 
representativeness of the sample.  

5.3 Statistical analyses 

To analyze this complex model, which comprises both direct and indirect relationships, the 
method path analysis is chosen. In essence, this study is a correlation analysis; however, due 
to the presence of indirect relationships, regression analysis is less suitable. In fact, path 
analysis is based on multiple regression analysis, but suitable for more complex models 
(Howitt & Cramer, 2007; Nooij, 1995). Path analysis also measures the effect of independent 
variables on dependent variables through other, mediator variables (Edwards & Lambert, 
2007). As a result, path analysis measures how the combination of independent variables 
affects the dependent variable, by also examining the relationships between the independent 
variables (Howitt & Cramer, 2007). Path analysis is actually a variant on structural equation 
modelling, though using only measured or observed variables (Van ben Berg, 2012). Van den 
Berg (2012) and Perrée (2014) also used path analysis for a similar model with both direct and 
indirect effects, focusing on social travel and social satisfaction in neighborhoods, 
respectively. On the other hand, Veitch et al. (2007) used structural equation modelling to 
examine indirect effects (through unobserved factors) on satisfaction in work environments. 
Because all variables in the conceptual model are measured by questions in the 
questionnaire, path analysis is suitable for this study. For conducting the path analysis, 
LISREL is a suitable program (Jöreskog & Sörbom, 1996), and thus used in this study.  

In this study, the dependent variable is satisfaction with the work environment, which is 
predicted by a complex combination of independent variables: personal characteristics, 
activity patterns, office concept, needs, and workspace use. It is, however, important to 
consider a different division of the variables: a division between exogenous and endogenous 
variables (Nooij, 1995; Howard & Cramer, 2007). Exogenous variables are the true 
independent variables and are not affected by other variables (within the model). On the 
other hand, endogenous variables are affected by other variables within the model (Howitt & 
Cramer, 2007). Thus, the endogenous variables can depend on the exogenous variables and 
other endogenous variables (Van den Berg, 2012). The mediator variables (needs and 
workspace use) are therefore, per definition, endogenous variables. This distinction is 
important, because the underlying assumptions for the causal relations within the model 
should be logical (Howitt & Cramer, 2007). In this study, the exogenous variables are truly 
independent variables. The office concept and personal characteristics cannot depend on 
other variables in the model; they are just facts (such as age and gender). The activity 
patterns are also seen as exogenous variables, although it is generally assumed that office 
concept might affect activities, particularly (informal) communication. The relationship 
between office concept and activity patterns is, however, of less interest in this study. 
Moreover, it is assumable that needs and workspace use precede satisfaction. The sequence 
of the variables within the model is therefore thought to be correct. 

The number of variables cannot be too high in proportion to the number of respondents 
(Van den Berg, 2012). The conceptual model in this study comprises many variables. Thus, 
before conducting the path analysis, a thorough selection of the relevant variables should be 
made. In particular, the variables concerning the needs and satisfaction with the support of 
those needs are extensive. These variables can be reduced with factor analysis. Factor 
analysis is used to determine the (fewer) underlying dimensions of a larger set of measured 
variables, and thus summarizing the information of those variables into new (unmeasured) 
variables (Nooij, 1995; De Heus, van der Leeden, & Gazendam, 2006). Thus, in this study, 
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factor analysis can be used to determine whether there are underlying, even more concise, 
needs that determine the importance of the measured needs. Additionally, factor analysis is 
used for summarizing the satisfaction variables into fewer variables.  

Furthermore, some variables and relationship are omitted in the path analysis based on the 
results of bivariate analyses. That is, if these relationships are not significant in the bivariate 
analyses, they are thought to be less relevant for the path analysis. For the bivariate analysis, 
several methods are used, due to differences in level of measurement. Pearson correlations 
are conducted for the relation between ratio variables; t-tests and ANOVA are used for 
comparing groups; and Chi square tests are used to test the relationship between nominal 
and ordinal variables (De Heus, van der Leeden, & Gazendam, 2006) 

5.4 Conclusion 

In this study, the combined effect of office concept, personal characteristics, needs, and 
workspace use on satisfaction is assessed. For these effects, which are covered by research 
questions 4 to 9, field research is required. In this chapter, the research approach is 
described.  

The holistic approach adopted in this study leads to a rather complex model with many 
variables. These variables are generally easy to measure with a questionnaire, so this method 
of data collection is used. 13 organizations participated in this study by distributing the 
questionnaire among the employees. These organizations are not selected randomly, but 
mainly because acquaintances worked here. This has consequences for the generalizability 
of the results.  

For the analysis of a model of this complexity, path analysis is used. However, the amount of 
variables should be limited. Therefore, the data are prepared (Chapter 6) and bivariate 
analyses are conducted (Chapter 7) to select the relevant variables that should be included 
in the path analysis (Chapter 8). The field research is thus further discussed in the 
subsequent three chapters.  
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6. Data description 
The aim of this study is to assess the effects of office concept, personal characteristics, 
workspace use, and needs on satisfaction, using a holistic approach. No suitable data were 
available to test the complex model in this study, so new data are collected. In this chapter, the 
collected data are presented and described. Before the data description, the definitive sample is 
determined in section 6.1.  

6.1 The definitive sample 

As presented in section 5.2.2, 327 respondents of 13 knowledge-based organizations 
answered the questionnaire. The selection method was not random, having consequences 
for the generalizability of the sample. Thus, the results presented in this chapter should be 
interpreted with caution. Because the online questionnaires forced the respondent to answer 
all questions, all of them are completely answered. The first 29 respondents completed a 
version of the questionnaire without the questions regarding the importance of and the 
satisfaction with aesthetics. These cases are not deleted for this reason, though these cases 
have two missing values. However, some cases are deleted due to other reasons: 

 One case is deleted because the respondent answered the questionnaire for his own, 
one-man business. It is not known how this person received the questionnaire. It is 
likely that this person also works for one of the other organizations included in the 
sample, but it is unknown which organization. Additionally, the respondent 
answered that he was ‘very satisfied’ with all aspects, probably because it is his own 
business. Hence this case is deleted. 

 One case is deleted because the respondent did not enter the organization name, 
but the name of his department. Based on this department name, the organization 
could not be identified. Additionally, the respondent was not consistent regarding 
the workspaces, so it was not possible to determine the office concept of this case, 
hence this case was deleted. 

 One case is deleted because the respondent did not distribute any hours over work 
activities (question 6) and workspaces (question 9) (i.e. ‘o’ at every option). This is 
vital information, hence this case is deleted.  

 One case is deleted because all needs are considered ‘not important at all’. This is 
unlikely. Furthermore, the variety in needs is pivotal in this study, so this case is 
removed from the study. 

 One case is deleted because all needs are considered ‘very important’. This is not 
likely either; at least some variation in needs is expected, and important for this 
study. Thus, this case is removed for the same reason. 

Thus, eventually, 322 cases are included in this study. However, there are also other 
remarkable responses and minor mistakes. In particular, the distribution of hours over 
activities and workspaces is not always answered correctly. Furthermore, some respondents 
were not consistent regarding office concept and workspaces. These mistakes can easily be 
minimized with a proper data preparation and some recoding, so it is not necessary to delete 
these cases. The actions regarding data preparation and recoding are discussed in the 
subsequent sections, in which the data description is also presented.  

6.2 Personal characteristics and activity patterns 

In this section the personal characteristics and the activity patterns are discussed. These are 
the variables that concern the employee side of the conceptual model.  

6.2.1 Demographics and basic sample characteristics 

The demographics are not only important as explanatory variables, but they are also used to 
assess the representativeness of the sample (section 5.2.3). These variables are directly asked; 
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only year of birth should be recoded into age. Table 13 shows an overview of these data. The 
data are compared with the nationwide averages, provided by Statistics Netherlands (CBS, 
2015c), and to the results of two studies with a large sample of office workers (De Been & 
Beijer, 2014; Batenburg & Van der Voordt, 2008). 

Table 12: Descriptive statistics of the demographic variables 

Demographics This study Comparable studies Dutch working 
population 

Gender 
Male 
Female 

This study 
195 (60.6%) 
127 (39.4%) 

De Been & Beijer (2014) 
61.7% 
38.3% 

CBS (2015c) 
55% 
45% 

Age 
Average 
Standard deviation 
15-24 
25-34 
35-44 
45-54 
55+ 

This study 
44.3 

11 
10 (3.1%) 

53 (16.6%) 
101 (31.6%) 
78 (24.4%) 
78 (24.4%) 

 CBS (2015c) 
- 
- 

11% 
22% 
23% 
26% 
17% 

Educational level 
Primary 
Secondary 
Vocational 
Undergraduate 
Postgraduate  

This study 
2 (0.6%) 
9 (2.8%) 

81 (25.2%) 
154 (47.8%) 
76 (23.6%) 

De Been & Beijer (2014) 
0.4% 
10.5% 
18.6% 
29.7% 
39.5% 

CBS (2015c) 
20% 

 

43%  
 

37% 

Tenure  
(in years) 
Average 
Standard deviation 

This study 
 

11.4 
9.5 

 Batenburg & Van der 
Voordt (2008) 

11 
- 

 

Working hours  
(per week) 
Average 
Standard deviation 

This study 
 

35.1 
6.8 

Batenburg & Van der 
Voordt (2008) 

35 
- 

 

Gender 

Gender was asked using a closed question, for which answering was required. Thus, this 
question is answered correctly by all respondents, and no further recoding is necessary. 
Table 13 shows that there are more male employees within the sample. This is also true for 
the Dutch workforce in general. However, the proportion of male employees is relatively 
larger in this study. A one sample chi square test (conducted in SPSS) confirms that the 
number of male employees is significantly higher in this study (see Figure 21). However, the 
results of De Been & Beijer (2014) shows similar proportions regarding gender (see Table 13). 
Batenburg & Van der Voordt (2008) also found that 60% of their respondents were male. 
These two studies also focus on office work, and might therefore be more relevant. Perhaps, 
there are indeed more male office workers. Therefore, it is assumable that the gender 
distribution within this study is quite representative.  

 

Figure 21: Output of the nonparametric, one sample, Chi square test of gender. The expected frequencies 
are derived from the data of Statistic Netherlands (CBS, 2015c).   
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Age 

Two respondents answered their age instead of the year of birth. This is checked using the 
variable ‘tenure’ (years working for the organization), which showed a logical combination. 
Thus, these answers are included. One respondent, however, stated that his year of birth was 
2001, which is highly unlikely, particularly because the tenure is 8 years. Because the rest of 
the questionnaire seems to be seriously and adequately answered, the case is not removed, 
but the age is not included (missing value). Similarly, one respondent answered 1900, which 
is also unlikely; this case is also included, though with a missing value on age.  

The average age of the sample is 44.3, with a standard deviation of 11. As can be seen in 
Figure 22, age is not perfectly normally distributed. Further examination of the normal 
probability plot confirms this, and additionally, the Shapiro-Wilk test is significant. 
Nevertheless, the normal probability plot does roughly follow the straight line, so age is not 
recoded for the analyses. 

 

 

 

 

 

 
 

   

 

 

 

Nonetheless, age is recoded into age groups for this section only, in order to assess the 
representativeness (Table 13). The frequencies in this study are compared with the 
frequencies of the total Dutch working population, derived from Statistics Netherlands 
(CBS, 2015). As can be seen, the younger employees are underrepresented in this study. The 
age groups ‘55+’ and ‘35-44’, on the other hand, are overrepresented. A one sample chi 
square test (conducted in SPSS) indeed shows that these differences are significant (see 
Figure 23). Consequently, the representativeness of the age groups within this study is 
arguable.  

 

Figure 23: Output of the nonparametric, one sample, Chi square test of age groups. The expected 
frequencies are derived from the data of Statistic Netherlands (CBS, 2015c).   

Educational level and job rank  

Educational level is also useful to assess the representativeness. As can be seen in Table 13, 
the dispersion of educational level in this study differs widely from the overall working 
population (CBS, 2015c). This is not unexpected, because this study focuses on office work. It 
is assumable that higher educational levels are required for office work in general and 

Figure 22: Histogram (left) and normal probability plot (right) of the variable age  
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knowledge work in particular. This study is therefore by definition not representative for the 
entire Dutch workforce. Thus, it is not useful to compare these two sources. On the other 
hand, the results of De Been & Beijer (2014) are also included in Table 13. They also focus on 
office work, so their study is more useful and meaningful to compare with.  This comparison 
indicates that the groups ‘vocational’ and undergraduate’ are larger in this study, while the 
groups ‘secondary’ and ‘postgraduate’ are smaller.  

Educational level is recoded into ‘low’, ‘moderate’, and ‘high’. The new category ‘low’ is equal 
to ‘primary’, while ‘secondary’ and ‘vocational’ are combined into ‘moderate’, and 
‘undergraduate’ and ‘postgraduate’ are combined into ‘high’. This is largely in line with the 
definitions of Statistics Netherlands (CBS, 2015b). The frequencies regarding these new 
groups are shown in Table 14. The results of De Been & Beijer (2014) are also combined into 
these categories. These percentages are quite similar. It is logical that most respondents are 
highly educated, because mostly knowledge intensive organizations are included in the 
sample. The group with low education only consists of two respondents, which is not 
meaningful for the analyses. So, for the analyses, ‘low’ and ‘moderate’ are combined 
(resulting in two groups ‘low & moderate’ and ‘high’).  

Table 13: The dispersion of educational level in this study 

Educational level This study De Been & Beijer (2014) 
Low 2 (0.6%) 0.4% 
Moderate 90 (28.0%) 29.1% 
High 230 (71.4%) 69.2% 

 
Job rank is recoded into similar categories; the division between ‘low’, ‘moderate’ and ‘high’ 
is also used to categorize job rank. Table 15 shows the dispersion of job rank, both of the 
original categories and the recoded categories. Managers and board members are 
categorized under ‘high’, while interns and supporting staff are categorized under ‘low’. 
Regular employees are considered to those employees who are neither managers nor 
supporting staff. The option ‘other’ is therefore redundant, because these respondents are 
actually also regular employees, according to this categorization. As can be seen, most 
respondents are regular employees, which obviously is not surprising.  

Table 14: Dispersion of job ranks and recoding into new variables 

Original categories New categories, after recoding 
Intern 
Supporting staff 

8 (2.5%) 
24 (7.5%) 

Low 32 (9.9%) 

Regular employee 
Other 

232 (72.0%) 
26 (8.1%) 

Moderate 258 (80.1%) 

Manager 
Board member 

27 (8.4%) 
5 (1.6%) 

High 32 (9.9%) 

Tenure 

The average tenure in this study is 11.4 years (see Table 13). Batenburg & Van der Voordt 
(2008) also focused on office work and found a similar tenure of 11 years, indicating that the 
representativeness of the sample in this study regarding tenure is good.  

Tenure is, however, not normally distributed, as shown in Figure 24. The distribution is 
positively skewed. This is quite likely, because it is quite assumable that there are relatively 
less employees who have been working many years for the same organization. Based on the 
shape of the distribution, it could be argued that the (natural) logarithm of the variable 
could be normally distributed. However, this is not true either. Because the variable is not 
very oddly distributed, it is not recoded.   
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Figure 24: Distribution of tenure in this study 

Working hours and external mobility 

The average of ‘working hours per week’ is 35.1 hours. This result implies that on average the 
sample largely comprises employees that work on a fulltime basis. Batenburg & Van der 
Voordt (2008) also found an average of 35 hours, so this is also supportive for the 
representativeness of this study. The variable ‘working hours’, however, is not used directly 
in the analyses. The working hours are used to calculate the external mobility. In addition, 
the hours that the respondents are actually present at the work environment is asked.  This 
variable has an average of 28.1 (with a standard deviation of 9.2), which is obviously lower. It 
is important to know the ratio between these two per respondent. Consequently, a new 
variable is created, by dividing the hours present at the work location by the total working 
hours. Thus, the new variable concerns the percentage of the total working hours spent at 
the work location. This is actually the opposite of external mobility, so this value is 
subtracted from 1 (100%) in order to create the variable ‘external mobility’. The new values 
should range from 0% (no external mobility, always present) to 100% (full external mobility, 
always away). For seven respondents, this new value is slightly negative, which is unexpected 
and hard to interpret

6
. For these respondents, the values are simply set to 0% (no mobility). 

 

Figure 25: distribution of external mobility 

Figure 25 shows the distribution of the newly created variable. As can be seen, this variable 
is not normally distributed, and highly skewed to the left. That is, a large proportion of the 

                                                           
6
 Their answer regarding the hours that they are present exceeds the answer regarding their 

working hours 
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sample has no external mobility, and is generally always present at the work location. On the 
other hand, there are a considerable number of respondents who are more than half of their 
working time away from the office. Table 16 shows that the average is 19% (0.19) and that the 
median is 14% (0.14), which also indicates the skewness. The variable is recoded into a 
nominal dummy variable. The median is used to create two equally sized groups: ‘low 
mobility’ and ‘high mobility’. It is assumed that employees that are only few hours away 
share more similarities with employees that are always present.   

Table 15: descriptive statistics of external mobility 

External mobility  
Average 0.194 
Standard deviation 0.221 
Median 0.140 

6.2.2 Personality 

Personality is measured using ten items that represent five personality traits: the TIPI (see 
section 4.3.4). Thus, each personality trait is measured by two items, of which one should 
measure the opposite of the other. Table 17 shows the corresponding variables per trait. 

Table 16: Cronbach’s alpha scores of the personality traits 
 Positive Reversed Cronbach’s 

alpha 
Extraversion Extraverted, enthusiastic Reserved, quiet 0.624 
Agreeableness Sympathetic, warm Critical, quarrelsome 0.206 
Conscientiousness Dependable, self-disciplined Disorganized, careless 0.485 
Emotional stability Calm, emotionally stable Anxious, easily upset 0.540 
Openness  Open to new experiences Conventional, uncreative 0.409 

 
Thus, for each trait, the variable in the third column should be reversed (i.e. recoded). 
Before combining the two variables for each trait, their consistency should be checked with 
Cronbach’s alpha. Cronbach’s alpha indicates whether the items measure the same aspect 
(De Heus, van der Leeden, & Gazendam, 2006).  The Cronbach’s alpha scores (calculated 
using SPSS) are also included in Table 17. For the interpretation of Cronbach’s alpha, it is 
often assumed that the scores should be higher than 0.6 or 0.7 (De Heus, van der Leeden, & 
Gazendam, 2006). Thus, the Cronbach’s alpha scores are quite low, in particular regarding 
‘agreeableness’. Hartog (2015) also used the TIPI and found similarly low scores. In fact, her 
scores were even somewhat lower, and the Cronbach’s alpha regarding ‘agreeableness’ was 
even negative. Hartog (2015) explains that respondents might perceive critical as something 
positive, and not as the opposite of sympathetic. This reason is also assumable for this study. 
It is therefore more adequate to use only the positive variable for agreeableness.  

Although the Cronbach’s alpha scores of the four other traits in her study are also lower than 
0.7, Hartog (2015) does argue that it is reasonable to combine the items. De Heus, van der 
Leeden & Gazendam (2006) also state that the rule of thumb regarding a score of 0.7 should 
not be taken too strictly. Therefore, the items are also combined in this study, except for 
agreeableness. For agreeableness, the score of ‘sympathetic, warm’ is multiplied by two, 
conform Hartog (2015). Because the original values of the variable range from 1 to 7, the 
values of the new variables can range between 2 and 14. Table 14 shows the descriptives of 
the five personality traits. As can be seen, the respondents are slightly more extravert. 
Regarding the other three traits, the avarage scores are considerably above neutral. A 
possible explanation could be that respondents do not easily score themselves high on 
negative aspects. That is, it might be hard for them to see themselves as uncreative, easily 
upset, or disorganized. Being introvert, on the other hand, is not a negative aspect. 
Nevertheless, the five traits demonstrate sufficient dispersion. This is also visualized in 
Figure 26. As can be seen, all five triats are more or less normally distributed, athough 
agreeableness, conscientiousness and emotional stability are somewhat skewed negatively.  
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Table 17: descriptives of the final personality variables 

    Average Standard dev. Minimum Maximum 

Extraversion 8.3 2.5 3 14 

Agreeableness 11.2 1.8 4 14 

Conscientiousness 11.6 1.9 5 14 

Emotional stability 11.2 1.9 4 14 

Openness  11.0 1.8 6 14 

 

 

 

  

Figure 26: distributions of the five personality traits 

6.2.3 Activity patterns 

To determine the activity patterns, the respondents were asked to distribute the hours that 
they were present at the work location over the various activities. Nevertheless, it is more 
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meaningful to include percentages in the analyses, because this makes it easier to compare. 
The aim was to calculate the percentages by dividing the hours by these hours. However, 
various respondents distributed the total working hours per week, or only distributed the 
hours of one day. Therefore, the variable that addresses the hours present (or another 
variable) is not included in this calculation. The percentage of the time spent on a particular 
activity is simply determined by dividing those hours by the total number of hours 
distributed at that question. This approach is more straightforward and seems more 
accurate; the percentages do not depend on another variable, and the percentages always 
add up to 100 percent. The intention of the activity pattern variables is too include whether 
an employee conducts, for example, relatively more concentration work or communicative 
work. This intention is sufficiently and adequately represented by the new variables after 
recoding.    

In Table 19, the descriptives of the recoded activity pattern variables are presented. In Figure 
27, the dispersion is visualized. As can be seen, most time is spent on concentration work, 
and roughly 60 percent of the time is spent individually. Roughly a third of the time is spent 
on communication (including making phone calls). The dispersion resembles the dispersion 
of Vos & Van der Voordt (2001) to a large extent. In this study, the amount of formal 
communication is larger. On the other hand, the time spent on informal communication is 
lower in this study. A possible explanation could be that respondents underestimate the 
time they spent on this activity. 

Table 18: Descriptive statistics of time spent on activities 

Time spent on: Mean Standard 
dev. 

Minimum Maximum 

Individual concentrated work 43.7% 21.9% 0% 100% 
Individual non-concentrated work 16.5% 14.2% 0% 88% 
Formal communication 20.5% 16.6% 0% 100% 
Informal communication 6.0% 5.9% 0% 30% 
Telephone calls 10.0% 12.2% 0% 100% 
Other  3.4% 7.0% 0% 53% 

 

Figure 27: The average activity pattern of the sample 

The individual activities are not normally distributed (Figure 28). Only time spent on 
individual concentration work is normally distributed. For each of the other activities, there 
are a large number of respondents that do not conduct that activity. For most activities, this 
is likely. However, informal communication was thought to be done by all employees. The 
finding that more than a third of the respondents spend no time on this activity is 
surprising. Because of the skewness of these variables, there are a large number of outliers. 
In Appendix 5, these variables are further examined, in order to remove these outliers. After 
removing the outliers, the variables are quite suitable for the analyses, though still 
somewhat positively skewed. The missing values are replaces with the mean. The variable 
‘other activities’ is not included in the analyses; it was merely added as an option when 
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respondents conducted specific activities that did not fit in one of the other five categories. 
Because it is not known what these activities might be, any relationship with it would not be 
meaningful and hard to interpret. 

6.3 Office concept and workspace use 

The office concept and workspace use are discussed together in this section, because they 
are obviously related. Therefore, these variables also share much information. The aim of 
this section is to keep the number of variables limited, while including most of the 
information. 

6.3.1 Office concept 

The contact persons were asked which office concept was used (see Table 12, p. 70). So, this 
variable is on the organizational or building level, not on the individual level. Furthermore, 
this variable only concerns the distinction between conventional and activity-based. The 
variable office concept can thus best be considered as the way in which the office is used; the 
physical appearance of the used workspaces is covered by the variables concerning 
workspace use. For each respondent, the organization where they work is also known, as it 
was asked in the questionnaire. Thus, based on the organization where they work, the 
respondents are grouped under the activity-based or conventional office concept (see also 
Table 12).  

A question regarding the own workspace was added for the specification of office concept. 
As discussed in Chapter 5, the own workspace is an indicator for office concept. Table 20 
shows the frequencies of the own workspaces of the respondents. As can be seen, there are 
few respondents in open-plan offices. This is expected, because this concept is less common 

Figure 28: Distributions of activity variables 
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in the Netherlands (De Been & Beijer, 2014). Conventional offices thus largely comprise 
individual and shared cell offices and team offices. The flexible workspaces indicate the 
activity-based concept. However, due to inconsistencies regarding this variable, it is not 
used to further specify office concept (see Appendix 3). Furthermore, the physical 
appearance of the workspaces and thus the layout is covered by the workspace use variables. 

Table 19: Dispersion of own workspaces 

Own workspace N 
Individual cell office 22 (6.8%) 
Shared room office 64 (19.9%) 
Team office 59 (18.3%) 
Workstation in open plan 16 (5.0%) 
Flexible workspace 161 (50.0%) 

 
Most organizations either had fully implemented the activity-based office concept, or still 
had a conventional office with various workspaces. Only organization 12 is housed in two 
buildings. In one building, the activity-based concept is fully implemented, but in the other, 
the activity-based concept is not implemented. For these respondents, the ‘own workspace’ 
variable

7
 (see Table 20) is used to distinguish between the two office concepts. 

Consequently, 9 of the 16 respondents from this organization are grouped under the activity-
based concept, because they answered that they did not have an own workspace. The final 
division between employees in activity-based offices and employees in conventional offices 
is shown in Table 21 (without the five deleted cases). This study is in essence a comparison 
between these two concepts, so they are intentionally more or less equally represented. 

Table 20: Dispersion of office concept 

Office concept N 
Conventional 158 (49.1%) 
Activity-based 164 (50.9%) 

6.3.2 Workspace use 

The workspace use is measured by asking the employee to distribute the working hours that 
they are present at the office over the different workspaces. These value are turned into 
percentages, in a similar manner as the activity patterns (see section 6.2.3). Thus, all the 
distributed hours are added, and the hours per workspace are divided by that number. 
However, some additional recoding is necessary (see also Appendix 3).  

Recoding: No distinction between fixed and flexible workspaces 

First, the distinction between flexible and fixed workspaces is omitted, because it is largely 
covered by office concept. That is, workspaces are generally flexible in activity-based offices, 
and fixed in conventional offices. Thus, the variable ‘workspace use’ only concerns the 
physical appearance of the used workspaces. However, this analogy between activity-based 
and flexible (or: between conventional and fixed) is not true for all cases. There are 17 
respondents of conventional offices that state they have a flexible workspace, and 20 
respondents in activity-based offices that state they have a fixed workspace. Flexible 
workspaces in conventional offices are not unlikely, but is assumed that their choice is still 
limited (i.e. they only share on or few workspaces with one or few other coworkers). On the 

                                                           
7
 This variable and the corresponding question were included in the questionnaire for a further 

specification of the office concept. That is, the workspaces in conventional offices are an indicator of 
the office concept (open-plan, cell, or team office). However, this information is largely covered by the 
workspace use variables (see section 6.3.2). It would therefore be redundant to maintain this 
specification regarding the variable ‘office concept’. Furthermore, this variable turned out to be 
unsuitable indicator for office concept, because of inadequate and inconsistent answers of various 
respondents (see Appendix 3 for a thorough explanation). Thus, this variable is not used directly in this 
study.  
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other hand, the fixed workspaces in the activity-based offices are unexpected, because these 
organizations have fully implemented the NewWoW (except for organization 12). 
Receptionists or secretaries might still have a fixed workspace, but most of these employees 
are regular employees. Thus, this might indicate claiming behavior. Furthermore, various 
respondents are inconsistent regarding their own workspace and the actual use of places 
(also see Appendix 3 for a thorough explanation). Apparently, respondents had different 
interpretations of the definitions of ‘fixed’, ‘own’, and ‘flexible’ regarding workspaces. This 
indicated that these terms are probably not unambiguous. For the reliability of this study, it 
is therefore also better to delete the distinction between fixed and flexible. The loss of 
information is, limited, because the distinction between activity-based and conventional 
(office concept) largely contains this information. The variable office concept is more 
reliable, because it is clearly asked from and discussed with by the contact persons.  

Recoding: Specification of team office in workspace use 

Second, for conventional offices, the hours spent in team offices are further specified. 
Because the office concept is reduced to merely the distinction between activity-based and 
conventional offices, this information is lost. This concept is quite distinct from cell offices 
and larger open-plan offices (e.g. Bodin-Danielsson & Bodin, 2008; Duffy, 1997). Thus, a new 
variable ‘hours spent in team office’ is created

8
, based on the answers of question 7. It is 

assumed that team offices are by definition only relevant for conventional offices. Team 
offices not only are distinct in size (four to nine employees), but they are also used by 
members of the same team (Duffy, 1997). The latter is not likely in non-territorial, activity-
based office environments, where everyone can sit everywhere. Furthermore, in activity-
based offices, the number of employees that are present in a specific space at a specific time 
can change vastly. Therefore, the distinction between (enclosed) cell offices and open spaces 
– purely based on their physical appearance – suffices for activity-based offices.  

Although this means an additional variable, it is essential to distinguish the team office in 
conventional offices. Now, the combination of ‘conventional office concept’ and ‘use of cell 
offices’ indicates the cell office concept, the combination of ‘conventional office concept’ and 
‘use of team office’ indicates the ‘team office concept’, and the combination of ‘conventional 
office concept’ and ‘use of open spaces’ indicates the open-plan office. Thus, the aim to 
include as much information as possible with the least variables is complied with. The 
activity-based concept is self-evident and indicates that the workspace use is on a flexible 
basis, and the combi office is not represented in the sample.  

Table 21: descriptive statistics of workspace use variables 
 
 
 
Time spent at: 

 
Conventional 

(n=158) 
Mean 

Activity-based 
(n=164) 
Mean 

 
All 

(n=322) 
Mean 

 
All 

(n=322) 
Standard dev. 

Cell office 48.7% 11.4% 29.7% 39.5% 
Open space 8.5% 65.4% 37.5% 39.6% 
Team office 28.0% 0.0% 13.7% 31.9% 
Concentration cell 0.0% 4.4% 2.4% 6.4% 

Team/meeting table 
in open space 

4.1% 4.5% 4.3% 8.8% 

Meeting room 7.1% 10.7% 8.9% 12.3% 

Other spaces  3.3% 3.5% 3.4% 6.1% 

                                                           
8
 Thus, for the employees that have an own workspace in a team office, the hours that they distributed 

over “hours spent at workstation in open space” or “hours spent in cell office” are transformed into 
“hours spent at workspace in team office”. Indeed, some respondents perceived their team office as a 
cell office at question 7, while it is in theory a small open plan (Bodin-Danielsson & Bodin, 2008). Thus, 
this question caused some confusion among respondents; they did not know whether a team office was 
a cell/room office or an open plan. Recoding this variable, however, was quite extensive, and discussed 
thoroughly in Appendix 3. 
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Descriptives of the definitive workspace use variables 

After recoding the workspace use variables, the original eight variables are reduced to seven. 
The deletion of the distinction between fixed and flexible workspaces resulted in two fewer 
variables, while the specification of the team office added an extra variable. The descriptive 
statistics of the use of these workspaces is shown in Table 22. Additionally, a division is 
made between activity-based and conventional offices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen, the individual workspaces are used most frequently. The use of individual 
workspaces clearly differs between the two office concepts. In activity-based offices, the use 
of workstations in open spaces is noticeably higher, while in conventional offices, the use of 
cell offices and team offices are used vastly more often. These results are expected, in 
particularly because the open-plan office (with dedicated seating) is not common in the 
sample (see Table 20). Furthermore, the workspaces for specific activities are used more 
often in activity-based offices. The concentration cell is usually not present in conventional 

Figure 29: distribution of workspace use variables 
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offices, which explains why this type is only used in activity-based offices. The use of 
meeting rooms and meeting/team tables in open spaces is also slightly higher in activity-
based offices. This indicates that employees in activity-based offices use these workspaces 
more often for communication activities, while employees in conventional offices use their 
own workspace, possibly even with an own meeting table. Whether these differences 
between the office concepts are significant is tested in Chapter 7.  

However, the variables are not normally distributed (see Figure 28). For each workspace, 
there are a large number of respondents that do not use that workspace at all (similar to the 
activity patterns). In Appendix 5, these variables are further examined. Because of these odd 
distributions, it is more adequate to recode them into nominal dummy variables. Table 23 
shows the descriptives of the definitive workspace use variables. Thus, these newly created 
variables measure whether the workspace is used by the respondent or not. The extent to 
which the workspaces are used (relative time spent on them) is then no longer included. 
This means a loss of some information. Nevertheless, these new variables are more accurate, 
because they no longer rely on the correct estimations of the employees regarding the hours 
spent on them. Furthermore, the most important information is maintained, and the two 
purposes of these variables are still met. These purposes are namely the specification of the 
conventional office concepts (cell office, team office, or open-plan office), and the indication 
of an adequate use of activity-based offices (i.e. not only using workstations in open spaces). 
For example, only 73 respondents use concentration cells, so a large proportion of the 
respondents in activity-based offices do not use them. This finding might indicate 
inadequate use of the office concept, and thus affect satisfaction (see section 2.3.2 and 3.2.3).  

 Table 22: Descriptive statistics of recoded workspace use variables 
Use of: Yes No 
Cell office 144 (44.7%) 178 (55.3%) 
Workstation in open space 174 (54.0%) 148 (46.0%) 
Team office 52 (16.1%) 270 (83.9%) 
Concentration cell/silence room 73 (22.7%)  
Team/meeting table in open space 110 (34.2%) 212 (65.8%) 
Enclosed meeting/project room 181 (56.2%) 141 (43.8%) 
Other spaces 137 (42.5%) 185 (57.5%) 

6.3.3 Workspace use for activities 

One of the relationships in the conceptual model concerns the relationship between 
workspace use and activity pattern. This relationship is determined in the statistical analyses 
(Chapter 7). However, five additional questions were added in the questionnaire that 
directly addressed this relationship: workspace use for a specific activity. This approach is 
for example also followed by Joy & Haynes (2011). These variables provide useful insights, 
and it would be interesting to see if the bivariate analyses between activities and workspace 
use correspond with these findings. This is discussed in Chapter 7. The results are shown in 
Table 24

9
.  

As can be seen, the workspace use differs per activity, but also in the different office 
concepts. Concentration work is largely conducted on the individual workspaces, in 
particular in conventional offices, where cell offices generally are beneficial for this type of 
work. In activity-based offices, the concentration cell is also frequently used, but employees 
generally conduct concentration work at workstations in open spaces.  Some employees in 
activity-based offices also seek enclosure in meeting rooms. For non-concentrated work, the 
individual workspaces are generally used, in both concepts. 

                                                           
9
 These questions addressed the same eight workspaces, so the team office is not distinguished in this 

table. The question did distinguish between flexible and fixed workspaces regarding cell offices and 
workspaces in open spaces. This distinction is not made in this table, by adding the frequencies of 
these workspaces. For the division between conventional and activity-based concept, the option 
Crosstabs in SPSS is used.  
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Table 23: Workspaces used for specific activities 
workspace used for individual 
concentrated work 

All 
(n=322) 

Conventional 
(n=158) 

Activity-based 
(n=164) 

Workspace in cell office 147 46% 121 77% 26 16% 

Workstation in open space 132 41% 32 20% 100 61% 

concentration sell/silence room 35 11% 3 2% 32 20% 

team/meeting table in open space 1 0% 1 1% 0 0% 

enclosed meeting/project room 7 2% 1 1% 6 4% 

other 0 0% 0 0% 0 0% 

workspace used for individual 
non-concentrated work 

All 
(n=322) 

Conventional 
(n=158) 

Activity-based 
(n=164) 

Workspace in cell office 132 41% 110 70% 22 13% 

Workstation in open space 169 52% 38 24% 131 80% 

concentration sell/silence room 1 0% 0 0% 1 1% 

team/meeting table in open space 8 2% 3 2% 5 3% 

enclosed meeting/project room 2 1% 1 1% 1 1% 

other 10 3% 6 4% 4 2% 

workspace used for formal 
communication 

All 
(n=322) 

Conventional 
(n=158) 

Activity-based 
(n=164) 

Workspace in cell office 66 20% 58 37% 8 5% 

Workstation in open space 71 22% 21 13% 50 30% 

concentration sell/silence room 5 2% 3 2% 2 1% 

team/meeting table in open space 28 9% 14 9% 14 9% 

enclosed meeting/project room 147 46% 57 36% 90 55% 

other 5 2% 5 3% 0 0% 

workspace used for informal 
communication 

All 
(n=322) 

Conventional 
(n=158) 

Activity-based 
(n=164) 

Workspace in cell office 90 28% 79 50% 11 7% 

Workstation in open space 86 27% 25 16% 61 37% 

concentration sell/silence room 1 0% 0 0% 1 1% 

team/meeting table in open space 33 10% 7 4% 26 16% 

enclosed meeting/project room 6 2% 2 1% 4 2% 

other 106 33% 45 28% 61 37% 

workspace used for telephone 
calls 

All 
(n=322) 

Conventional 
(n=158) 

Activity-based 
(n=164) 

Workspace in cell office 145 45% 121 77% 24 15% 

Workstation in open space 115 36% 30 19% 85 52% 

concentration sell/silence room 31 10% 1 1% 30 18% 

team/meeting table in open space 1 0% 0 0% 1 1% 

enclosed meeting/project room 10 3% 2 1% 8 5% 

other 20 6% 4 3% 16 10% 

 
For formal communication, meeting rooms are obviously frequently used. Nevertheless, the 
individual workspaces are also frequently used, in particular in conventional offices. For 
informal communication, the meeting rooms are rarely used. The individual workspaces are 
used most often, in particular in conventional offices. Employees can indeed visit each 
other’s desk or chat with their neighbor. In activity-based offices, tables for more persons in 
open spaces are also used frequently. Furthermore, other spaces (i.e. hallway, supporting 
facilities, informal areas) are used for informal communication. This is in line with Appel-
Meulenbroek (2010), who states that spontaneous interactions often occur in these spaces. 
The frequency of the use of these spaces is higher in activity-based offices, as expected. 
Activity-based offices often have additional, informal areas, and the chances for spontaneous 
interactions are larger due to the openness (see section 3.2.1). Lastly, making phone calls 
occurs largely at the individual workspaces. In activity-based offices, a noticeable proportion 
of the employees also use concentration cells or meeting rooms for making phone calls. 
These rooms provide sufficient privacy, which is needed for confidential phone calls.  
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Thus, these findings support the assumption that there should be a relationship between 
activity pattern and workspace use. However, as has become clear, the office concept also 
largely affects the use of workspaces. The availability of certain workspaces depends on the 
office concept. Nevertheless, there is still some additional variation in workspace use. Thus, 
this might indicate that personal differences also matter, which is also claimed by Kleijn 
(2011). Joy & Haynes (2011) demonstrated that, for example, age might have an effect. This is 
therefore also included in the model of this study, and tested in Chapter 7.  

6.4 Needs 

In this study, the needs are inventoried from the existing literature, on a rather high 
aggregation level. Of these needs, the importance is asked. First, the results are discussed, 
and subsequently, factor analysis is conducted to reduce the variables.  

Table 24: Descriptive statistics of needs  

 N Mean Standard 
deviation 

Importance of concentration 322 4.22 0.68 
Importance of lighting 322 4.19 0.73 
Importance of climate comfort 322 4.17 0.69 
Importance of ergonomics 322 4.05 0.83 
Importance of communication 322 4.04 0.74 
Importance of space 322 3.75 0.77 
Importance of control over climate comfort 322 3.72 0.92 
Importance of proximity of coworkers  322 3.63 0.81 
Importance of autonomy and freedom in choice 322 3.52 0.86 
Importance of privacy 322 3.25 0.98 
Importance of relaxation 322 3.01 0.86 
Importance of aesthetics 293 3.01 0.86 
Importance of storage space 322 2.92 1.06 
Importance of personalization 322 2.91 0.99 
Importance of status expression 322 2.16 0.98 

6.4.1 Descriptive statistics  

The importance of the needs is asked using a five-point Likert scale. The distributions of the 
results are added in Appendix 4. All needs are more or less normally distributed, though the 
most important needs are somewhat negatively skewed. In Table 25, the descriptive statistics 
concerning the importance of the needs are presented. They are ranked according to 
importance. As can be seen, concentration is perceived to be most important by the 
respondents. This is in line with the studies of Brill et al. (2001, in: Batenburg & Van der 
Voordt, 2008), Hagens (2007, in: Batenburg & Van der Voordt, 2008) and Maarleveld, Volker 
& Van der Voordt (2009), in which concentration was also the (second) most important 
need. Additionally, the standard deviation of this variable is lowest, indicating that 
concentration is important for generally all employees. The latter is also endorsed by 
Sundstrom, Burt & Kamp (1980). Privacy, on the other hand, seems to be less important, 
indicating that this is indeed a different need. Furthermore, climate comfort and lighting are 
highly important, as well as ergonomics. These aspects were also among the most important 
aspects in the studies of Fleming (2005), Maarleveld, Volker & Van der Voordt (2009) and 
Appel, Groenen & Janssen (2011). These studies show that comfort in general scores high on 
importance, as well as the specific aspects ergonomics and indoor climate. Communication 
and proximity of coworkers are also perceived as important, which is in line with the 
findings of, for example, Hagens (2007, in: Batenburg & Van der Voordt, 2008) and Fleming 
(2005). It is, however, still less important that concentration in this study. Thus, the 
expectation that the office becomes a meeting place, and that concentration work can be 
conducted at home (e.g. CBRE, 2011; Venezia & Allee, 2007) is weakened by these findings. 
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Personalization and status expression seem to be least important, which is in line with the 
expectations. Van der Voordt (2004), for example, stated that employees in activity-based 
offices eventually accept the lack of possibilities to personalize or express status. Barber 
(2001, in: Batenburg & Van der Voordt, 2008) did find that personalization was relatively 
important. On the other hand, Fleming found that ‘workspace ownership’ was among the 
less important aspects. These needs are also largely psychological, so they are less important 
for conducting the work properly. Moreover, storage space seems to be less important. This 
might be due to the digitalization in the workplace, which lessens the need for physical 
storage space. Fleming (2005) and Maarleveld, Volker & Van der Voordt (2009) also found 
that storage space was among the least important aspects. On the other hand, space to work 
remains moderately important, which is also found by Appel, Groenen & Janssen (2011) and 
Fleming (2005). Lastly, aesthetics and relaxation are not among the most important needs in 
this study either. Fleming (2005) also found that these aspects did not score high on 
importance. On the other hand, the need for autonomy is somewhat more important, which 
is characteristic for the contemporary employee (see section 4.1).  

Thus, the findings in this study are generally as expected, as they are in line with the 
findings in other studies. However, several of these needs are related. For example, 
communication is divided into communication itself and proximity of coworkers, and space 
is split up into space to work and storage space. Thus, there might be underlying 
dimensions, which are explored using factor analysis, as discussed next. 

6.4.2 Factor analysis of needs 

A factor analysis is used to determine underlying dimensions regarding the measured needs. 
The factor analysis is conducted using SPSS. For the extraction, principal component 
analysis is used. For the rotating, Varimax is chosen, which results in orthogonal 
components. The number of components is based on the eigenvalue, which should be 
higher than 1. 29 cases do not have a score on aesthetics. These missing values are replaced 
with the mean. Table 26 shows the results of the principal component analysis. As can be 
seen, five factors have been extracted (i.e. eigenvalue higher than 1). Most variables load high 
on merely one component. Furthermore, the factors can be easily interpreted: 

 Factor 1 covers ‘comfort’, both regarding indoor climate and furniture. Climate comfort 
and control over climate comfort load high on this component, as well as lighting (visual 
comfort). Additionally, ergonomics loads high on this factor. Furthermore, space loads 
quite high on this factor. Sufficient space lessens the feelings of crowding, which could 
result in discomfort. Lastly, concentration also loads somewhat on the factor, which 
could be related to auditory comfort (absence of noise). All other variables do not load 
on this factor. Thus, employees with a high need of comfort may response that 
ergonomics and aspects that relate to indoor climate are important. 

 Factor 2 clearly concerns ‘territoriality’. As discussed in section 4.2.4, territoriality 
concerns the need for one’s own space, and the subsequent need to mark that space (e.g. 
Brown, 2009). Four aspects load high on this factor, namely space, storage space, 
personalization, and status expression. Thus, these are exactly the aspects that are 
related to territoriality. These are also the needs that are generally adequately met in 
conventional offices, in particular cell offices. The other variables do not load on this 
factor, so it is clear that this factor concerns territoriality. 

 Factor 3, on the other hand, concerns the aspects that are generally enhanced in 
activity-based offices. Three variables load high on this factor, namely autonomy and 
freedom in choice, aesthetics, and relaxation. Activity-based offices generally do not 
only offer a variety in workspaces, but also informal areas (relaxation), in an aesthetic 
work environment (e.g. Joy & Haynes, 2011). These aspects are the opposite of Taylorism; 
employees do not want to be perceived as a machine. The aspects of this factor show 
resemblance with the higher psychological needs of the Maslow hierarchy: The need for 
aesthetics and the need for self-actualization (e.g. Vos & Van der Voordt, 2002). Thus, 
this need could be described as ‘pleasantness’.     
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 Factor 4 clearly covers ‘communication’; only two variables load high on this factor, 
namely communication itself and proximity of coworkers. In the operationalization, the 
need for communication was divided into these two variables, so this factor confirms 
that they are related. 

 Factor 5 concerns ‘privacy and concentration’. The two variables privacy and 
concentration load high on this factor. They are obviously related, as privacy is 
beneficial for concentration. Other studies also combined these two aspects (e.g. De 
Been & Beijer, 2014). 

Table 25: Results of the principal component analysis regarding needs 

Variables: 

Factor 
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importance of concentration ,285 ,089 -,111 ,270 ,602 

importance of privacy ,045 ,118 ,115 -,092 ,770 

importance of communication -,016 -,092 ,118 ,730 ,292 

importance of proximity of coworkers ,016 ,045 ,070 ,813 -,173 

importance of ergonomics ,677 ,186 ,048 ,159 -,071 

importance of space ,489 ,541 ,102 ,118 -,107 

importance of storage space ,279 ,768 -,026 ,064 -,012 

importance of climate comfort ,841 ,042 ,108 -,023 ,090 

importance of control over climate ,689 ,229 ,044 -,080 ,126 

importance of lighting ,673 -,053 ,188 -,064 ,275 

importance of personalization ,030 ,700 ,202 -,059 ,316 

importance of status expression ,017 ,686 ,285 -,101 ,081 

importance of relaxation ,049 ,195 ,715 ,085 ,052 

importance of autonomy and freedom in choice ,190 -,048 ,760 ,020 -,030 

importance of aesthetics ,076 ,301 ,672 ,094 ,063 

Eigenvalue 3.775 1.609 1.425 1.155 1.104 

% of explained variance  25.17% 10.73% 9.50% 7.70% 7.36% 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 7 iterations. 

Thus, these factors clearly address distinctive aspects and largely cover the original variables. 
60.5% of the variance is explained by these factors. The new variables are calculated using 
the option ‘regression’. These variables are used in the bivariate analyses and path analysis.   

6.5 Satisfaction 

In this study, satisfaction with the support of needs is asked. Thus, the same aspects that 
have been inventoried for assessing the needs are used. Furthermore, the overall satisfaction 
with the work environment and perceived productivity are asked. All aspects are measured 
using a five-point Likert scale. First, the descriptive statistics are discussed. Subsequently, 
the results of the factor analysis are discussed. The distributions of the variables are added in 
Appendix 4. Most distributions are somewhat negatively skewed, which is in line with the 
means in Table 27 (relatively more satisfied respondents).   

6.5.1 Descriptive statistics 

In Table 27, the findings regarding satisfaction with the support of needs, overall 
satisfaction, and perceived productivity are presented. Because satisfaction is inevitably 
linked to the supply side, the distinction between the two office concepts is also shown. The 
reference to the supply side makes the results more meaningful. 
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Table 26: Descriptive statistics of the satisfaction variables 

Satisfaction with Conventional 
(n=158) 
Mean 

Activity-
based 

(n=164) 
Mean 

All 
(n=322) 
Mean 

All 
(n=322) 

Standard 
dev. 

Concentration 3.5 3.3 3.39 1.05 
Privacy 3.5 3.3 3.42 0.92 
Communication 3.6 3.7 3.67 0.77 
Proximity of coworkers 3.9 4.0 3.93 0.67 
Ergonomics 3.5 3.9 3.72 0.89 
Space 3.9 3.8 3.82 0.81 
Storage space 3.8 3.4 3.60 0.79 
Climate comfort 3.2 3.0 3.07 0.97 
Control over climate comfort 3.1 2.8 2.93 0.98 
Lighting 3.7 3.7 3.70 0.84 
Personalization 3.5 3.1 3.33 0.81 
Status expression 3.4 3.2 3.27 0.60 
Relaxation 3.2 3.4 3.32 0.76 
Autonomy and freedom in 
choice 

3.5 3.5 3.48 0.72 

Aesthetics 3.4 3.6 3.51 0.75 
Overall satisfaction 3.7 3.7 3.72 0.84 
Perceived productivity 3.5 3.4 3.41 0.91 

 
As can be seen, the respondents are generally satisfied, and the perceived productivity is 
above average. Most aspects are rated higher than 3 (= neutral), on average, indicating that 
employees are generally satisfied with all aspects. Climate comfort and control over it scores 
lowest. Control over climate comfort is slightly dissatisfactory, indicating that this is a 
dissatisfier. Batenburg & Van der Voordt (2008) indeed indicated that the indoor climate is 
often a source of complaints and dissatisfaction. Similarly, Kim & de Dear (2013) found that 
satisfaction rates of indoor climate were only slightly positive for cell offices, but negative for 
open spaces. Perhaps, a good climate comfort is taken for granted, but an inadequate indoor 
climate is strongly dismissed.  

It is more interesting to indicate differences between the two office concepts. Table 27, most 
interestingly, shows that overall satisfaction is the same in both conventional and activity-
based offices (on average 3.7). Nevertheless, satisfaction with the specific aspects does show 
some differences. The respondents in conventional offices are more satisfied with privacy 
and concentration. This is expected, as the conventional offices largely comprise enclosed 
offices (see Table 20), while the activity-based offices are largely open. The lack of 
concentration and privacy is a common complaint in activity-based offices (e.g. Van der 
Voordt, 2014; Pullen 2011). Similarly, satisfaction with personalization and status expression 
is higher in conventional offices. This is also expected, because these two aspects are 
hindered in non-territorial offices (Brunia & Hartjes-Gosselink, 2009; Van der Voordt, 20o4). 
On the other hand, satisfaction with aesthetics, ergonomics, and relaxation is higher in 
activity-based offices. These aspects receive more attention in activity-based offices (Van der 
Voordt, 2004; Van der Voordt & d'Ancona, 2013). Additionally, satisfaction with 
communication is slightly higher in activity-based offices, which is in line with the 
expectations. The openness combined with the presence of enclosed rooms are beneficial for 
communication (see section 3.2.1). Lastly, respondents in activity-based offices are less 
satisfied with (control) over climate comfort. The control over indoor environment is lower 
in open office environments, which is negative for the satisfaction (i.e. Frontczak, et al., 
2002; Kim & de Dear, 2013). Whether these differences are significant, is addressed in 
Chapter 7. However, first the satisfaction scores are summarized into fewer variables, using 
factor analysis.  
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6.5.2 Factor analysis 

A factor analysis is used to summarize the satisfaction scores into fewer variables. The same 
procedure is used as with the needs (see section 6.4.2), namely principal component analysis 
with Varimax rotation. There are 29 cases without a score on satisfaction with aesthetics. 
These missing values are replaced with the mean.  

Table 27: Results of the principal component analysis regarding the satisfaction scores 

 Variables: 
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satisfaction with concentration 0.834 0.063 0.129 0.106 0.031 

satisfaction with privacy 0.793 0.179 0.075 0.247 0.028 

satisfaction with communication 0.775 0.087 0.153 0.078 0.102 

satisfaction with proximity of coworkers 0.467 0.046 0.224 0.064 0.266 

satisfaction with ergonomics 0.199 0.039 0.651 -0.204 0.429 

satisfaction with space 0.122 0.053 0.306 -0.068 0.819 

satisfaction with storage space 0.117 0.128 -0.127 0.414 0.741 

satisfaction with climate comfort 0.045 0.902 0.129 0.075 0.070 

satisfaction with control over climate 0.052 0.892 0.086 0.209 -0.035 

satisfaction with lighting 0.305 0.547 0.100 0.019 0.161 

satisfaction with personalization 0.251 0.149 0.004 0.790 0.111 

satisfaction with status expression 0.093 0.129 0.308 0.798 0.037 

satisfaction with relaxation 0.205 0.023 0.715 0.359 0.030 

satisfaction with autonomy and freedom in 
choice 

0.317 0.067 0.608 0.425 -0.026 

satisfaction with aesthetics 0.068 0.282 0.662 0.046 0.078 

Eigenvalue 4.733 1.666 1.417 1.237 1.113 

% of explained variance  31.55% 11.11% 9.45% 8.25% 7.42% 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 15 iterations. 

Table 28 shows the results of the principal component analysis. As can be seen, five factors 
have been extracted (thus, having an eigenvalue higher than 1). The factors regarding 
satisfaction are also easy to interpret: 

 Factor 1 concerns both privacy and concentration, and communication and proximity 
and coworkers. Although these are distinct needs (see section 4.2), it is logical that 
satisfaction with these aspects is related to each other. That is, privacy is ‘regulation of 
social interaction’ (e.g. Haans, Kaiser, & De Kort, 2007, see section 4.2.4). Thus, if an 
employee is satisfied with its privacy, it is likely that that employee is also satisfied with 
the amount of communication. Thus, this factor concerns ‘regulation of interaction’.  

 Factor 2 clearly concerns the ‘indoor environment’. Three aspects load high on this 
factor, namely climate comfort, control over climate comfort, and, to a lesser extent, 
lighting.  

 Factor 3 roughly covers the same aspects as the need for ‘pleasantness’, namely 
aesthetics, autonomy and freedom in choice, and relaxation. However, ergonomics also 
loads high on this factor. Thus, this factor is somewhat broader. This factor roughly 
covers the attention for the employee. Providing an aesthetic work environment, 
comfortable furniture, and possibilities to relax shows that an organization cares for its 
employees and wants to create a pleasant work environment for them. Thus, this factor 
can also be described as ‘pleasantness’.  

 Factor 4 is somewhat more difficult to interpret. Personalization and status expression 
load high on this factor. These variables concern identity expression. Storage space also 
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loads somewhat on this factor, but space does not. Thus, these variables are not 
sufficient to label this factor as territoriality. Storage space can also be related to 
personalization: having sufficient space to store your own belongings. Furthermore, 
autonomy and freedom in choice load somewhat on this factor. Being autonomous 
might be related to identity expression (being yourself, being able to make your own 
decisions). Thus, all these factors address individuality, and in particular the individual 
influence. Thus, this factor covers ‘influence’.  

 Factor 5 covers three variables: space, storage space, and ergonomics. These are the only 
three variables that load on this factor. All these aspects relate to furniture, and in 
particular to the functionality of the workspace. Thus, this factor is referred to as 
‘functionality’.     

It is interesting to see that these factors differ from the extracted factors regarding needs, 
even though the individual variables were similar. This difference supports the notion that 
the supply side and demand side are – and should be considered as – different (e.g. Heijs, 
2006), and that needs and satisfaction are distinct concepts (see Figure 11). For example, 
communication and privacy are distinct needs, but on the supply side, they are related. For 
other aspects, distinct aspects of the supply side fulfil the same need. For example, the need 
for comfort results in a higher importance of ergonomics and climate comfort, but furniture 
and indoor climate are obviously distinct aspects on the supply side. Similarly, the need for 
territoriality results in a higher importance of space and personalization, but on the supply 
side, these aspects are also different. That is, an employee can have sufficient space in a 
space with a clean desk policy (e.g. in an activity-based office), or have little space but 
possibility to personalize (e.g. in an open-plan office). The five factors explain roughly 68% 
of the variance, and generally all variables load high on one or more factors. The new 
variables are calculated using the option ‘regression’. These variables are used in the 
bivariate analyses and path analysis.   

6.6 Conclusion 

In order to test the problem statement in this study (i.e. combined the effects of office 
concept, personal characteristics, needs and workspace use on satisfaction), new data is 
collected. In this chapter, the data has been described and the representativeness (regarding 
age, gender, educational level, tenure, and working hours) is addressed. The respondents per 
age groups in this study differ significantly from the frequencies within the Dutch working 
population, so this has to be taken into account when generalizing the results.  

Furthermore, the data have been prepared for the analyses. For some variables, recoding was 
needed. The variable office concept is not derived from the answers of the questionnaire, but 
from the information of the contact person. This seems more reliable, because the difference 
between ‘own’, ‘fixed’, and ‘flexible’ did not seem to be clear for all respondents. Thus, for 
the reliability of this study, the data regarding workspaces is not used to indicate office 
concept. For the same reason, the distinction between flexible and fixed workspaces is 
deleted. This is only a little loss of information, because this distinction is mostly covered by 
the variable office concept. The information regarding workspace use consequently only 
concerns the physical appearance of the workspaces. It is assumed that this information is 
reliable, because it is easy to assess for the employees and thus less unambiguous. Moreover, 
the team office is specified in the workspace use. Overall, the variables are reduced in 
number, but most information is retained. In addition to this unforeseen recoding, the 
personality traits were recoded as intended, reducing these variables from 10 to 5. 
Furthermore, two principal component analyses have been conducted. Both the needs and 
the satisfaction scores are reduced from 14 to 5 variables. Now, all variables are ready to be 
used in the analyses. In the next chapter, the bivariate analyses are discussed in Chapter 7.    
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7. Bivariate analyses 
In this study, the effects of office concept, personal characteristics, needs and workspace use 
on satisfaction are analyzed. In this Chapter, bivariate analyses are conducted, in order to 
determine which variables are relevant for the path analysis. That is, variables that are not 
significant in the bivariate analyses are not included in the path analysis. This chapter also 
provides the answers to research questions 4 to 8. These research questions address the direct 
effects of office concept and personal characteristics on needs, workspace use and satisfaction, 
and the direct effects of needs and workspace use on satisfaction. As described in Chapter 5, a 
path model comprises exogenous and endogenous variables. The latter are affected by the 
exogenous and other endogenous variables. This approach is used to structure this chapter. 
Each section describes an endogenous variable.   

7.1 Aspects that affect needs 

In this section the aspects that affect needs are discussed. In this study, needs are only 
affected by exogenous variables, namely office concept and personal characteristics and 
activity patterns. These relationships are highlighted in Figure 30. For the needs, the five 
new variables derived from the principal component analyses are used.  

 

 

 

 

 

 

 

7.1.1 Personal characteristics 

The personal characteristics that are included in the analyses are age, gender, external 
mobility, job rank, tenure, and educational level. Additionally, the personality traits 
extraversion, agreeableness, conscientiousness, emotional stability and openness are 
included. These variables do not all have the same level of measurement. Gender, job rank, 
mobility and educational level are nominal and ordinal variables; all other variables are 
interval/ratio variables. Thus, different analyses are necessary. The needs can be treated as 
interval variables, because they are measured using a Likert scale and roughly normally 
distributed. The relationships between the interval variables and the needs are tested with 
Pearson correlations. The relationship between the nominal and ordinal variables and the 
needs are tested with a t-test for gender, educational level, and mobility (two groups), and 
one way ANOVA for job rank (three groups). 

In Table 29, the results of the bivariate analyses are presented. As can be seen, there are 
several significant relationships. Age only correlates significantly and negatively with 
communication. This result was expected, because the youngest generation of employees 
(Generation Y) is generally described as team players (e.g. Bennett, Pitt, & Price, 2012) and 
more extravert (Lyons & Kuron, 2013). Rothe et al. (2011+2012) also found that collaboration 
was significantly more important for younger employees. However, it was expected that age 
affected more needs, but these relationships are not significant. Territoriality does not seem 
to be more important for older employees, even though they are used to the idea of having 
an own workplace. Furthermore, comfort and privacy were assumed to be more important 
for older employees, but no support has been found for these assumptions either.  
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Table 28
10

: Bivariate analyses between personal characteristics and needs (Pearson, t-test, and ANOVA) 
 Comfort Territoriality Pleasantness Communication Privacy 

Pearson: r Sig r Sig r Sig r Sig r Sig 

Age 0.069 0.216 0.09 0.876 -0.010 0.853 -0.299** 0.000 0.08 0.892 

Tenure 0.109 0.051 0.084 0.134 -0.012 0.833 -0.190** 0.001 0.100 0.072 

Extraversion 0.019 0.732 0.102 0.066 0.038 0.493 0.190** 0.001 -0.013 0.822 

Agreeableness 0.067 0.232 -0.028 0.621 0.021 0.711 0.140* 0.012 0.036 0.517 

Conscientiousness 0.259** 0.000 0.070 0.212 -0.023 0.676 0.014 0.806 0.066 0.238 

Emotional stability 0.099 0.076 -0.068 0.227 0.004 0.945 -0.016 0.772 0.000 0.994 

Openness 0.017 0.760 -0.001 0.988 0.060 0.282 0.145** 0.009 -0.007 0.895 

t-test: t Sig t Sig t Sig t Sig T Sig 

Gender -2.846** 0.005 -0.369 0.712 -0.306 0.760 -0.575 0.566 -1.476 0.141 

Educational level 0.743 0.458 6.280** 0.000 0.675 0.500 -1.822 0.069 -0.505 0.614 

Mobility (dummy) 2.415* 0.016 3.020** 0.003 -0.016 0.987 0.019 0.984 0.582 0.561 

ANOVA: F Sig F Sig F Sig F Sig F Sig 

Job rank 0.405 0.667 3.447* 0.033 0.218 0.804 4.855** 0.008 0.870 0.420 

 
The negative relationship between tenure and the need for communication might indicate 
that new employees need more guidance, while others can work more independently. The 
personality traits also show some significant effects, particularly on the need for 
communication. There is a significant relationship between extraversion and the need for 
communication, which is expected. Furthermore, there is a significant relationship between 
openness and the need for communication. Openness is linked to creativity, and creativity 
needs communication (e.g. Martens, 2011; Sailer, 2011; Rashid, et al., 2006). Furthermore, 
agreeableness is positively correlated with the need for communication. These people are 
more sympathetic, and therefore might value interaction with coworkers. Furthermore, 
conscientiousness is positively related to the need for comfort. An interpretation of this 
relationship could be that hard, dependable workers do not want to be distracted by any 
discomfort. Emotional stability shows no significant relationships with the needs. 

Table 29: descriptive statistics of the different groups in the t-tests and ANOVA regarding the effect of 
personal characteristics on needs 
 Comfort Territoriality Pleasantness Communication Privacy 

Gender N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Male 195 -0.127 0.980 -0.166 1.011 -0.014 1.028 -0.026 0.985 -0.066 1.001 

Female 127 0.194 1.003 0.026 0.987 0.021 0.960 -0.040 1.026 0.102 0.994 

Educational level N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Low & Moderate 92 0.066 1.038 0.523 0.905 0.060 1.022 -0.160 1.057 -0.045 1.008 

High 230 -0.026 0.986 -0.209 0.960 -0.024 0.992 0.064 0.971 0.017 0.998 

Mobility N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Low 161 0.136 0.943 0.166 0.919 -0.001 0.936 0.001 1.088 0.032 0.938 

High 161 -0.136 1.040 -0.166 1.052 0.001 1.063 -0.001 0.907 -0.032 1.060 

Job rank N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Low 32 0.122 1.163 0.193 1.143 0.032 0.913 -0.345 1.036 0.057 0.954 

Moderate 258 -0.002 0.975 0.027 0.960 0.010 0.993 0.085 0.955 -0.033 1.001 

High 32 -0.102 1.049 -0.411 1.093 -0.109 1.154 -0.344 1.192 0.206 1.039 

 
Regarding the nominal (and ordinal) variables, also some significant results are found. These 
relationships are tested with t-tests and ANOVA, in which the means of the different groups 
are compared. These means are presented in Table 30. As can be seen in both Table 29 and 
30, gender has a significant effect on the need for comfort. This need is higher for female 
employees, which is in line with the expectations. According to Karjalaine (2007), the indoor 
climate is more often a source of complaints for women, and Rothe et al. (2011) also found 
that control over indoor climate is more important for women. Furthermore, external 
mobility affects the need for comfort and territoriality. These needs are higher for employees 
with low mobility, which is likely. For employees that spend more time at the work location, 
the comfort (e.g. indoor climate) and territoriality (e.g. personalization, space) are more 
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 For all tables in this chapter, * indicates that the result is significant at the 95% interval, and ** 

indicates that the result is significant at the 99% interval 
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important. Educational level has a significant effect on territoriality as well. This need is less 
important for higher educated employees. This result is not expected, and not easy to 
interpret. Job rank also seems to affect the need for territoriality. The Post-hoc Tukey test 
shows that that this need is significantly lower for high job ranks (both compared to low and 
moderate job ranks, see also Table 30). This result is also unexpected. In fact, it was more 
reasonable that space and status expression were more important for higher job ranks, but 
the opposite is found in this study. Perhaps, these employees do not need to show their 
status with physical aspects, because they are already recognized for having status, but this 
is quite paradoxical and not in line with previous research (e.g. Wells & Thelen, 2002). 
Lastly, job rank also has a significant effect on the need for communication. The Post-hoc 
Tukey test shows that this need is significantly higher for moderate job ranks (i.e. regular 
employees, see also Table 30), compared to both low and high job ranks. A possible 
explanation might be that these employees have to collaborate most frequently.  

7.1.2 Activity patterns 

It is assumed that the activities of the employees largely determine their needs. The included 
activities are individual concentration work, individual non-concentrated work, formal face-
to-face communication, informal face-to-face communication, and using telephone. All 
variables are treated as interval variables, so Pearson correlations are used.  

Table 30: Bivariate analyses between activities and needs (Pearson correlations) 
 Comfort Territoriality Pleasantness Communication Privacy 

Time spent on r Sig r Sig r Sig r Sig r Sig 

Concentration work 0.113* 0.043 0.013 0.810 -0.073 0.192 -0.060 0.285 0.061 0.273 

Non-concentrated work 0.014 0.800 -0.070 0.217 0.085 0.131 0.008 0.884 -0.182** 0.001 

Formal communication -0.059 0.304 -0.092 0.108 -0.013 0.827 0.059 0.302 0.053 0.355 

Informal communication -0.119* 0.033 -0.132* 0.019 0.027 0.628 -0.020 0.727 -0.042 0.452 

Telephone calls -0.044 0.446 0.144* 0.012 -0.030 0.596 0.147** 0.010 0.063 0.274 

 
Table 31 shows the relationships between activities and needs. As can be seen, there are less 
significant relationships than expected. There is a negative relationship between non-
concentrated work and the need for privacy and concentration, which is likely. On the other 
hand, privacy was expected to be more important for individual concentration work. 
Moreover, privacy was also expected to be needed for formal face-to-face communication 
and making phone calls, which might be confidential. Furthermore, employees might prefer 
privacy for informal communication, because they do not want to be seen doing this, or 
because they discuss personal matters. Surprisingly, these relationships were not significant. 
The results only confirm that privacy is needed less for non-concentrated work. 
Furthermore, the need for communication only significantly correlates with the time spent 
on making phone calls. This is a logical relationship, but it was also expected that this need 
would be higher for employees conducting more formal and informal communication 
activities. In fact, formal communication does not correlate with any need. 

Furthermore, there is a significant relationship between concentration work and need for 
comfort. A possible explanation might be that these people do not want to be distracted by 
any discomfort. As Vischer (2008) puts it, coping with discomfort from external stimuli costs 
energy and attention, which can consequently not be used for work. For employees that 
need their attention for concentration work, discomfort might be extra disturbing. This 
reasoning might also explain the significant negative relationship between informal 
communication and the need for comfort. Informal communication costs less energy, and 
might therefore result in a higher tolerance for discomfort. Additionally, employees that 
spend more time on informal communication have a lower need for territoriality. These 
employees are probably have higher mobility within the office, thus an own territory is less 
important for them. Greene & Myerson (2011) designate this type of employee as ‘the 
connector’; an employee that spends a large part of their time at other places within the 
building for social interaction (though not only informal). On the other hand, the need for 
territoriality is significantly higher for employees that spend more time on using the 
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telephone. This indicates that employees that spend more time on using the telephone 
prefer own space, probably for privacy or functional reasons (having everything within reach 
when using the telephone). Lastly, the need for pleasantness is not related to the activities. 
This is reasonable, as this need is largely psychological. Thus, there are fewer relationships 
than expected. Apparently, most needs are important for all employees, regardless of their 
relative time spent on particular activities.  

7.1.3 Office concept  

It is also expected that office concept affects needs. The nature of this effect can be twofold. 
If an office concept violates these needs, they might become more important. On the other 
hand, it is also possible that employees adapt (see section 3.1), and then the importance of 
these needs might decrease. Office concept is a nominal variable with two groups 
(conventional and activity-based). Thus, t-tests are used to assess these relationships.  

Table 31: Bivariate analyses between office concept and needs (t-tests) 
 Comfort Territoriality Pleasantness Communication Privacy 

t-test t Sig t  Sig t Sig t Sig t Sig 

Office concept -2.186* 0.030 2.806** 0.005 -2.197* 0.029 1.564 0.119 3.514** 0.001 

Descriptives N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Conventional 158 -0.123 1.090 0.158 0.926 -0.124 1.038 0.089 0.973 0.196 0.935 

Activity-based 164 0.119 0.892 -0.152 1.047 0.119 0.950 -0.085 1.020 -0.189 1.027 

 
As can be seen in Table 32, office concept has considerable effect on the needs (even though 
needs are thought to be purely characteristics of the employee). The need for comfort is 
higher in activity-based offices. This can be interpreted as follows. In activity-based offices, 
the indoor climate is usually centrally controlled. Thus, in the large open spaces, the indoor 
climate cannot be influenced by the individual employee. This raises the awareness and the 
importance of this need. On the other hand, the need for territoriality and privacy are lower 
in activity-based offices, even though they are more easily violated in these offices. 
Apparently, employees in activity-based offices learn to cope with the lack of territoriality 
and privacy. The latter is also endorsed by Van der Voordt (2004). Employees in 
conventional offices are still used to this idea, and think that personalization and privacy are 
more important. An uncomfortable indoor climate, however, is less easy to cope with, 
explaining the difference. Furthermore, the need for pleasantness is higher in activity-based 
offices, which is likely. Autonomy and freedom in choice (the original variable that loads 
high on this factor) are particularly important in activity-based offices. Furthermore, the 
attention for relaxation is higher in activity-based offices (i.e. presence of informal areas; Joy 
& Haynes, 2011). Thus, employees in activity-based offices might be more aware of the 
importance of relaxation in the workplace, while employees in conventional offices are not 
used to this idea. The effect of office concept on communication is not significant. That is, 
this need is less easily violated by office concept; even in cell offices, communication is 
always possible. Nevertheless, office concept can facilitate communication, which is true for 
activity-based offices. Although not significant, the results do indicate that the need for 
communication is higher in conventional offices, probably due to this reason.  

7.2 Aspects that affect workspace use 

In section 6.3.2, the workspace use is presented, and a clear distinction between 
conventional and activity-based offices was identified. Furthermore, the results in section 
6.3.3 show that the workspace use may vary over different activities. Additionally, these 
results indicate that workspace use is not merely predicted by office concept and activities. 
Thus, personal differences and differences in needs might also be relevant. These 
relationships are highlighted in Figure 31 and discussed in this section.   
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7.2.1 Office concept 

The office concept is expected to largely determine the workspace use, simply because it 
determines the availability of the workspaces. Because both are nominal variables, Chi 
square tests are used to assess these relationships. The results of these tests confirm the 
expectations, as shown in Table 33. The use of all workspaces highly differs between the two 
office concepts.  

Table 32: bivariate analyses between office concept and use of workspaces (Chi square) 
 Office concept Chi square test 

Count  Conventional 
(n=158) 

Activity-based 
(n=164) 

χ² Sig 

Use of cell office No 61 (38.6%) 117 (71.3%) 34.879** 0.000 

Yes 97(61.4%) 47 (28.7%) 

Use of workstation in 
open space 

No 134 (84.8%) 14 (8.5%) 188.492** 0.000 

Yes 24 (15.2%) 150 (91.5%) 

Use of team offices No 106 (67.1%) 164 (100%) 64.370** 0.000 

Yes 52 (32.9%) 0 (0%) 

Use of concentration 
cells/silence room 

No 151 (95.6%) 98 (59.8%) 58.875** 0.000 

Yes 7 (4.4%) 66 (40.2%) 

Use of team/meeting 
table in open space 

No 117 (74.1%) 95 (57.9%) 9.302** 0.002 

Yes 41 (25.9%) 69 (42.1%) 

Use of enclosed 
meeting/project room 

No 85 (53.8%) 56 (34.1%) 12.625** 0.000 

Yes 73 (46.2%) 108 (65.9%) 

Use of other spaces No 100 (63.3%) 85 (51.8%) 4.325* 0.038 

Yes 58 (36.7%) 79 (48.2%) 

 
The number of respondents that use cell offices and team offices is higher in conventional 
offices. For team offices, this result is logical, because these offices are by definition not 
relevant for activity-based offices (this variable is also merely created for conventional 
offices, see Appendix 3). Cell offices are also prevailing in conventional offices, and therefore 
used by more employees in these offices. In activity-based offices, a large majority 
comprising 117 respondents do not use cell offices, even though they are generally present in 
these offices. Obviously, the use of workstations in open spaces is consequently much higher 
in activity-based offices. Only 14 respondents in conventional offices use workstations in 
open spaces, which indicates the low representation of open-plan offices in the sample.  

Team tables in open spaces and concentration cells are used to a larger extent in activity-
based offices. These types of workspaces are generally more common in activity-based 
offices, so this result is expected. However, meeting rooms are also used by relatively more 
respondents in activity-based offices, even though these workspaces are common in both 
office concepts. This might indicate that employees in conventional offices might use (a 
meeting table in) their own cell office for communication, or that employees in activity-
based also use meeting rooms for other purposes (e.g. concentration). Lastly, the use of 
other spaces is higher in activity-based offices. This result is also expected, as informal areas 
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Figure 31: aspects that are assumed to affect workspace use 
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– which are generally more common in activity-based offices – were included in this option. 
Thus, office concept considerably determines the workspace use.     

7.2.2 Activity patterns 

The use of workspaces should be also related to the activities, particularly in activity-based 
offices. The results described in section 6.3.3 also provide sufficient support for this 
assumption. In this section, these relationships are tested. Because the activities are interval 
variables and the workspace use concerns nominal variables, t-tests are used. 

Table 33: Bivariate analyses between activities and use of workspaces (t-tests) 
Time spent on: Concentration 

work 
Non-concentrated 

work 
Formal 

communication 
Informal 

communication 
Using telephone 

Use of:  t Sig t Sig t Sig t Sig t Sig 

Cell office 1.390 0.166 1.953 0.052 -1.121 0.263 -0.939 0.348 -2.579** 0.010 

Workstation in open space 0.122 0.903 -1.213 0.226 0.157 0.875 -1.075 0.283 1.198 0.232 

Team office -0.481 0.631 -0.749 0.454 -0.553 0.582 0.873 0.383 -0.073 0.942 

Concentration cell/ silence room 0.625 0.532 -1.856 0.064 -1.845 0.066 -2.530** 0.012 1.405 0.161 

Team/meeting table in open space 2.499* 0.013 -2.010* 0.045 -3.907** 0.000 -3.745** 0.000 1.435 0.153 

Enclosed meeting/ project room 2.169* 0.031 -3.461** 0.001 -3.589** 0.000 -3.454** 0.001 1.527 0.128 

Other spaces 1.821 0.070 -1.735 0.084 -1.613 0.108 -1.302 0.194 1.267 0.206 

 
The results are shown in Table 34. As can be seen, there are several significant relationships, 
but less than expected. The use of the individual workspaces (cell office, open space, team 
office) does not seem to be determined by activity much. This is reasonable, because these 
workspaces are assigned in conventional offices, so their use does not depend largely on the 
conducted activity. Moreover, in activity-based offices, it is assumable that many employees 
just take place somewhere in an open space. Only the positive relationship between the time 
spent on making telephone calls and the use of cell offices is significant, as shown in Table 
35. Thus, cell offices may provide the privacy needed for this activity. Moreover, the 
relationship between non-concentrated work and the use of a cell office is nearly significant. 
It is likely that cell offices are not used for activities that require less concentration.  

Table 34: descriptive statistics of the different groups in the t-tests regarding the effect of activities on 
workspace use 

Time spent on: 
Use of 

Concentration work Non-concentrated 
work 

Formal 
communication 

Informal 
communication 

Telephone calls 

Cell offices  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.452 0.237 0.168 0.130 0.168 0.102 0.056 0.056 0.073 0.067 

Yes  0.418 0.195 0.140 0.117 0.181 0.102 0.062 0.055 0.092 0.063 

Open space  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.438 0.209 0.146 0.125 0.175 0.101 0.055 0.054 0.086 0.064 

Yes  0.435 0.228 0.163 0.125 0.173 0.104 0.061 0.056 0.077 0.067 

Team office  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.434 0.219 0.153 0.127 0.172 0.103 0.059 0.055 0.081 0.004 

Yes  0.450 0.222 0.167 0.116 0.181 0.097 0.052 0.058 0.082 0.009 

Concentration cell  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.441 0.227 0.148 0.125 0.168 0.101 0.054 0.054 0.084 0.068 

Yes  0.423 0.192 0.179 0.123 0.194 0.103 0.073 0.059 0.072 0.057 

Team table  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.457 0.229 0.145 0.130 0.158 0.104 0.050 0.052 0.085 0.069 

Yes  0.397 0.193 0.174 0.113 0.205 0.092 0.074 0.059 0.074 0.059 

Meeting room  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.467 0.236 0.128 0.129 0.150 0.100 0.046 0.054 0.088 0.071 

Yes  0.413 0.203 0.176 0.118 0.192 0.100 0.068 0.055 0.076 0.061 

Other spaces  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No  0.456 0.230 0.145 0.130 0.166 0.102 0.055 0.056 0.085 0.066 

Yes  0.411 0.202 0.169 0.118 0.185 0.102 0.063 0.054 0.076 0.065 

 
The use of concentration cells unexpectedly relates to time spent on informal 
communication. A possible explanation could be that these employees know that they spend 
much time on informal communication, so they use concentration cells to avoid this when 
needed. The other results are not significant, but their direction is also unexpected. The use 
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of concentration cells is higher for people who spend more time on formal communication 
and non-concentrated work, while the use is less for people who spend more time on 
concentration work and making telephone calls. This is completely the opposite from the 
expectations, because concentration cells are usually used for concentration work and 
making telephone calls (see also section 6.3.3). Perhaps, these relationships are spurious, but 
this should be elucidated in the path analysis when the variables are simultaneously 
included.   

Furthermore, team/meeting tables in open spaces and enclosed meeting/project rooms are 
used more often by people who spent more time on both formal and informal 
communication. These findings are likely, because these workspaces are primarily intended 
for communication activities. Joy & Haynes (2011) also found that these workspaces are used 
for these two activities, although the combination of meeting rooms and informal 
communication is somewhat less common. Additionally, these two workspaces relate 
significantly to the time spent on individual concentration work and non-concentrated 
work. Employees that spend more time on concentration work make less use of these two 
workspaces. This is obvious, because meeting rooms are not intended for individual work, 
and team tables in open spaces might be too noisy. On the other hand, employees that 
spend more time on non-concentrated work make more use of these workspaces. The use of 
team tables for these activities is likely, because these employees might value some 
interaction with others during these activities. The use of meeting rooms for these activities 
is, however, less logical. Lastly, the use of other places (e.g. hallway, kitchen, break room) 
does not seem to be related to any activity. Appel-Meulenbroek (2010) claimed that these 
workspaces are particularly important for informal communication. Although the direction 
of this relationship is in line with this assumption, it is not significant.    

Overall, the effect of activities on workspace use is limited. In particular, the main 
workspaces, which are generally intended for individual use, do not seem to be used based 
on the activity. Two possible explanations are reasonable. First, in conventional offices, the 
workspaces are generally assigned and therefore not used based on the activity. Second, 
these results might indicate that the activity-based offices are not adequately used. For 
individual activities, employees seem to use the most obvious workspace to use, namely 
their own workplace in conventional offices or a workstation in an open space in activity-
based offices. On the other hand, the use of supporting workspaces (i.e. meeting rooms and 
tables) does seem to be related to the activities. This might be explained because they are 
generally common in both conventional and activity-based offices, and clearly intended for 
mainly one activity (communication). Additionally, these workspaces have sufficient 
capacity for these activities. Thus, employees are more likely to use these workspaces for 
these activities.  

7.2.3 Needs 

Furthermore, it is assumable that employees choose a workspace that fits their needs. In 
particular, when several types of workspaces are available and suitable for a specific activity, 
the eventual choice might depend on these needs. Because the workspace use concerns 
nominal variables and the needs are treated as interval variables, t-tests are used.   

Table 35: Bivariate analyses between needs and use of workspaces (t-tests) 
Need for Comfort Territoriality Pleasantness Communication Privacy  

Use of:  t Sig t Sig t Sig t Sig t Sig 

Cell office 1.927 0.055 -1.131 0.259 0.762 0.447 1.138 0.256 -1.863 0.063 

Workstation in open space -1.962 0.051 2.837** 0.005 -2.984** 0.003 0.683 0.495 2.862** 0.004 

Team office 0.227 0.821 -1.568 0.118 0.722 0.471 -1.500 0.135 -0.966 0.335 

Concentration cell/ silence room -1.553 0.121 3.447** 0.001 -2.342* 0.020 -0.370 0.712 1.714 0.087 

Team/meeting table in open space 2.472* 0.014 3.602** 0.000 -2.606** 0.010 -1.295 0.196 -1.153 0.250 

Enclosed meeting/ project room -0.818 0.414 3.769** 0.000 1.006 0.315 -1.078 0.282 0.117 0.907 

Other spaces -0,613 0.540 1.402 0.162 -1.815 0.071 -0.910 0.363 -1.382 0.168 
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Table 36 presents the results of these tests, and Table 37 shows the additional descriptive 
statistics (i.e. means of the different groups per test). As can be seen, the use of cell offices 
does not seem to rely on needs. The use of cell offices is higher for employees with a higher 
need for privacy, which is likely but this result is not significant. The use of the team office 
also does not seem to rely on needs. This finding is rather obvious. Team offices are only 
present in conventional offices, so employees primarily use them because they are simply 
their own, assigned workspaces. 

Table 36: Descriptive statistics of the different groups in the t-tests regarding the effect of needs on 
workspace use 

Need for: 
Use of 

Comfort Territoriality Pleasantness Communication Privacy  

Cell offices N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 178 0.096 0.933 -0.057 1.011 0.038 0.958 0.057 0.951 -0.093 0.962 

Yes 144 -0.119 1.069 0.070 0.986 -0.047 1.051 -0.070 1.057 0.115 1.037 

Open space N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 148 -0.118 1.111 0.170 0.899 -0.178 1.020 0.041 1.045 0.171 0.967 

Yes 174 0.100 0.886 -0.144 1.060 0.152 0.960 -0.035 0.961 -0.145 1.007 

Team office  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 270 0.006 0.994 -0.038 1.019 0.018 1.003 -0.037 1.004 -0.024 1.010 

Yes 52 -0.029 1.039 0.199 0.876 -0.092 0.986 0.190 0.969 0.123 0.947 

Concentration cell  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 249 -0.047 1.034 0.102 0.951 -0.070 0.990 -0.011 1.021 0.052 0.976 

Yes 73 0.159 0.862 -0.349 1.089 0.239 1.005 0.038 0.930 -0.176 1.065 

Team table  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 212 0.098 0.925 0.149 0.921 -0.103 1.003 -0.050 1.047 -0.046 0.988 

Yes 110 -0.189 1.110 -0.287 1.084 0.198 0.968 0.095 0.899 0.089 1.022 

Meeting room  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 141 -0.052 1.025 0.233 1.003 0.064 1.058 -0.068 1.015 0.007 0.984 

Yes 181 0.040 0.981 -0.182 0.962 -0.049 0.952 0.053 0.988 -0.005 1.015 

Other spaces  Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 185 -0.029 0.986 0.067 0.983 -0.087 1.048 -0.044 1.032 -0.066 0.948 

Yes 137 0.040 1.021 -0.091 1.019 0.117 0.922 0.059 0.955 0.089 1.063 

 
Various needs are, however, related to the use of workstations in open spaces: the need for 
privacy, the need for pleasantness, and the need for territoriality. Moreover, the need for 
comfort is nearly significant at the 5% level. A high need for privacy and a high need for 
territoriality are related to no use of workstations in open space. These findings are quite 
likely. On the other hand, a high need for comfort and a high need for pleasantness do seem 
to lead to the use of workstations in open spaces. It is, however, questionable whether the 
needs cause the workspace use in this context. It is namely noteworthy that these four 
relationships are similar to the relationships between office concept and needs (see section 
7.1.3). This is logical, because open spaces are almost exclusively used in activity-based 
offices, in sample of this study (see section 7.2.1). Thus, these relationships might also 
indicate the effect of the workspace on the needs, or they might be spurious. In the path 
analysis, the variables are simultaneously entered- including office concept - and the 
causality of the relationships is included, so the path analysis should point out whether 
these relationships are correct.  

The same goes for the use of concentration cells. These are also almost exclusively used in 
activity-based offices. The relationships are in the same directions as the relationships 
regarding workstations in open spaces and the activity-based office concept (section 7.1.3). 
Nevertheless, these findings can be interpreted. Employees that value freedom in choice 
(integrated in the need for pleasantness) might be more likely to use concentration cells. 
Similarly, employees with a high need for territoriality (i.e. space) might be likely to avoid 
concentration cells, because they are perhaps not spacious enough.  

Similarly, the relationship between the use of team/meeting tables and the need for 
territoriality and pleasantness are in the same direction. Nevertheless, a higher need for 
territoriality might lead to less use of team tables, because they cannot be ‘claimed’. 
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Furthermore, team tables might be used more by people that value freedom in choice. On 
the other hand, the relationship between the need for comfort and the use of team tables is 
in the other direction. As can be seen in Table 37, employees with a higher need for comfort 
make less use of these workspaces. Perhaps, the comfort or adjustability of the furniture on 
these workspaces is lower, so they are avoided by employees with a high need for comfort.  

Moreover, the use of meeting rooms is only significantly related to the need for territoriality. 
A possible explanation could be that employees with a higher need for territoriality choose 
their own workspace for communication activities, instead of meeting rooms. Lastly, the use 
of other spaces is not significantly related to any need, although the relationship with the 
need for pleasantness is nearly significant at the 5% level. This need also covers relaxation, 
and break rooms were added as other spaces. Thus, this relationship is quite likely.  

Overall, the relationships found between needs and workspace use and the causality of them 
are questionable. In particular, the relationships regarding workspaces that are used to a 
larger extent in activity-based offices show much resemblance with the effects of the 
activity-based office concept itself on needs. Thus, it is likely that these relationships are 
spurious. It is expected that these relationships will alter when the variable office concept 
itself is included. Thus, these relationships need extra attention in the path analysis.    

7.2.4 Personal characteristics 

Lastly, the personal characteristics can directly affect workspace use, thus not indirectly 
through needs. These effects are discussed next.  

Table 37: bivariate analyses between personality traits and workspace use (t-tests) 
 Extraversion Agreeableness Conscientiousness Emotional 

stability 
Openness  

Use of:  t Sig t Sig t Sig t Sig t Sig 

Cell office 0.366 0.715 -1.423 0.156 -0.464 0.643 -1.254 0.211 -0.144 0.886 

Workstation in open space 2.173* 0.031 1.500 0.135 0.916 0.361 0.433 0.665 0.853 0.394 

Team office -1.405 0.161 0.833 0.405 -0.440 0.661 0.276 0.783 -0.538 0.591 

Concentration cell/ silence room 0.899 0.369 1.756 0.080 2.082* 0.038 -1.396 0.164 -1.376 0.170 

Team/meeting table in open space -1.098 0.273 -1.218 0.224 1.463 0.144 -1.346 0.179 -0.828 0.408 

Enclosed meeting/ project room 0.664 0.507 -0.335 0.738 1.432 0.153 -1.188 0.236 -0.246 0.805 

Other spaces 1.070 0.285 -0.593 0.554 -0.186 0.853 -0.699 0.485 0.770 0.442 

 
The relationship between the personality traits and workspace use is shown in Table 38. 
There is a significant relationship between the use of workstations in open spaces and 
extraversion, but its direction is unexpected. The positive t-value implies that employees 
that use workstations in open spaces are more introvert. This is not in line with the 
expectations. Oseland (2009) argues that extraverts value being among people, thus it was 
more likely that these employees spend more time in open spaces. Furthermore, the 
significant relationship between conscientiousness and the use of a concentration cell is 
somewhat unexpected. The positive t-value indicates that the employees that use 
concentration cells are somewhat less organized and dependable. Perhaps, the more 
dependable employees can also work adequately without the use of concentration cells.   

Table 38: bivariate analyses between age and tenure and use of workspaces (t-tests) 

 Age Tenure 

t Sig t Sig 

Cell office -2.380* 0.018 -1.638 0.103 

Workstation in open space 2.092* 0.037 2.923** 0.004 

Team office 0.221 0.826 -1.204 0.229 

Concentration cell/ silence room 0.961 0.337 1.128 0.260 

Team/meeting table in open space 0.780 0.436 0.443 0.658 

Enclosed meeting/ project room -1.010 0.313 1.129 0.260 

Other spaces -0.645 0.519 1.082 0.280 

 
Age and tenure also have limited effect on workspace use, as shown in Table 39. There is, 
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however, a clear distinction between the use of cell offices and the use of workstations in 
open space. Workstations in open space are used less by older employees and employees 
that have been working for a longer period at the organization. The use of cell offices, on the 
other hand, is significantly higher for older employees. There are two reasonable causes for 
these relationships. First, in conventional offices, older employees might also have better 
positions. Therefore, these employees have an assigned workspace in a cell office, which has 
been convention for a long time (e.g. Stallworth & Kleiner, 1996). Second, older employees in 
activity-based offices might also be more likely to choose cell offices to work in. They could 
simply be used to this idea, or avoid open spaces due to the noise or lack of privacy.  

Table 39: bivariate analyses between educational level and job rank and use of workspaces (Chi square) 
 Educational level Chi square test Job rank Chi square test 

Count  Low & 
moderate 

(n=92) 

High 
(n=230) 

χ² Sig Low 
(n=32) 

Moderate 
(n=258) 

High 
(n=32) 

χ² Sig 

Use of cell office No 48 (52.2%) 130 (56.5%) 0.502 0.478 19 (59.4%) 146 (56.6%) 13 (40.6%) 3.176 0.204 

Yes 44 (47.8%) 100 (43.5%) 13 (40.6%) 112 (43.3%) 19 (59.4%) 

Use of workstation in 
open space 

No 50 (54.3%) 98 (42.6%) 3.646 0.056 13 (40.6%) 120 (46.5%) 15 (46.9%) 0.409 0.815 

Yes 42 (45.7%) 132 (57.4%) 19 (59.4%) 138 (53.5%) 17 (53.1%) 

Use of team offices No 74 (80.4%) 196 (85.2%) 1.110 0.292 28 (87.5%) 212 (82.2%) 30 (93.8%) 3.168 0.205 

Yes 18 (19.6%) 34 (14.8%) 4 (12.5%) 46 (17.8%) 2 (6.3%) 

Use of concentration 
cells/silence room 

No 84 (91.3%) 165 (71.7%) 14.349 
** 

0.000 30 (93.8%) 199 (77.1%) 20 (62.5%) 8.942* 0.011 

Yes 8 (8.7%) 65 (28.3%) 2 (6.3%) 59 (22.9%) 12 (37.5%) 

Use of team/meeting 
table in open space 

No 70 (76.1%) 142 (61.7%) 6.015* 0.014 23 (71.9%) 170 (65.9%) 19 (59.4%) 1.113 0.573 

Yes 22 (23.9%) 88 (38.3%) 9 (28.1%) 88 (34.1%) 13 (40.6%) 

Use of enclosed 
meeting/project room 

No 63 (68.5%) 78 (33.9%) 31.897 
** 

0.000 18 (56.3%) 117 (45.3%) 6 (18.8%) 10.424 
** 

0.005 

Yes 29 (31.5%) 152 (66.1%) 14 (43.7%) 141 (54.7%) 26 (81.3%) 

Use of other spaces No 57 (62.0%) 128 (55.7%) 1.068 0.301 21 (65.6%) 144 (55.8%) 20 (62.5%) 1.491 0.474 

Yes 35 (38.0%) 102 (44.3%) 11 (34.4%) 114 (44.2%) 12 (37.5%) 

 
Table 40 shows the effect of job rank and educational level on the use of workspaces. 
Because these relationships concern only nominal variables, Chi square tests are conducted. 
As can be seen, the effects are not significant for the individual workspaces. The use of cell 
offices is higher for high job ranks though, which is particularly likely for conventional 
offices (Stallworth & Kleiner, 1996), but this relationship is not significant either. The use of 
activity-based workspaces, however, does relate to both educational level and job rank. 
Concentration cells, team tables and meeting rooms seem to be used more by highly 
educated people. These employees might have jobs that simply require the use of meeting 
rooms and concentration cells. This assumption is also confirmed by job rank. Only few 
respondents with low job ranks use concentration cells. This finding is likely, because this 
group comprises secretaries and receptionists. Meeting rooms are used by nearly all 
employees with a high job rank, resulting in a significant difference. This finding is also 
likely, because it is assumable that these employees have more (confidential) meetings.  

Table 40: Bivariate analyses between gender and external mobility and use of workspaces (Chi square) 
 Gender Chi square test External mobility Chi square test 

Count  Male 
(n=195) 

Female 
(n=127) 

χ² Sig Low 
(n=161) 

High 
(n=161) 

χ² Sig 

Use of cell office No 110 (56.4%) 68 (53.5%) 0.256 0.613 98 (60.9%) 80 (59.7%) 4.070* 0.044 

Yes 85  (43.6%) 59 (46.5%) 63 (39.1%) 81 (50.3%) 

Use of workstation in 
open space 

No 89 (45.6%) 59 (46.6%) 0.021 0.886 69 (42.9%) 79 (49.1%) 1.250 0.263 

Yes 106 (54.4%) 68 (53.5%) 92 (57.1%) 82 (50.9%) 

Use of team offices No 161 (82.6%) 109 (85.8%) 0.605 0.437 133 (82.6%) 137 (85.1%) 0.367 0.545 

Yes 34  (17.4%) 18 (14.2%) 28 (17.4%) 24 (14.9%) 

Use of concentration 
cells/silence room 

No 144 (73.8%) 105 (82.7%) 3.421 0.064 128 (79.5%) 121 (75.2%) 0.868 0.425 

Yes 51 (26.2%) 22 (17.3%) 33 (20.5%) 40 (24.8%) 

Use of team/meeting 
table in open space 

No 121 (62.1%) 91 (71.7%) 3.153 0.076 118 (73.3%) 94 (58.4%) 7.953** 0.005 

Yes 74 (37.9%) 36 (28.3%) 43 (26.7%) 67 (41.6%) 

Use of enclosed 
meeting/project room 

No 81 (41.5%) 60 (47.2%) 1.017 0.313 77 (47.6%) 64 (39.8%) 2.132 0.144 

Yes 114 (58.5%) 67 (52.8%) 84  (52.2%) 97 (60.2%) 

Use of other spaces No 115 (59.0%) 70 (55.1%) 0.468 0.494 90 (55.9%) 95 (59.0%) 0.318 0.573 

Yes 80 (41.0%) 57 (44.9%) 71 (44.1%) 66 (41.0%) 
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Lastly, table 41 shows that gender does not significantly relate to workspace use, although 
concentration cells and team tables seem to be slightly more used by male employees. On 
the other hand, mobility does seem to affect workspace use. Mobile employees make 
significantly more use of team tables in open spaces and cell offices. The use of team tables 
might be higher for mobile employees for social reasons (Venezia & Allee, 2007; CBRE, 2011). 
The higher use of cell offices for mobile employees was not expected. Nevertheless, it is 
likely that they still value some enclosure for privacy or concentration. That is, they might 
be present at the office for individual work only, because their communication activities are 
particularly conducted at external locations. However, this reasoning is not in line with 
CBRE (2011), who claim that mobile employees can also conduct concentration work at 
home. Nevertheless, it is assumable that these employees cannot fully concentrate at home, 
and thus want to come to the office for this purpose.   

7.3 Aspects that affect satisfaction with the support of needs 

All the preceding variables are expected to affect satisfaction with the support of needs (or at 
least, several variables of each group). These relationships are highlighted in Figure 32. 
Obviously, only the direct relationships are tested here. First, the variables of the supply side 
are discussed (office concept and workspace use). Subsequently, the effects of personal 
characteristics and needs are addressed.     

7.3.1 Office concept 

The relationship between office concept and satisfaction has received much attention in the 
literature, and is in essence also the aim of this study. As discussed in Chapter 6, this study 
compares merely activity-based offices with conventional offices. The conventional offices 
largely comprise individual and shared cell offices and team offices, thus mainly enclosed 
offices (only 5 respondents in open-plan offices). The distinction between conventional and 
activity-based offices – which are largely open environments - is consequently large. In 
section 6.5.1, it has been shown that the original satisfaction variables differ between these 
two office concepts. In this section, the significance of these differences is tested, though 
using the new variables derived from the factor analysis (section 6.5.2). 

Table 41: Bivariate analyses between office concept and satisfaction with the support of needs (t-tests) 
Satisfaction with Regulation of 

interaction 
Indoor climate Pleasantness Influence Functionality 

t-test t Sig t  Sig t Sig t Sig t Sig 

Office concept 0.028 0.978 2.033* 0.043 -5.736** 0.000 5.510** 0.000 1.739 0.083 

Descriptives N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Conventional 158 0.002 1.039 0.115 0.988 -0.311 0.893 0.299 0.819 0.098 0.907 

Activity-based 164 -0.002 0.964 -0.111 1.002 0.299 1.009 -0.288 1.073 -0.095 1.076 

 
Table 42 shows the results of these t-tests, of which two are not significant. The effect of 
office concept on satisfaction with the regulation of interaction is not significant at all, 
which is highly unexpected. That is, this factor largely concerns privacy and concentration, 
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Figure 32: Aspects that are assumed to affect satisfaction with the support of needs 
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which are known to be common disadvantages of activity-based offices (e.g. Pullen, 2011).  
Gorgievski et al. (2010), for example, conducted a POE on an activity-based environment and 
found that there were complaints regarding privacy and concentration. Appel-Meulenbroek 
et al. (2015a) compared the NewWoW with traditional working, and also found that 
satisfaction with privacy was higher in traditional offices. Similarly, De Been & Beijer (2014) 
found that concentration and privacy was highest in cell offices, compared to combi offices 
and activity-based offices. A numerical explanation could be that this factor also includes 
communication. The original scores for privacy and concentration were lower in activity-
based offices, but satisfaction with communication was higher (see section 6.5.1). A 
theoretical explanation might be that the conventional offices also include team offices, 
which are shown to be less satisfying (Bodin-Danielsson & Bodin, 2008). On the other hand, 
activity-based offices generally have concentration cells, which are beneficial for privacy and 
concentration. Thus, the finding that the activity-based concept scores equally high might 
indicate that the offices in this sample have an adequate balance between different 
workspaces.   

The significant relationships are as expected. Satisfaction with indoor climate is significantly 
higher in conventional offices. This finding is in line with De Been & Beijer (2014). 
Satisfaction with indoor climate is generally lower in open office environments (e.g. Kim & 
de Dear, 2013), although Appel-Meulenbroek et al. (2015a) found that satisfaction with the 
indoor climate was higher for NewWoW respondents. Furthermore, satisfaction with 
influence was higher in conventional offices. This is expected, because these needs are 
violated in non-territorial, activity-based offices (e.g. Van der Voordt, 2004; Brunia & 
Hartjes-Gosselink, 2009). In conventional offices, employees can express their identity and 
status more easily (Hills & Levy, 2014; Stallworth & Kleiner, 1996). On the other hand, 
satisfaction with pleasantness is higher in activity-based offices. As described in section 6.5.1, 
these aspects (i.e. aesthetics, autonomy, relaxation) receive more attention in the activity-
based offices (e.g. Van der Voordt, 2004; Van der Voordt & d'Ancona, 2013). Satisfaction with 
functionality does not differ significantly, but is higher in conventional offices. This finding 
is also likely, because this aspect also concerns space and storage space. Appel-Meulenbroek 
et al. (2015a) found that this difference was significant, using a larger sample. Thus, office 
concept – as expected – has a large effect on satisfaction. Still, the differences between cell 
offices and team offices are not covered by this variable, but are expected to be indicated by 
workspace use, as discussed next.  

7.3.2 Workspace use 

The workspace use variables are important for two reasons. First, they concern the 
specification of conventional office concepts. Second, they indicate whether the adequate 
use of activity-based offices also leads to differences in satisfaction. Table 43 shows the 
results of the t-tests between workspace use and satisfaction. Table 44 shows the descriptive 
statistics regarding these tests. 

Table 42: Bivariate analyses between workspace use and satisfaction with the support of needs (t-tests) 
 Regulation of 

interaction 
Indoor climate Pleasantness Influence Functionality  

Use of:  t Sig t Sig t Sig t Sig t Sig 

Cell office -4.095** 0.000 -1.305 0.193 2.151* 0.032 -0.725 0.469 0.847 0.398 

Workstation in open space 0.621 0.535 2.627** 0.009 -5.226** 0.000 3.952** 0.000 1.523 0.129 

Team office 4.341** 0.000 -1.033 0.303 1.490 0.137 -3.555** 0.000 -2.331* 0.020 

Concentration cell/ silence room -2.224* 0.027 1.252 0.211 -4.246** 0.000 2.568* 0.000 -0.452 0.652 

Team/meeting table in open space 0.541 0.589 0.275 0.783 -2.935** 0.004 -0.249 0.803 1.087 0.278 

Enclosed meeting/ project room -2.233* 0.026 1.269 0.205 -1.981* 0.048 1.690 0.092 -0.548 0.584 

Other spaces -0.287 0.774 1.834 0.068 -2.844** 0.005 0.634 0.526 0.621 0.535 

 
As can be seen, the satisfaction with regulation of interaction (e.g. privacy) is significantly 
affected by workspace use. The satisfaction with this aspect is higher for employees that use 
cell offices, and lower for people that use team offices. Thus, these results might explain why 
there was no significant effect of office concept on this aspect. Cell offices are most satisfying 
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for this aspect, which is in line with the studies of De Been & Beijer (2014) and Kim & de 
Dear (2013). However, team offices are quite negative for this aspect. Bodin & Bodin-
Danielsson (2008) explains that employees in team offices have little space to seek for 
privacy, which supports the finding in this study. Thus, this large difference between cell 
offices and team offices might explain why conventional offices, on average, did not score 
higher on this aspect (see section 7.3.1). Furthermore, the use of concentration cells and 
meeting rooms is positive for satisfaction with the regulation of interaction. These findings 
are particularly interesting for activity-based offices. An adequate use of this concept might 
therefore be beneficial for satisfaction. Enclosed meeting rooms facilitate communication, 
but also provide privacy needed for confidential communication.   

Table 43: Descriptive statistics of the different groups in the t-tests regarding the effect of workspace use 
on satisfaction with the support of needs 

Satisfaction with 
Use of 

Regulation of 
interaction 

Indoor climate Pleasantness Influence Functionality 

Cell offices N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 178 -0.198 1.020 -0.065 1.017 0.107 1.018 -0.036 0.986 0.042 1.030 

Yes 144 0.245 0.921 0.081 0.976 -0.133 0.964 0.044 1.019 -0.053 0.963 

Open space N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 148 0.038 1.028 0.156 0.915 -0.304 0.880 0.234 0.867 0.092 0.922 

Yes 174 -0.032 0.978 -0.132 1.052 0.258 1.025 -0.199 1.063 -0.078 1.058 

Team office N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 270 0.103 0.961 -0.025 1.007 0.036 1.018 -0.085 1.013 -0.057 1.015 

Yes 52 -0.537 1.036 0.131 0.959 -0.189 0.885 0.443 0.799 0.294 0.870 

Concentration cell N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 249 -0.067 1.006 0.038 0.999 -0.125 0.991 0.077 0.938 -0.014 0.981 

Yes 73 0.227 0.952 -0.129 1.001 0.426 0.915 -0.262 1.158 0.047 1.067 

Team table N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 212 0.022 0.999 0.011 1.033 -0.116 0.968 -0.010 1.016 0.044 0.975 

Yes 110 -0.042 1.005 -0.021 0.937 0.224 1.026 0.019 0.973 -0.084 1.046 

Meeting room N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 141 -0.142 1.065 0.080 1.005 -0.125 1.032 0.106 0.929 -0.034 0.922 

Yes 181 0.111 0.934 -0.062 0.994 0.097 0.967 -0.083 1.047 0.027 1.059 

Other spaces N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

No 185 -0.014 1.023 0.088 0.993 -0.135 0.939 0.030 1.008 0.030 0.986 

Yes 137 0.019 0.972 -0.118 1.000 0.182 1.054 -0.041 0.991 -0.040 1.021 

 
Employees in team offices, however, are more satisfied with influence and functionality. This 
relationship was not significant for cell offices. A possible explanation is that team offices are 
exclusively used in conventional offices, where these needs are more easily met. Cell offices 
are also used in activity-based offices. Moreover, it could also be possible that employees in 
team offices are more satisfied with the possibility of personalization (i.e. influence), 
because of the lack of physical privacy. Indeed, marking your territory is strongly related to 
(psychological) privacy (Van der Voordt & Van Meel, 2002), so the possibility to do this 
might be valued more when the physical privacy is lower. On the other hand, Satisfaction 
with influence is lower for employees that use workstations in open spaces and 
concentration cells. Obviously, these are generally employees from activity-based offices, so 
it is likely that these employees are less satisfied with influence, due to the clean desk policy.  

Furthermore, almost all workspaces are related to satisfaction with pleasantness. The use of 
workstations in open spaces, concentration cells, team tables, meeting rooms and other 
spaces is beneficial for satisfaction with pleasantness. This is logical, because these 
workspaces are more commonly used in activity-based offices, and satisfaction with this 
aspect was higher in activity-based offices. Thus, these results can easily be explained. 
Employees that make use of these workspaces, value the availability of them and their 
freedom in choice. Furthermore, the use of other spaces could concern break rooms or 
informal rooms, which are beneficial for relaxation. Relaxation and freedom in choice are 
largely covered by this score, so the results are quite reasonable. On the other hand, 
employees in cell offices are least satisfied with pleasantness. This finding is largely 
expected, because these offices are commonly used in conventional offices. Lastly, the 
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satisfaction with the indoor climate is significantly lower for employees using workspaces in 
open spaces. This is in line with previous studies (e.g. Kim & de Dear, 2013; see also section 
7.3.1). Thus, these relationships are generally expected and logical, but also show large 
resemblance with the effects of office concept on satisfaction with these aspects. In the path 
analysis, both office concept and the workspaces are entered, so it is interesting to see which 
relationships remain significant.  

7.3.3 Needs 

Although the relationship between needs and satisfaction may seem somewhat abstract 
without considering the supply side, these relationships can indeed be logical and 
meaningful. Following the ideas of Lee (2006), higher needs are more difficult to fulfil, hence 
leading to lower satisfaction. In particular, because there is a strong analogy between the 
needs and the satisfaction scores, these relationships are meaningful. Thus, in particular, 
negative relationships are expected. Both the needs and the satisfaction variables are treated 
as interval variables, so Pearson correlations are calculated. 

Satisfaction with: Regulation of 
interaction 

Indoor climate Pleasantness Influence Functionality 

Need: r Sig r Sig r Sig r Sig r Sig 

Comfort -0.013 0.820 -0.177** 0.001 -0.073 0.190 -0.071 0.201 0.041 0.462 

Territoriality -0.074 0.187 0.026 0.640 -0.003 0.959 -0.002 0.967 -0.292** 0.000 

Pleasantness, recognition -0.083 0.137 0.024 0.662 0.124* 0.026 0.057 0.312 -0.008 0.886 

Communication 0.116* 0.038 0.095 0.087 -0.015 0.784 0.099 0.076 0.098 0.079 

Privacy -0.140* 0.012 -0.067 0.233 -0.110* 0.048 0.003 0.962 0.093 0.097 

Table 44: bivariate relations between needs and the satisfaction with the support of needs (Pearson) 

The results are shown in Table 45.  There are several significant relationships between needs 
and satisfaction, and most of them are negative. There is a significant relationship between 
the need for comfort and satisfaction with the indoor climate. This is in line with the 
expectations. If the need for comfort is higher, it is more likely that the indoor climate does 
not satisfy that need sufficiently. Similarly, a higher need for privacy is related to lower 
satisfaction with the regulation of social interaction. Thus, employees that value privacy and 
concentration seem to be less satisfied about the possibilities to regulate their privacy. There 
is also a significant, though positive, relationship between the need for communication and 
satisfaction with the regulation of social interaction. Apparently, the work environments (in 
the sample) are in general beneficial for communication, and thus satisfying for employees 
who value communication. This supports the notion that the same work environments are 
less satisfying for employees who value privacy. The need for privacy also leads to less 
satisfaction with pleasantness (e.g. relaxation, autonomy and freedom in choice). This 
relationship was not expected, but it is likely. Employees with a high need for concentration 
might be less satisfied with the freedom in choice if there are not sufficient possibilities to 
use spaces that satisfy this need (i.e. concentration cells). Furthermore, people with a high 
need for concentration might also need to be able to relax, in order to make fewer mistakes 
(Jahncke, et al., 2011). The satisfaction with pleasantness is, however, higher for employees 
with a higher need for pleasantness. This relationship can be explained that the activity-
based office concept not only raises this need (see section 7.1.3), but is also more satisfying 
towards this need (see section 7.3.1). This relationship might therefore be spurious. Lastly, 
there is a significant, negative correlation between the need for territoriality and the 
satisfaction with functionality. This aspect also covers space (see section 6.5.2). Thus, this 
also is a logical relationship. On the other hand, there is no relationship between the need 
for territoriality and the satisfaction with identity expression. This implies that the need for 
territoriality in essence concerns space needs. Personalization thus might be subordinate, or 
perhaps has a moderating effect. This is not tested in this study.  

Thus, even though there are no references to the work environment, these relationships are 
meaningful, logical, and easy to interpret. For the causality in the path analysis, it is assumed 
that the needs affect satisfaction. Dissatisfaction with a specific aspect might also increase 
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the awareness of a need (e.g. Heijs, 2003), but this is less plausible. The actual need precedes 
(dis)satisfaction, even though the awareness of that need can increase after dissatisfaction.  

7.3.4 Personal characteristics 

The direct effects of personal characteristics on the satisfaction variables are quite limited, as 
can be seen in Table 46 and 47. Age, educational level and external mobility do not have any 
effect. Satisfaction with furniture is somewhat higher for highly educated employees, which 
could indicate that they simple have better furniture or more space (in conventional offices). 
However, this effect is not significant. Job rank, on the other hand, has a significant effect on 
satisfaction with the regulation of social interaction. The post-hoc Tukey test indicates that 
there is a significant difference between highly ranked and moderately ranked employees. 
For higher ranks, the satisfaction with the regulation of interaction is higher. A possible 
explanation might be that highly ranked employees in conventional offices generally have 
(individual) cell offices (Hills & Levy, 2014), which are most beneficial for this aspect. 
Furthermore, tenure has a positive effect on satisfaction with the indoor climate, which is 
hard to interpret. Perhaps, these people have learned to cope with the indoor climate over 
the years, or they might have experienced worse, thus they are less negative towards their 
current situation. Tenure also has a negative effect on satisfaction with the regulation of 
social interaction, which is even harder to interpret. On the other hand, the significant effect 
of gender on satisfaction with indoor climate - with female employees being less satisfied – is 
expected. It is generally acknowledged that women are more frequently dissatisfied with 
indoor climate (Karjalainen, 2007+2012). There is also some noticeable effect of gender on 
satisfaction with furniture, influence, and pleasantness, but these effects are not significant. 
No theoretical support for these relationships have been found either in previous research. 

Table 45: bivariate analyses between personal characteristics and satisfaction with the support of needs 
(Pearson, t-test, ANOVA) 

 Regulation of 
interaction 

Indoor climate Pleasantness Influence Functionality 

Pearson: r Sig r Sig r Sig r Sig r Sig 

Age -0.008 0.887 0.056 0.317 0.020 0.725 -0.036 0.526 -0.079 0.159 

Tenure -0.120* 0.031 0.130* 0.019 -0.004 0.943 -0.019 0.732 -0.006 0.908 

Extraversion -0.004 0.941 -0.017 0.767 0.045 0.417 0.071 0.204 -0.007 0.896 

Agreeableness 0.143** 0.010 0.093 0.097 -0.049 0.378 0.019 0.737 0.112* 0.044 

Conscientiousness 0.094 0.092 -0.173** 0.002 0.063 0.261 0.035 0.536 0.027 0.623 

Emotional stability 0.180** 0.001 -0.035 0.530 0.029 0.607 0.071 0.205 0.001 0.980 

Openness 0.046 0.410 -0.017 0.759 0.037 0.508 0.034 0.543 0.100 0.074 

t-test: t Sig t Sig t Sig t Sig T Sig 

Gender -0.617 0.537 2.221* 0.027 1.789 0.075 -1.517 0.130 -1.031 0.303 

Educational level -0.931 0.353 0.624 0.533 0.253 0.800 0.829 0.407 -1.401 0.162 

Mobility (dummy) 1.200 0.231 -0.744 0.458 1.258 0.209 -1.669 0.096 0.884 0.377 

ANOVA: F Sig F Sig F Sig F Sig F Sig 

Job rank 5.029** 0.007 0.055 0.946 0.848 0.429 0.585 0.558 0.269 0.764 

 
Table 46:  Descriptive statistics of the different groups in the t-tests and ANOVA regarding the effect of 
workspace use on satisfaction with the support of needs 

Satisfaction with Regulation of 
interaction 

Indoor climate Pleasantness Influence Functionality 

Gender N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Male 195 -0.028 1.055 0.099 1.001 0.080 1.023 -0.063 1.118 -0.046 -0.976 

Female 127 0.043 0.911 -0.152 0.983 -0.123 0.955 0.097 0.779 0.071 1.035 

Educational level N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Low & Moderate 92 -0.082 1.009 0.055 0.975 0.022 0.969 0.073 0.949 -0.123 0.943 

High 230 0.033 0.997 -0.022 1.011 -0.009 1.014 -0.029 1.020 0.049 1.019 

Mobility N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Low 161 0.067 0.952 -0.041 1.034 0.070 1.000 -0.093 0.975 0.049 0.962 

High 161 -0.067 1.044 0.041 0.966 -0.070 0.998 0.093 1.019 -0.049 1.038 

Job rank N Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Low 32 0.091 0.805 0.046 0.921 0.199 1.006 -0.004 0.664 0.013 1.13 

Moderate 258 -0.074 1.025 -0.009 1.011 -0.033 1.013 0.023 0.984 -0.017 0.983 

High 32 0.504 0.822 0.026 1.014 0.067 0.884 -0.180 1.358 0.120 1.023 
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Some personality traits also have significant effects that were not expected. Agreeableness is 
positively related to satisfaction with the regulation of interaction and functionality. These 
employees rate themselves as more sympathetic. Thus, they might be less disturbed by 
communication and less space (covered by functionality), resulting in less dissatisfaction 
with these aspects. On the other hand, conscientiousness is negatively related to satisfaction 
with the indoor climate. This is line with the result regarding the need for comfort (see 
section 7.1.1). More serious, hard-working employees may be more easily dissatisfied with the 
indoor climate when it hinders their productivity. Lastly, emotional stability is significantly 
related to satisfaction with the regulation of social interaction. The environmental stress 
theory might support this finding (Bell, et al., 2001c, see section 3.1): People with less 
emotional stability assumably have more internal stressors, and thus are more easily stressed 
by external stimuli. Thus, this might indicate why they are less satisfied with their privacy, 
because they can cope relatively less with external stimuli. 

 7.3.5 Activity patterns 

The activity patterns are also assumed to affect satisfaction directly. For example, De Been & 
Beijer (2014) found significant – though small- relationships of the amount of concentration 
work and communication work on satisfaction with several aspects. In this study, however, 
all relationships between activities and the satisfaction scores are insignificant, as shown in 
Table 48. The effects of activities on needs were also below expectation in this study, so it 
was expected that there would be few or no direct effects on satisfaction.  

Table 47: Bivariate analyses between activities and satisfaction with the support of needs (Pearson) 
Satisfaction with Regulation of 

interaction 
Indoor climate Pleasantness Influence Functionality  

Time spent on: r Sig r Sig r Sig r Sig r Sig 

Concentration work -0.046 0.410 -0.021 0.703 -0.084 0.133 0.018 0.752 0.070 0.211 

Non-concentrated work -0.011 0.841 -0.001 0.988 0.100 0.077 0.019 0.737 -0.037 0.518 

Formal communication 0.035 0.538 -0.038 0.514 0.010 0.860 0.048 0.407 -0.086 0.133 

Informal communication 0.039 0.488 -0.001 0.992 0.020 0.723 0.015 0.790 -0.028 0.614 

Telephone calls -0.102 0.074 0.038 0.509 -0.019 0.741 0.024 0.677 -0.-56 0.331 

7.4 Aspects that affect overall satisfaction and perceived productivity 

In this section, only the effect of the satisfaction with the support of needs on overall 
satisfaction is tested. Of the other variables, the direct relationships are less meaningful, 
because it is assumed that they generally have an indirect effect (through satisfaction with 
the support of needs). These relationships are visualized in Figure 33. 

Table 49 shows these relationships. Because all variables are treated as interval variables, 
Pearson correlations are used. As can be seen, most relationships are significant. The 
satisfaction with the regulation of social interaction (i.e. concentration, privacy, 
communication) has the highest r-value of 0.486, indicating that this is most important for 

Satisfaction with 
support of needs 

Overall 
satisfaction with 

work 
environment 

Perceived 
productivity 

Office concept 

Personal characteristics & 
activity patterns 

Employee needs 

Workspace use 

Figure 33: The assumed relationship between satisfaction and productivity 
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overall satisfaction. This is also in line with the self-reported importance of these aspects 
(see section 6.4.2), which demonstrated that the need for concentration was most 
important. Satisfaction with pleasantness, indoor climate, and functionality are also 
significantly related to overall satisfaction. Of these four significant relationships, 
satisfaction with the indoor climate has the lowest r-value. Thus, this effect is smaller than 
the effect of satisfaction with pleasantness. This is quite surprising, because the indoor 
climate is generally perceived as one of the most important aspects of the work environment 
(also in this study, see section 6.4.2). In particular because satisfaction with this aspect was 
lowest (see section 6.5.1), this finding is hard to explain. On the other hand, the satisfaction 
with influence is not significantly related to overall satisfaction, which is also in line with the 
previous discussed results in this study (i.e. the need for status expression and 
personalization were regarded as least important by the respondents).  

Table 48: The bivariate analyses between satisfaction with the support of needs, overall satisfaction, and 
perceived productivity (Pearson) 

 Overall satisfaction Perceived productivity 

Satisfaction with r Sig r Sig 

Regulation  of interaction 0.486** 0.000   

Indoor climate  0.134* 0.016   

Pleasantness 0.163** 0.003   

Influence 0.069 0.215   

Functionality  0.187** 0.001   

Overall satisfaction   0.493** 0.000 

 
Furthermore, there is a significant correlation between overall satisfaction with the work 
environment and perceived productivity of 0.493. This is in line with the expectations, based 
on previous research (e.g. Haynes, 2008b; Khamkanya, Heaney, & McGreal, 2012; Lee & 
Brand, 2005). Khamkanya, Heaney & McGreal (2012, p. 89), for example, found a somewhat 
higher correlation of 0.57 between overall satisfaction with the work environment and 
perceived productivity. Thus, this study supports the notion that satisfaction and 
productivity are related. Aspects that are beneficial for satisfaction, might therefore also be 
beneficial for productivity. Perceived productivity is therefore not included in the path 
analysis (Chapter 8), to reduce the complexity of the model.  

7.5 Conclusion 

In this chapter, the bivariate analyses regarding the direct effects of the conceptual model 
are discussed. Therefore, this chapter does not yet answer the problem statement, because 
the simultaneous direct and indirect effects are not tested with these analyses. Nevertheless, 
the bivariate analyses are an important starting point for the path analysis. Table 50 
summarizes the findings discussed in this chapter. As can be seen, there is a large number of 
relationships. In particular, the effects of the supply side are considerable, strong, and in line 
with previous research and the expectations. That is, the effects of office concept and 
workspace use on satisfaction are clear and likely, but also the effect of office concept on the 
needs and subsequently of the needs on satisfaction. The bivariate analyses provide 
considerable support for the assumption that the office concept affects satisfaction also 
indirectly through needs. Furthermore, the results confirm that both conventional and 
activity-based offices have both drawbacks and benefits. Activity-based offices are beneficial 
for pleasantness (i.e. relaxation, freedom in choice, aesthetics), while conventional offices 
are more satisfactory regarding influence of the individual employee (i.e. personalization, 
status expression) and indoor climate. Moreover, cell offices seem to be most beneficial for 
satisfaction with privacy and communication, while team offices are most negative for these 
aspects. The employees in team offices, however, are most satisfied with the functionality. 
Additionally, these relationships provide support for the assumption that an adequate use of 
the activity-based office (i.e. not only using workstations in open spaces) can positively 
affect satisfaction.  
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The effects of the person side are, on the other hand, somewhat less clear, less extensive and 
less expected. In particular, the effects of personal characteristics and activity patterns on 
workspace use and needs were less than expected. These findings might partly be attributed 
to two reasons. First, employees in conventional offices generally do not use the workspaces 
based on their own preferences, but use their own, assigned workplace. Second, employees 
in activity-based offices might not use the office adequately. In these offices, the use of 
workspaces should be based on activities and personal preferences, but the study does not 
support this notion. This might also indicate that the availability of certain workspaces is too 
limited in the included activity-based offices. Nevertheless, some relationships are found, 
which confirms that the person side also affects satisfaction. The path analysis should 
elucidate the complex combination of these effects.  

Table 49: Overview of significant results of the bivariate analyses. For relationships for which the direction 
is relevant, this direction is indicated with + or – (Thus, not for nominal/ordinal variables). 
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Office concept                                       

Age       -   + -                         

Tenure       -     -           - +           

External mobility - -       +       +                   

Gender                                       

Educational level   -              + + +                 

Job rank                                       

Extraversion       +     -                         

Agreeableness       +                 +       +     

Conscientiousness +               -         -           

Emotional stability                         +             

Openness       +                               

% ind. conc. work +                 - -                 

% ind. Non-conc. Work         -         + +                 

% formal communication                   + +                 

% informal communication - -             + + +                 

% phone calls   +   +   +                           

Need for comfort                           -           

Need for territoriality             -   - - -           -     

Need for pleasantness             +   + +         +         

Need for communication                         +             

Need for privacy             -           -   -         

Use of cell office                         +   -         

Use of open space                           - + -       

Use of team office                         -     + +     

Use of concentration cell                         +   + -       

Use of team/meeting table                             +         

Use of meeting room                         +   +         

Use of other spaces                             +         

Sat. with interaction                                   + + 

Sat. with indoor climate                                   + + 

Sat. with pleasantness                                   + + 

Sat. with influence                                       

Sat. with functionality                                   + + 

Overall satisfaction                                     + 

Significant at 95% interval:   

                  Significant at 99% interval:   
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8. Path analysis 
The main aim of this study is to assess the direct and indirect effects of office concept, personal 
characteristics, workspace use and needs on satisfaction simultaneously. This aim is also 
covered by research question 9. A path analysis is conducted to answer this question. In the 
previous chapter, the results of the bivariate analyses are discussed. As a result, this chapter 
provides a general picture about the relationships of the different variables in the model, but 
also about its complexity. The bivariate analyses are hence a pivotal starting point for the path 
analysis, because it demonstrates which relationships are relevant for the path model. The 
path analysis assesses all relationships – both direct and indirect – simultaneously, and thus 
provides insights into the complex relationship between the work environment, the employee, 
and satisfaction. The indirect effects are an essential part of this study. First, the constructed 
path model is discussed in section 8.1, followed by the presentation of the results in section 8.2. 
Section 8.3 provides a thorough conclusion.  

8.1 The path model 

As discussed in section 5.3, path analysis is a useful method to analyze the conceptual model 
in this study, because it assesses both direct and indirect effects (Nooij, 1995). The software 
package LISREL is used to conduct the analysis. The definitive sample of the study 
comprises 322 respondents. All missing values

11
 are replaced with the mean of that variable, 

in order to prevent these cases from being excluded from the analyses. Thus, all 322 cases are 
used for the path analysis. Although this is a satisfying number, the complexity of the model 
(i.e. number of variables and number of relationships) should be limited (Van den Berg, 
2012). Thus, a thorough and adequate selection of the variables and relationships is pivotal.  

8.1.1 Procedure: selection of variables and relationships 

It is necessary to determine which variables should be included in the model. First, overall 
satisfaction with the work environment and perceived productivity are not included in the 
path model, in order to reduce the complexity. These relationships have become sufficiently 
clear from the bivariate analyses. The path model focuses on the part of the conceptual 
model that addresses both direct and indirect relationships. Thus, the path model includes 
the personal characteristics, activity patterns, and office concept as the exogenous variables. 
The needs, workspace use and satisfaction scores were thought to be endogenous variables. 
However, the workspace use variables had to be recoded into nominal dummy variables. 
Consequently, they cannot be used as endogenous variables in the path analysis, and have to 
be used as exogenous variables. This means a loss in information, because this part of the 
conceptual model cannot be tested in the path analysis. First, the effects of personal 
characteristics and activities on workspace use cannot be tested (although the bivariate 
analyses demonstrated that these effects were not extensive). Second, when workspace use is 
an exogenous variable, it precedes the needs in the path model. It was hypothesized that the 
workspace use depends on the needs, so this cannot be tested in the model. Nevertheless, 
the path model has to be correct, and much of this information can be derived from the 
bivariate analyses. Thus, it is most adequate to include the workspace use as exogenous 
variables, leaving needs as the only mediating variables. In order to keep the model concise, 
only the individual workspaces are included in the model: the use of cell office, use of 
workstations in open space, use of team offices, and use of concentration cells. Because the 
relationships between office concept and workspace use were vast, they are combined in the 
path model, leading to six

12
 new variables: 

                                                           
11
 The missing values regarding the activity variables, which are a result of the deletion of outliers (see 

section 6.2.3), and the two missing values regarding age (see section 6.2.1). 
12

 The combination of team office and activity-based and the combination concentration cell and 

conventional are not relevant (see section 7.2.1, Table 33) 
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 Use of cell offices in conventional office (indicates the cell office concept) 
 Use of workstations in open spaces in conventional office (indicates the open-plan 

office concept) 
 Use of team office in conventional office (indicates the team office concept) 
 Use of workstations in open spaces in activity-based office (indicates the activity-

based concept in general) 
 Use of cell offices in activity-based office (indicates a more adequate use of the 

activity-based office) 
 Use of concentration cells in activity-based office (indicates a more adequate use of 

the activity-based office) 

For the conventional office concepts, the new variables indicate the specific office concept, 
because both the use and the layout aspect are now integrated. That is, employees in 
conventional offices generally use only one of these three types of workspaces (cell office, 
team office, or workstation in open space), because these workspaces are generally assigned. 
The workspace use in conventional offices thus indicates the layout aspect.  

For the activity-based office concept, the addition of the workspace use has a different 
function (see also sections 6.3.2 and 7.3.2). The use of open spaces in these offices is an 
adequate indicator for the activity-based concept in general, because almost all employees in 
these offices use these workstations (see Table 33, section 7.2.1). Thus, it is assumed that the 
effects of this variable actually represent the effects of the activity-based office in general. 
Cell offices and concentration cells, on the other hand, are not used by all employees in 
activity-based offices. Thus, these two variables represent the effects of an adequate – or at 
least varied – use of activity-based offices.  

Second, only the most relevant exogenous variables are included. The bivariate analyses are 
not contributory for this cause, because all exogenous variables significantly correlate with 
one or more endogenous variables, so they all have relevant effects. Thus, the selection of 
the exogenous variables is based on theoretical grounds. Only the exogenous variables that 
were assumed to affect the needs are included: age, gender, activities, and mobility (e.g. 
Rothe et al., 2011), personality traits (e.g. Oseland, 2009), and obviously office concept. 
Educational level, tenure, and job rank are generally only included in satisfaction research, 
so they are not included in order to keep the model concise. Lastly, for the needs and 
satisfaction scores, the new variables derived from the factor analysis (see Chapter 5) are 
used. Figure 34 shows the adapted conceptual model – thus without workspace use as an 
endogenous variable – with all included variables.  

Subsequently, the relevant relationships between these variables are determined. Not all 
possible relationships are included in the path model. Only the significant relationships of 
the bivariate analyses are included. The path model is gradually constructed. First, the 
endogenous variables – the needs and satisfaction scores - were entered, with their 
relationships. Subsequently, the six work environment variables were included. Thus, the 
basic model comprised a rather supply oriented model. That is, the bivariate analyses 
indicated that the supply oriented variables have most effects. Thereafter, the other 
exogenous variables – personal characteristics, activities, and personality traits - and their 
relationships were gradually added. Relationships that did not remain significant in the path 
model – indicating multicollinearity or spurious relationships - were excluded subsequently. 
This procedure has led to a path model in which only significant relationships were present. 
The maximum likelihood method was used to estimate this model.  
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8.1.2 From conceptual model to definitive path model 

The conceptual model is an oversimplification of the path model. The definitive path model 
with all relationships is shown in Figure 35. Not all variables that are included in Figure 34 
remained relevant in the path model. The time spent on concentration work, formal 
communication, and informal communication were excluded, because they did not have 
significant effects in the path model. Furthermore, the use of cell offices in activity-based 
offices did not have any significant effects. Lastly, the personality trait openness no longer 
had a significant effect either. The number of relationships shown in Figure 35 is quite large. 
In section 8.2, all relationships are discussed and clearly presented in tables. 

Figure 34: Conceptual model with variables that are used for the path analysis 
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8.1.3 Goodness-of-fit 

Before discussing these results, it is important to determine whether the goodness-of-fit of 
the constructed path model is adequate. The goodness-of-fit of the model is assessed using 
several measures. These measures are shown in Table 51. The ratio between the Chi square 
and the degrees of freedom should be less than 2 (Golob, 2001), though a value of roughly 1 is 
preferred (Van den Berg, 2012; Perrée, 2014). For this model, the value is 1.08, which is good. 
Furthermore, the RMSEA should be lower than 0.05 (Golob, 2001), which is true for this 
model (namely 0.012). Lastly, the Model AIC should not vary too widely from the Saturated 
AIC, but this measure is generally used to compare two different models (Golob, 2001). 
Because only one model is estimated, the other measures are more useful, and these indicate 
that there is a good fit.  

 

Figure 35: Definitive path model, showing all included variables and relationships 
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Table 501: Goodness-of-fit measures 

Degrees of Freedom 158 

Minimum fit function Chi-square 170.81 

Chi-square/degrees of freedom 1.08 

RMSEA 0.012 

Model AIC 449.25 

Saturated AIC 600.00 

8.2 Results  

The path model, shown in Figure 35, shows that there are a large number of effects of 
various variables. These effects are significant at the 0.05 level, which corresponds with a t-
value of 1.96 or higher. The model confirms the mediating role of needs.  In particular, the 
effects of personal characteristics and activities on satisfaction are largely mediated by 
needs. Nonetheless, the personality traits have both direct and indirect effects on 
satisfaction. The combined office concept and workspace use variables largely affect 
satisfaction directly. These findings are in line with the expectations, because needs are 
primarily characteristics of the employee, while satisfaction is inevitably related to the work 
environment (Rothe, et al., 2011; see also section 3.1.2). However, the path model also reveals 
that some of the effects of the work environment are mediated by needs. Thus, these 
findings indicate that the work environment interferes with the needs of the employee. 
These effects are only from the activity-based office concept. This is likely, because the 
activity-based office concept demands a change in behavior of the employees. In the 
subsequent sections, these effects are discussed in greater details. First, the effects on needs 
are discussed, followed by the effects on satisfaction.  

8.2.1 Effects on needs 

Table 51 shows the effects of the exogenous variables on the needs. There are no effects of 
other endogenous variables on needs, because these directions were not hypothesized. 
Consequently, there are no indirect relationships, and the total effects equal the direct 
effects. As can be seen, both the personal variables and the environmental variables affect 
needs. Most of these relationships were also demonstrated in Chapter 7, but not all of these 
relationships remained significant in the path model. 

Effects of personal characteristics and personality traits 

Only few personal variables affect the needs. The effect of age on the need for 
communication remained significant in the path model. The high t-value of -5.44 confirms 
that this effect is highly significant. This finding is in line with the expectations (e.g. Rothe 
et al., 2011; Lyons & Kuron, 2013). As expected, the effect of gender on the need for comfort is 
also significant (t=2.53). This need is higher for female employees, which is in line with 
previous research (e.g. Karjalainen, 2007+2012). Furthermore, external mobility negatively 
effects the need for territoriality. The significance of this effect is quite large (t=-3.70). This is 
logical, because it is assumable that people that spend relatively less time at the work 
environment have a lower need for an own workplace or territory.  

Of the personality traits, not all variables remained significant in the path model. The 
personality traits extraversion, openness and agreeableness all had a significant effect on the 
need for communication. However, due to high correlations between these traits, none of 
these effects were significant when they were entered simultaneously. Therefore, only the 
effect of extraversion on the need for communication (which had the largest t value) is 
included. This effect remained significant when entered alone (t=2.82). Moreover, the 
positive effect of conscientiousness on the need for comfort remained highly significant 
(t=4.69), indicating that dependable employees do not want to be distracted by discomfort. 
Agreeableness and emotional stability have no significant effect on needs in the path model, 
but affect satisfaction directly.  
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Effects of activities 

The effects of the activity variables on needs are also quite limited. First, the time spent on 
making phone calls leads to a higher need for communication (t=2.32), which is quite likely. 
The effect of the time spent on making phone calls on the need for personalization also 
remained significant in the path model (t=2.93). Second, the time spent on individual, non-
concentrated work negatively affects the need for privacy (t=2.96). They might value 
interaction during their work, according to the social facilitation theory (e.g. Sundstrom, 
Burt, & Kamp, 1980; see section 3.2.2). As discussed in section 8.1.2, the other activities did 
not have any significant effects.  

Table 52: Path analysis model estimates for the endogenous variables: needs (unstandardized effects) 
 Need for comfort Need for 

territoriality 
Need for 

pleasantness 
Need for 

communication 
Need for privacy  

Effects of exogenous variables direct total direct total direct total direct total direct total 

Age       -0.03 -0.03   

t statistic       -5.44 -5.44   

Female employee (dummy) 0.28 0.28         

t statistic 2.53 2.53         

Extraversion       0.06 0.06   

t statistic       2.82 2.82   

Agreeableness           

t statistic           

Conscientiousness 0.14 0.14         

t statistic 4.69 4.69         

Emotional stability           

t statistic           

External mobility   -0.41 -0.41       

t statistic   -3.70 -3.70       

Time on non-concentration work         -1.33 -1.33 

t statistic         -2.96 -2.96 

Time on telephone calls   2.58 2.58   1.95 1.95   

t statistic   2.93 2.93   2.32 2.32   

Use of cell office, conventional           

t statistic           

Use of open space, conventional           

t statistic           

Use of team office, conventional           

t statistic           

Use of open space, activity-based 0.34 0.34 -0.36 -0.36 0.26 0.26   -0.33 -0.33 

t statistic 3.18 3.18 -3.29 -3.29 2.33 2.33   -3.01 -3.01 

Use of conc. cell, activity-based           

t statistic           

Effects of office concept 

It is interesting to see that the needs are only affected by the activity-based office concept, 
and not by the conventional office concept. The use of open spaces in activity-based offices 
positively affects the need for comfort (t=3.18) and need for pleasantness (t=2.33), and 
negatively affects the need for the need for territoriality (t=-3.29) and the need for privacy 
(t=-3.01). Because almost all employees in activity-based offices use open spaces, it is 
assumable that these effects can be ascribed to the activity-based concept in general. These 
effects are in line with the expectations. The need for comfort might raise due to the loss of 
perceived control over climate comfort in activity-based offices, due to the presence of 
largely open spaces. This need is highly important, so violation of this need raises this need. 
On the other hand, the negative effects on the need for privacy and territoriality indicate 
that employees in these offices learn to cope with the violation of these psychological needs, 
as suggested by Van der Voordt (2004). Lastly, the need for pleasantness in these offices 
might be higher for several reasons. Autonomy and freedom in choice are more important in 
activity-based offices, because employees need to switch workspaces. Additionally, the 
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attention for the importance of relaxation in these offices might rise. Thus, based on these 
explanations, it is more likely that these effects are a result of the office concept in general, 
rather than of the specific use of open spaces in these offices.  

8.2.2 Effects on satisfaction 

Table 53 shows the effects of both exogenous and the other endogenous variables. These 
effects are discussed subsequently.  

Table 513: Path analysis model estimates for the endogenous variables: satisfaction scores (unstandardized 
effects) 

 Satisfaction with 
regulation of 
interaction 

Satisfaction with 
indoor climate 

Satisfaction 
pleasantness 

Satisfaction with 
influence 

Satisfaction with 
functionality 

Effects of endogenous variables direct total direct total direct total direct total direct total 

Need for comfort   -0.15 -0.15       

t statistic   -2.54 -2.54       

Need for territoriality         -0.31 -0.31 

t statistic         -5.65 -5.65 

Need for pleasantness           

t statistic           

Need for communication 0.13 0.13         

t statistic 2.48 2.48         

Need for privacy -0.16 -0.16         

t statistic -3.03 -3.03         

Effects of exogenous variables direct total direct total direct total direct total direct total 

Age  0.00         

t statistic  -2.25         

Female employee (dummy)           

t statistic           

Extraversion           

t statistic           

Agreeableness   0.07 0.07       

t statistic   2.20 2.20       

Conscientiousness   -0.08 -0.10       

t statistic   -2.64 -3.36       

Emotional stability 0.08 0.08         

t statistic 2.84 2.84         

External mobility -0.24 -0.24        0.13 

t statistic -2.34 -2.34        3.10 

Time on non-concentration work  0.21         

t statistic  2.12         

Time on phone calls          -0.79 

t statistic          -2.60 

Use of cell office, conventional 0.66 0.66         

t statistic 5.03 5.03         

Use of open space, conventional -0.56 -0.56         

t statistic -2.82 -2.82         

Use of team office, conventional -0.36 -0.36       0.42 0.42 

t statistic -2.34 -2.34       2.88 2.88 

Use of open space, activity-based  0.05  -0.05 0.60 0.60 -0.54 -0.54  0.11 

t statistic  2.13  -1.99 5.54 5.54 -4.93 -4.93  2.84 

Use of conc. cell, activity-based 0.42 0.42         

t statistic 2.89 2.89         

Direct effects of needs 

Regarding the needs, most effects of the bivariate analyses remained significant in the path 
model. Most of these effects are negative. Thus, a higher need in comfort is more difficult to 
meet, and hence leads to lower satisfaction with the indoor climate (t=-2.54). Similarly, 
employees with a higher need for territoriality are less satisfied with the functionality, 
possibly because they relatively prefer more space. This effect is also noticeably large, 
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indicated by the t-value of -5.65. Moreover, the need for privacy leads to a lower satisfaction 
with the regulation of interaction (t=3.03), which is in line with this reasoning. On the other 
hand, employees with a higher need for communication are more satisfied with this aspect 
(t=2.48). This might indicate that work environments generally foster communication, and 
are thus satisfying for those who need communication.  

Indirect and direct effects of office concept and workspace use 

The work environment – as expected – has a major effect on the satisfaction scores. Much of 
the previous research has also demonstrated these effects (e.g. De Been & Beijer, 2014; 
Bodin-Danielsson & Bodin, 2008; Kim & de Dear, 2013; Hoendervanger, et al., 2015). In 
particular, the satisfaction with the regulation of interaction is significantly affected by all 
five work environment variables. This indicates that these effects can be ascribed to the 
workspaces, because of the large differences between conventional cell offices and 
conventional team offices and open-plan offices. That is, the results clearly show that 
conventional cell offices are beneficial for satisfaction with the regulation of interaction 
(t=5.03), while conventional team offices (t=-2.82) and open-plan offices (t=-2.34) negatively 
affect this satisfaction score. In particular, the positive effect is highly significant, as the t-
value shows. This is in line with the expectations, as privacy is a major part of this aspect. 
Previous studies also show that cell offices are most beneficial for privacy (e.g. De Been & 
Beijer, 2014; Kim & de Dear, 2013; Frontczak, et al., 2002). The use of open spaces in activity-
based concept has a positive, indirect effect on satisfaction with the regulation of 
interaction, because it lowers the need for privacy (t=2.13). Additionally, the use of 
concentration cells in activity-based offices positively affects satisfaction with the regulation 
of interaction directly (t=2.89).  

Furthermore, the the use of open spaces in activity-based offices directly affects satisfaction 
with influence (t=-4.93) and satisfaction with pleasantness (t=5.54). These effects are also 
highly significant, as can be seen from the t-values. It is assumable that these results can be 
ascribed to the use aspect of the activity-based concept, because these scores do not 
significantly differ between the different workspaces in conventional offices. The clean desk 
policy of the activity-based concept might thus directly and negatively affects satisfaction 
with influence (i.e. personalization). Similarly, the increased autonomy associated with the 
activity-based concept directly and positively affects the satisfaction with pleasantness.  

Additionally, the use of open spaces in activity-based concept indirectly affects satisfaction 
with the indoor climate (t=-1.99). The use of open workspaces in these offices raises the need 
for comfort, and consequently negatively affects satisfaction with the indoor climate. It is, 
however, surprising why this effect has not been found for conventional open-plan offices, 
because the indoor climate is a common drawback of open spaces in general (e.g. Kim & de 
Dear, 2013). The non-territorial feature of activity-based offices might perhaps result in even 
more loss of perceived control over the indoor climate. Another explanation could be that 
the conventional open-plan office is underrepresented in this study.  

Moreover, the path analysis elucidates that the use of open spaces in activity-based offices 
indirectly and positively influences satisfaction with functionality (2.84). This result was not 
found in the bivariate analyses and not expected either. On the contrary, functionality 
concerns furniture, space and storage space, so it was expected that these aspects were more 
satisfying in conventional offices. The indirect effect through the need for territoriality 
might imply that employees that use open spaces in activity-based offices learn to cope with 
the lack of territoriality, and are hence relatively more satisfied with their space. This aspect 
is also directly and positively affected by the use of team offices (t=2.88), but it is hard to 
explain this effect. 

Indirect and direct effects of the personal characteristics 

Few personal characteristics affect the satisfaction scores directly. Employees with higher 
external mobility are significantly less satisfied with the regulation of interaction (t=-2.34), 
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although their need for communication or privacy did not differ. Perhaps, these employees 
require other features of the supply side. For these employees, IT becomes more important 
for communication (e.g. Rothe et al, 2011), so this might explain why their needs are fulfilled 
to a lower extent. Moreover, employees with higher external mobility are more satisfied with 
the functionality, because of their lower need for territoriality (t=3.10). It is assumable that 
employees that spend relatively more time at the work location are more easily dissatisfied 
by their space and furniture. Age also has an indirect effect on satisfaction with the 
regulation of interaction, due to their lower need for communication. However, this effect 
equals 0.0, so it is surprising why it turned out to be significant (t=-2.25).  

Furthermore, several personality traits directly affect the satisfaction scores. Emotional 
stability positively affects satisfaction with the regulation of interaction (t=2.84). Thus, 
employees with lower emotional stability are less satisfied. As explained in Chapter 7, this 
might be due to the lower tolerance for external stimuli, because these employees have 
relatively more internal stress. Moreover, conscientiousness negatively affects satisfaction 
with the indoor climate, both directly and indirectly through the higher need for comfort 
(t=-3.36). As explained in Chapter 7, these employees can be described as dependable 
workers, so they might be more upset when they are distracted by discomfort. On the other 
hand, agreeableness positively affects satisfaction with the indoor climate (t=2.20), which is 
somewhat harder to explain.   

Indirect effects of activities 

The bivariate analyses demonstrated that there were no direct effects of activities on the 
satisfaction scores. However, the indirect effects through needs turned out to be significant 
in the path analysis. Employees that spend more time on non-concentrated work are more 
satisfied with the regulation of interaction, due to their lower need for privacy (t=2.12). 
Furthermore, Employees that spend more time on making phone calls have a higher need 
for territoriality, and are consequently less satisfied with this aspect (t=-2.60).  

8.3 Conclusion 

The results of the path analysis presented in this chapter provide the answers to research 
question 9 and hence to the problem statement. That is, the main aim was to assess the 
effects of all included variables on satisfaction – both direct and indirect – simultaneously. 
Only the most relevant variables and relationships are entered in the path model, based on 
the bivariate analyses and on theoretical grounds. The path model confirms that needs have 
a mediating role. In particular, the effects of personal characteristics and activities are 
mediated by needs. It was also assumed that workspace use had an important mediating 
role. Unfortunately, the workspace use variables could not be used as endogenous variables. 
The workspace use is therefore combined with the office concept variables, and used as 
exogenous variables. Consequently, the complete conceptual model could not be tested in 
the path analysis. That is, the effects of personal characteristics, activities and needs on 
workspace use are not included in the path model. Although these effects are tested in the 
bivariate analyses and turned out to be limited, this can be seen as a limitation of this study. 
Nevertheless, the path model confirms that satisfaction is a function of a complex set of both 
environmental and personal factors.    

In particular, the effects of the work environment are quite extensive in the estimated path 
model. All satisfaction scores are affected by the work environment variables. Several 
personal characteristics also affect satisfaction, partly indirect through needs. Furthermore, 
the (use of open spaces in the) activity-based office concept affects several needs, indicating 
a complex interaction between the work environment and the employee. It was also 
assumed that the employee could actively influence satisfaction through the use of certain 
times of workspaces, but this effect could thus not be tested.  
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The path analysis largely provides the answers to research questions 4 to 9. These answers 
are presented subsequently. 

4. What is the effect of office concept on employee satisfaction with the work environment? 

Office concept and workspace use are combined into new variables, so the effects of the 
specific workspaces (research question 8) are also discussed here. All satisfaction scores are 
affected by the work environment variables. Regarding satisfaction with the regulation of 
interaction, all specific workspaces within the conventional office concept affect this score. 
Thus, it is assumable that these effects can be ascribed to the specific workspaces. Compared 
to the activity-based office, cell offices seem to be more beneficial for this aspect, while 
satisfaction with this aspect seems to be lower in open-plan offices and team offices. 
Furthermore, the use of concentration cells in activity-based offices is beneficial for 
satisfaction with the regulation of interaction. Moreover, the use of open workspaces in 
activity-based offices negatively affects satisfaction with influence and positively affects 
satisfaction with pleasantness. It is assumable that these effects can be ascribed to the 
activity-based concept, mainly because the different workspaces in conventional offices did 
not have significant effects on these satisfaction scores.  

5. What is the effect of personal characteristics and activity patterns on employee satisfaction with 
the work environment? 

The effects of personal characteristics and activity patterns on satisfaction are quite limited. 
In particular, there are only a few direct effects of personal characteristics, and activities do 
not directly affect satisfaction at all. Only external mobility and several personality traits 
directly affect satisfaction. External mobility negatively affects satisfaction with the 
regulation of privacy, while emotional stability positively affects this satisfaction score. 
Furthermore, agreeableness positively affects satisfaction with the indoor climate, while 
conscientiousness negatively affects this aspect. The bivariate analyses (Chapter 7) also 
indicate that job rank and tenure had several effects, but these variables were not included 
in the path analysis.  

6. What is the effect of personal characteristics and activity patterns on employee needs and use of 
workspaces?   

The effects of personal characteristics on needs are considerable, though somewhat less than 
expected. The need for comfort is higher for female and conscientious employees. 
Furthermore, the need for communication is lower for older employees, but higher for 
extraverts. The need for territoriality is lower for employees with higher mobility. 
Furthermore, only two activities affected the needs. The time spent on making phone calls 
raises the need for territoriality and the need for communication, while the time spent on 
non-concentrated work lowers the need for privacy. The bivariate analyses also indicated 
that tenure, job rank, and educational level affect needs, but these were not included in the 
path analysis.   

The effects of personal characteristics on the use of workspaces could not be tested in the 
path analysis. The bivariate analyses (Chapter 7) do provide some support for these effects. 
Cell offices are used to a larger extent by older employees and employees with higher 
mobility, while the use of workstations in open spaces is lower for older employees and 
extraverts. Furthermore, highly educated employees seem to use team tables, meeting 
rooms, and concentration cells more often. The latter two workspaces are also used more 
often by employees with a higher job rank, while team tables are used more often by 
employees with higher mobility. Lastly, there are some relationships between activities and 
workspace use, but these relationships are also less than expected. Team tables and meeting 
rooms are used to a larger extent by employees that spend more time om informal 
communication, formal communication and non-concentrated work, and to a lower extent 
by employees that spent more time on concentration work.    
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7. What is the effect of office concept on employee needs and use of workspaces?  

The bivariate analyses (Chapter 7) showed that office concept affects the use of all 
workspaces. Therefore, these variables are integrated in this chapter, because workspace use 
could not be used as endogenous variables in the path analysis. The path analysis in this 
chapter shows that the activity-based office concept also has a vast effect on most needs.  
The use of open spaces in activity-based office concept raises the need for comfort and 
pleasantness, while the need for privacy and territoriality are lower in activity-based offices. 
The need for communication is not significantly affected by office concept.  

8. What is the effect of needs and workspace use on employee satisfaction with the work 
environment?  

The bivariate analyses indicated that the effects of workspace use on satisfaction are quite 
extensive. Because the workspaces are integrated with office concept in the path model, 
these effects are discussed above (at research question 4). 

Furthermore, there are several effects of the needs on satisfaction. For most relationships, a 
higher need leads to less satisfaction with the support of that need. That is, a higher need for 
comfort leads to less satisfaction with the indoor climate; a higher need for territoriality 
leads to less satisfaction with functionality; and a higher need for privacy leads so less 
satisfaction with the regulation of interaction. On the other hand, a higher need for 
communication leads to more satisfaction with the latter aspect.  

What is the combined effect of office concept, personal characteristics and activity patterns on 
satisfaction with the work environment, both directly and mediated through needs and workspace 
use? 

The path model shows that satisfaction is a function of a complex combination of personal 
characteristics and characteristics of the supply side. A considerable number of these effects 
are not direct, but indirect through needs. Of the work environment variables, the use of 
open spaces in activity-based had an indirect positive effect on satisfaction with the 
regulation of privacy, mediated by the need for privacy; an indirect positive effect on 
satisfaction with functionality, mediated by the need for territoriality; and an indirect 
negative effect on satisfaction with the indoor climate, mediated by the need for comfort. Of 
the personal characteristics, age has an indirect negative effect on satisfaction with the 
regulation of interaction, mediated by the need for privacy. External mobility has an indirect 
positive effect on satisfaction with functionality, mediated by the need for territoriality. 
Lastly, two activities indirectly effect satisfaction. Time spent on making phone calls 
negatively affects satisfaction with functionality, mediated by the need for territoriality, and 
time spent on non-concentration work raises satisfaction with the regulation of interaction, 
mediated by the need for privacy. Thus, a considerable number of effects are mediated by 
needs. In particular, the effects of personal variables are mediated by needs. However, the 
environmental variables also affect these needs, illustrating the interaction between work 
environment and employee. Unfortunately, the mediating role of workspace use could not 
be tested, because these variables had to be used as exogenous variables. 
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9. Discussion and conclusion 

9.1 Summary of the results 

In this study, the aim was to investigate the combined effect of the work environment and 
personal characteristics from the employee on satisfaction with the work environment, as 
described in Chapter 1. Because the human asset is most important for knowledge-based 
organizations, employee satisfaction receives much attention from CREM, both in practice 
and in science. It is therefore important to take the employee needs into account. Therefore, 
the following problem statement was set:  

To what extent do differences in needs and workspace use, possibly due to personal 
characteristics and activity patterns, affect employee satisfaction with the physical 
work environment in different office concepts? 

To answer this problem statement, various research questions are set. The answers to the 
first three questions are found by a thorough literature study. Based on this literature study, 
a conceptual model has been elaborated. This conceptual model is tested with field research. 
Primary data were collected using an online questionnaire. 327 respondents of 13 different 
organizations completed the questionnaire between October 21

st
 and November 27

th
 2015. 

322 cases were sufficiently useful for the analyses. The complex relationship between the 
variables in the model is investigated with a path analysis, in which both direct and indirect 
effects are assessed. In order to keep the path model concise, bivariate analyses were 
conducted beforehand.  

The literature study pointed out that office concepts can be distinguished on three aspects: 
use, layout, and location. The location aspect (e.g. working at home) is not included in this 
study. In this study, the main division is made between activity-based and conventional 
offices, thus focusing on the use aspect. The layout aspect, however, is also covered by the 
included workspaces. The workspaces namely are an indicator of the specific office concept, 
particularly for the conventional offices (cell offices, team offices, open spaces). Additionally, 
supporting workspaces are included, namely concentration cells, enclosed meeting rooms, 
team tables and other spaces. Differences in the office concept and workspaces might affect 
the employee. In this study, these effects on satisfaction are considered from an 
environmental psychology perspective. Pivotal for this perspective is that the employee has 
needs, and that the extent to which the work environment meets these needs determines 
satisfaction. Therefore, a need-based approach is adopted in this study. These needs have 
been inventoried from the literature and reduced with factor analysis, which has led to five 
basic needs:  the need for comfort, the need for territoriality, the need for pleasantness, the 
need for communication, and the need for privacy. Based on the existing literature, it was 
assumed that these needs are mainly influenced by five personal characteristics: age, gender, 
personality, external mobility, and activity patterns. 

For the path analysis conducted in this study, it is hypothesized that these needs have a 
mediating role for satisfaction with the work environment. Thus, the effects of personal 
variables on satisfaction are thought to be not only direct, but also indirect through these 
needs. Furthermore, it is thought that the environmental variables also affect these needs, 
which illustrates the interaction between employee and work environment. It was also 
hypothesized that the employee could actively influence the work environment and 
satisfaction by workspace use behavior. However, because these variables were not normally 
distributed, they could not be used as mediating variables. Thus, this part of the conceptual 
model could not be tested in the path analysis. Therefore, the workspace use is integrated 
with the office concept variable (activity-based versus conventional) as exogenous variables. 

The definitive path model is shown in Figure 36. This model has an adequate goodness-of-fit 
(RMSEA=0.012; Chi-square/degrees of freedom=1.08).The model shows that a large number 
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of the relationships are indirect. In particular, the effects of the personal variables are 
indirect through needs. The effects of the environmental variables (office concept and 
workspaces) are largely direct. In particular, satisfaction with the regulation of interaction 
varies between the different work environments, which can be ascribed to the differences in 
workspaces and thus in layout. These results imply that cell offices perform better than 
activity-based offices on this aspect, but team offices and open-plan offices perform less well, 
compared to activity-based offices. Furthermore, the model shows that the activity-based 
concept negatively affects satisfaction with influence (e.g. personalization), but raises 
satisfaction with pleasantness (e.g. freedom in choice, relaxation). Lastly, the model also 
shows that the activity-based concept affects four of the five needs. This finding supports the 
notion that the work environment interacts with the employee. As a result, the activity-
based office negatively affects satisfaction with the indoor climate, due to the higher need 
for comfort, and positively affects satisfaction with functionality, due to the lower need for 
territoriality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 36: Final path model 

 

 

 

 

 

 

 

 

 
NEEDS 

S
A

T
IS

F
A

C
T

IO
N

 S
C

O
R

E
S

 

Negative effect 

Positive effect 

Satisfaction with 
regulation of 
interaction 

Satisfaction with 
indoor climate 

Satisfaction with 
pleasantness 

Satisfaction with 
influence 

Satisfaction with 
functionality 

Need for territoriality 

 

Need for comfort 

 

Need for pleasantness 

Need for 
communication 

Need for privacy 

O
F

F
IC

E
 C

O
N

C
E

P
T

 +
 W

O
R

K
S

P
A

C
E

 U
S

E
 

P
E

R
S

O
N

A
L

 C
H

A
R

A
C

T
E

R
IS

T
IC

S
 

A
C

T
IV

IT
IE

S
 

Age 

Female employee 
(dummy) 

Extraversion 

Conscientiousness 

Emotional stability 

Time spent on non-
concentrated work 

External mobility 

Time spent telephone 
calls 

Use of cell office in 
conventional (dummy) 

Use of open space in 
conventional (dummy) 

Use of team office in 
conventional (dummy) 

Use of open space in 
activity-based 

(dummy) 

Agreeableness 

Use of concentration 
cell in activity-based 

(dummy) 



124 

 

Based on the path model, most hypotheses (discussed in Chapter 5) can be accepted, as 
shown in Table 55. Hypotheses 4, 5 and 6 could not be tested in the path analyses, but the 
bivariate analyses do provide support for these hypotheses. Thus, almost all hypotheses are 
accepted, except for hypothesis 12; there were no (direct) effects of activities on the 
satisfaction scores. Nonetheless, some nuancing is necessary. These hypotheses are 
formulated on a rather high aggregation level. Not all possible effects are significant. In 
particular, the effects of personal characteristics and activities on needs, workspace use, and 
satisfaction are limited. These findings are discussed in the subsequent sections.   

Table 52: Overview of the hypotheses 

H1 The activity patterns of the employee determine the importance of employee 
needs 

Accepted 

H2 Personal characteristics of employees influence the importance of employee 
needs 

Accepted 

H3 The office concept has influence on the importance of employee needs Accepted 

H4 The activity patterns of the employee determine the workspace use of 
employees 

Accepted* 

H5 Personal characteristics of employees influence the workspace use of 
employees 

Accepted* 

H6 The employee needs influence the workspace use of employees Accepted* 

H7 The office concept determines the workspace use of employees Accepted 

H8 The office concept determines employee satisfaction with the support of needs Accepted 

H9 The workspace use of the employees influences employee satisfaction with the 
support of needs 

Accepted 

H10 The importance of the employee needs affects employee satisfaction with the 
support of those needs 

Accepted 

H11 Personal characteristics of employees influence employee satisfaction with the 
support of needs 

Accepted 

H12 Activity patterns of employees influence and employee satisfaction with the 
support of needs 

Rejected 

H13 Satisfaction with the support of needs positively affects overall satisfaction 
with the work environment 

Accepted 

H14 Overall satisfaction with the work environment positively affects perceived 
productivity  

Accepted 

H15 The effects of office concept, personal characteristics and activity-patterns on 
satisfaction with the work environment are partly mediated by needs and 
workspace use 

Accepted 

 

9.2 Discussion 

The main aim of this study was to assess satisfaction with the work environment with an 
integral and holistic approach. Therefore, this study does not only contribute to the theory 
of this subject, but also aimed to apply a renewing approach and methodology. To the best 
of the author’s knowledge, satisfaction with the work environment had not yet been 
assessed using a complex path model with this large variety in variables.  

The study mainly contributes to the understanding of the effects of different office concepts, 
particularly regarding the activity-based concept. The study demonstrates that this 
comparison is not that straightforward. It is too oversimplified to assess whether the 
activity-based concept is more satisfactory or not, for two main reasons. First, it is important 
to define the office concept to which the activity-based concept is compared. For example, 
Van der Voordt (2004) analyzed two cases in which the activity-based concept was recently 
implemented and found contradicting results. Because he did not clearly state what the 
former office concept was, these findings are hard to interpret. In this study, the activity-
based concept seems to be more beneficial than team offices and open-plan offices, but 
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somewhat less satisfying than cell offices (particularly regarding satisfaction with regulation 
of interaction). Thus, trying to assess whether the activity-based concept performs better or 
worse is too straightforward, because the findings may depend on the specific conventional 
office concept in that comparison. Second, it is somewhat oversimplified to assess overall 
satisfaction with the work environment. Indeed, in this study, the overall satisfaction did not 
differ between the conventional and activity-based office concept. It is more interesting to 
assess satisfaction with specific aspects.  

This study therefore follows the approach of other studies that assess satisfaction with 
different aspects in different office concepts (e.g. De Been & Beijer, 2014) or for different 
workspaces (e.g. Kim & de Dear, 2013). This approach shows that the activity-based office 
concept has both benefits and drawbacks, which can both affect satisfaction. This study, 
however, goes even further by separating workspaces (the physical appearance) from the 
office concept (the way in which the office is used). The aim was to be able to make a 
distinction between effects that can be attributed to the activity-based concept (e.g. clean 
desk policy, flexible workspaces, increased autonomy) and to the physical appearance of the 
office. Because office concept and workspace use are integrated again in the path analysis, 
this distinction is somewhat blurred. Nevertheless, the activity-based concept clearly has a 
negative effect on satisfaction with influence and a positive effect on satisfaction with 
pleasantness. That is, the violation of personalization and status expression is a common 
drawback of the activity-based concept, while the increased autonomy, aesthetics, and 
possibilities for informality and relaxation are a common benefit (Van der Voordt, 2004; 
Pullen, 2011). Satisfaction with the regulation of interaction, on the other hand, seems to be a 
result of the workspaces. That is, there are clear differences between the different 
workspaces in conventional offices, and the use of concentration cells in activity-based 
concept also raises this satisfaction score. Lastly, the study also shows that the activity-based 
concept can influence needs, which indirectly leads to differences in satisfaction. The 
increased need for comfort in these offices explains the lower satisfaction with the indoor 
climate, while the lower need for territoriality results in more satisfaction with the 
functionality.  

Furthermore, this study clearly shows that satisfaction is not only a function of the work 
environment, but also of personal characteristics. These effects are elucidated by including 
needs and workspace use in the model. In fact, this study is a combination of satisfaction 
research, needs assessment, and workspace choice behavior research. However, the effects of 
the personal characteristics were less than expected in this study. In particular, the effect of 
age – which was a major aim of this study – is quite limited. The study of Rothe et al. 
(2011+2012) showed that personal characteristics – and in particular age – had many effects 
on needs and preferences, but only few relationships were significant in this study. A 
possible explanation could be that Rothe et al. (2011) use a larger sample (1,106 respondents) 
and largely focus on preferences. Preferences usually show more variance, because they are 
not essential (Heijs, 2007). Furthermore, the bivariate analyses indicate that the effects of 
activities and other personal characteristics on workspace use are quite limited. The 
respondents in this study were also directly asked which workplace they used for specific 
activities, revealing that different workspaces are used for different activities. Moreover, Joy 
& Haynes (2011) demonstrated that workspace use largely depends on activity, and in 
addition varies between different generations. Similarly, Kleijn (2011) concluded that 
personal characteristics have a large influence on workspace use. A possible explanation 
might be that these studies specifically focus on activity-based offices. In this study, half of 
the sample comprises employees in conventional offices, which might temper the effects of 
personal characteristics on workspace use.  

Overall, the model clearly shows that satisfaction is a result of the P-E fit, of both 
environmental and personal variables that affect each other. Employees have needs, which 
not only depend on personal characteristics, but are also affected by the office environment. 
On the other hand, the office environment provides workspaces, which provide the 
employees the opportunities to ‘influence’ their environment through choice behavior. 
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However, the latter could not be tested in the path analysis, because the workspace use 
variables could not be used as endogenous variables (see section 9.1 and 8.1). Nonetheless, 
the path model shows that needs are important determinants of satisfaction, as they mediate 
the effects of office concept and personal characteristics. The need-based approach was 
therefore contributory for understanding satisfaction with the work environment.  

9.3 Limitations and recommendations for future research 

There are also some limitations to this study. First, the data collection method in this study 
(i.e. a questionnaire) did not seem optimal for all variables. The questions regarding the 
time spent on different activities and at different workspaces were quite difficult for the 
respondents. It is hard for them to estimate the hours spent on one specific activity or at one 
specific workspace. The quality of these answers therefore depends on how well the 
respondent recalls and estimates these hours. In particular for respondents whose activity 
pattern or workspace use varies per week, the estimation might be somewhat less accurate. 
For future research, it would be best to collect this type of data using a different data 
collection method. A diary could provide more accurate and reliable answers, because the 
answers do not rely on the memory or estimation of the respondent. This method requires 
more time of the respondent, however, so it was not chosen in this study in order to reach a 
large response. Observation could also be more accurate, but this takes more time of the 
researcher. In addition, this method of data collection needs further approval and 
cooperation of the participating companies, and might contradict with requirements 
regarding privacy and anonymity. Because a large response was needed, this method was not 
possible either within the time frame. For future research, however, observation might lead 
to more accurate results. New technologies, such as mobile apps, might also be beneficial to 
collect accurate data fast and easily (see Hoendervanger, et al., 2015). Furthermore, the 
question regarding time spent at workspaces revealed some additional problems. It was hard 
to be clear yet concise regarding workspaces. This was necessary, because a uniform 
questionnaire was created for multiple organizations. Consequently, the questionnaire could 
not be based on one specific organization, using their specific workspaces. For future 
research, it may be better to include one or fewer organizations and inventory their 
workspaces beforehand. Additionally, observation might reduce these problems, because the 
workspace use variables then no longer depend on the interpretation of the respondents. 
Indeed, in this study, the interpretation of ‘fixed’, ‘flexible’, ‘shared’, and ‘own’ regarding 
workspaces varied. These terms are probably not unambiguous, so this information had to 
be removed from the variables in this study in order to warrant the reliability. Additionally, 
not all respondents saw the team office as an open space. Some recoding was therefore 
inevitable. Observation would also reduce these problems.  

Second, the sample in this study leads to some limitations. The effects of personal 
characteristics, needs, and activities on workspace use were quite limited in this study. This 
result might be due to the presence of conventional offices in the sample. Obviously, this 
was the aim of the study, but it would be interesting to test the same model for merely 
activity-based offices. In activity-based offices, the workspaces are not assigned, so their use 
should depend on activities and personal preferences. These effects might become clear 
when the sample only comprises activity-based offices. Furthermore, the workspace use 
variables might be less oddly distributed for activity-based offices, making it possible to use 
them as endogenous variables. In this study, the large number of employees that do not use 
a specific workspace is largely a result of the conventional offices. That is, employees in 
conventional cell offices probably never use workstations in open spaces or team offices. As 
a result, the individual workspaces were very oddly distributed, so they had to be recoded 
into dummy variables, making them unsuitable to be used as endogenous variables.  

On the other hand, the same model might also be tested for a larger variety in office 
concepts. That is, the combi office was not represented in this study, and the conventional 
open-plan office concept was also underrepresented. Consequently, the results of this study 
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cannot be generalized for these office concepts. It would be interesting to compare the 
activity-based concept with all main conventional concepts. Furthermore, it is hard to 
generalize the results of this study for other countries, because the sample comprises merely 
companies in the Netherlands. Even for the Netherlands, the generalizability of the results 
might be questionable, because the included organizations are concentrated in the 
southeastern region of the country. It would be interesting to conduct the same study for 
multiple countries, which increases the generalizability and enables cross-national 
comparisons. Future research might also include a larger variety regarding the size and type 
of organization, even though this study does show a noticeable variety in organizations of 
both the commercial and the public sector.  

Third, the chosen model and method for the analysis has some limitations. That is, the path 
model only assesses indirect and direct relationships. In future research, the moderating 
effects of needs and personal characteristics might also be interesting to investigate. The 
effects of age in this study were quite limited, so perhaps it might also have moderating 
effects. These effects could not be included in the path analysis conducted in this study. 
Furthermore, the directions of the effects and thus the causality might be different than 
hypothesized in the conceptual model of this study. In path analysis, the assumptions 
regarding the causality in the model are important. However, this does not mean that the 
causality is proven in this study, even though the model is constructed on theoretical 
grounds and the used path model has a good fit. For example, in this study, it is assumed 
that an adequate use of workspaces precedes and affects satisfaction. However, in particular 
regarding the activity-based concept, dissatisfaction might also discourage employees to use 
the office adequately. Thus, the relationship between workspace use and satisfaction in 
activity-based offices might be more complex. This relationship might be explored with in-
depth interviews, for example.  

Lastly, the content of the study can be extended or altered by including other variables. For 
example, the relationship between workspace use and satisfaction mentioned above might 
be elucidated by including resistance to change. This variable is not considered in this study, 
because this study does not focus on change. Resistance to change might particularly be 
interesting for studies that focus on (the transition to) the activity-based concept. That is, 
when implementing the NewWoW, it concerns a change. Thus, the original situation might 
influence the satisfaction with the new situation. Schwede, Davies & Purdey (2008) 
demonstrated this effect. Although they do not specifically focus on the NewWoW, they do 
address churns and refurbishments. They found that it is important to meet the expectations 
of the employees; Otherwise people might be less satisfied (Schwede, Davies, & Purdey, 
2008). Another interesting variable concerns the time that has passed since the introduction 
of the activity-based office concept. As has become clear in this study, adaptation might be 
relevant for satisfaction with the work environment. Because this study did not focus on 
activity-based offices specifically, this variable is not included in the model either.  

In particular, the first two limitations (data collection method and sample) had large 
consequences for this study. That is, the mediating role of workspace use could not be tested 
in the path analysis, because these variables had to be recoded into dummy variables, due to 
their odd distributions. Consequently, they could only be used as exogenous variables. 
Although the workspace use is still included in the path model as exogenous variables, the 
path model has become somewhat less informative. That is, the aim of this study was to 
assess the complexity of satisfaction with the work environment, which was concretized by 
the mediating role of needs and workspace use. The needs and workspace use variables were 
added to clarify the complex interaction between the employee and the work environment: 
The inclusion of needs demonstrated the interaction of the work environment with the 
employee, while the workspace use was added to show the influence of the employee on the 
work environment. The effects of personal characteristics, activities, and needs on 
workspace use could only be tested in the bivariate analyses, which shows some effects. 
However, it would have been more interesting to test these effects simultaneously with all 
other effects in the path model.  
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9.4 Practical implications 

The results of this study can also be of practical and strategic relevance for CREM. Because 
increasing satisfaction is one of the seven main strategies of CREM, the insights provided by 
this study might contribute to the implementation of that strategy. In particular, because 
the activity-based office concept is often implemented to increase satisfaction and 
productivity, this study provides some points of interests. Because this study also provides 
support for the notion that productivity can be enhanced by raising satisfaction, the results 
of this study can have direct practical relevance.  

First, the study demonstrates that understanding the needs of the employees and taking 
them into account is pivotal. The needs included in this study have a large effect on the 
satisfaction scores. Violating these needs might lower the satisfaction with this aspect, which 
might lower overall satisfaction and subsequently productivity. In particular, comfort, 
privacy, and concentration turned out to be important needs, and have to be met. However, 
the study also provides support for the notion that employees might adapt to the fact that 
some needs are not met in activity-based offices. For example, the need for territoriality is 
lower in these offices, even though it is usually violated. These needs (personalization and 
status expression) are shown to be of less importance, and satisfaction with influence does 
not significantly affect overall satisfaction. Obviously, this effect does not apply to all needs. 
The need for comfort is too important, and violating this need will probably only increase 
this need, and decrease satisfaction with indoor climate. Thus, this study shows which needs 
are particularly important to take into account, and which needs are of less importance. 

Furthermore, this study shows that the activity-based office concept is not a panacea, 
because it also has some clear drawbacks (indoor climate, influence). Whether the 
implementation of the activity-based concept turns out to be successful or not depends on 
the former office concept. Compared to cell offices, the activity-based office might still be 
less satisfying, particularly regarding privacy. Nevertheless, the study also indicates that an 
adequate use of the activity-based office concept is essential and increases satisfaction. This 
implies that an adequate use should be fostered. First, the correct workspaces should be 
sufficiently present and available in the work environment. Several effects on satisfaction are 
not a direct result of the activity-based concept, but of the physical workspaces in the work 
environment. Thus, the organization should offer an adequate balance between open spaces 
on the one hand and concentration cells and cell offices on the other hand. Second, the 
organization should also encourage employees to use the activity-based office concept 
through adequate change management. Dissatisfaction with this office concept may be a 
result of using merely open spaces. Thus, not only the physical aspect is important, but also 
the behavioral aspect is important in activity-based offices.  

Thus, organizations should carefully consider implementing the activity-based office 
concept. When the office concept is implemented, attention has to be paid to the 
preparation of the employees for the new office concept. Furthermore, their needs have to 
be taken into account, and an adequate mix of workspaces should be offered. Only then, the 
office concept can optimally contribute and add value.  
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Appendices 

Appendix 1: Exploration of needs 

In order to include all relevant needs, the relevant studies are examined. Not all studies 
regarding needs and satisfaction are used in this exploration. The aim is to assess a roughly 
complete overview of general needs. For example, the study of Brunia & Hartjes-Gosselink 
(2009) only addresses personalization, and Lee & Brand (2005) specifically address control. 
These studies are beneficial for understanding these specific needs, but they are not 
contributory for this exploration. It is more important to focus on studies that include 
multiple aspects. In these studies, the authors probaby also aimed to include all relevant 
aspects, so it is useful to explore which aspects are included in these studies. Then, it is more 
likely that the list of needs that are included in this study is also roughly complete. 

Three types of studies that are explored: 

 Studies that simply address needs, without any ranking; 

 Studies that rank needs or aspects according to their importance; 

 Studies that measure satisfaction with specific aspects. 

In particular, the latter contains many aspects of the supply side, so some logical reasoning 
and creativity is needed to determine the underlying needs. Satisfaction research that is too 
much focused on aspects of the supply side is not included either (for example, the study of 
Hartog (2015)).  

Table A1 summarizes the needs that are identified and are also used in this study (Chapter 
4). Each need is marked with a color, in order to adequately show which needs are derived 
from the various studies. This is necessary, because several aspects are formulated with 
other terms or on a lower or higher aggregation level.  Aspects that are not relevant for this 
study are left blank. That is, aspects that are too abstract or not related to the direct work 
environment, but to the building or location.  

Table A1: The distinct needs derived from other studies 

  Climate comfort, lighting 

  Greenery 

  Concentration 

  (Formal) communication, collaboration, proximity of employees 

  Space/dimensions of desk/storage space 

  Ergonomics/comfort   

  Privacy 

  (Informal) social interaction 

  Territoriality, personalization 

  Status expression 

  Control & Autonomy 

  Aesthetics 

  Relaxation 

  IT 

 
Table A2 provides the aspects of various studies that address aspects that are important (the 
first four columns), and satisfaction studies including multiple aspects (the latter three 
columns). As can be seen, these studies address quite different aspects. Furthermore, they 
generally do not address which aspects are more important. Regarding satisfaction research, 
the regression weights can be used to indicate importance, but this is not used here. 
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Table A2: Needs derived from needs and satisfaction research 

Hills & Levy 
(2014, p. 427)   

Van der Voordt 
& Van 
Meel(2002) 

Ding (2008, p. 
408) 

Leesman,: Van 
Susante (2014, p.74) 
and Houben (2015, 
p. 48)  

De Been & 
Beijer (2014) 

Kim & de 
Dear (2013) Lee (2008) 

Workability   Privacy 
Ease of 
communication 

Office 
facilities     Privacy Temperature Openness 

Comfort   
Social 
Interaction working space 

Indoor 
climate     Concentration Air Quality Concentration 

Security   Personalization storage space 
Seclusion 
rooms     Architecture Lighting Furniture 

Recognition   Territoriality Furniture Décor     Layout 
Visual 
comfort Privacy 

Density and 
proximity   

Status 
expression Privacy 

Privacy & 
storage     Facilities Noise level 

Informal 
meetings 

Privacy and 
control   Aesthetics Noise IT     Indoor climate 

Sound 
privacy Equipment 

Workstyle     Control Accessibility     Communication Space Meetings 

Adjacency     Comfort Hospitality       
Visual 
privacy Personalization 

Social 
interaction       

Desk & 
chair       Interaction Temperature 

Location               Furniture Quietness 

Customizability               
Colors, 
textures Appearance 

                Cleanliness 
Accessibility of 
coworkers 

                
Cleaning 
service Flexibility 

                Maintenance Space 

                  Storage space 

                  Distractions 

                  Lighting 

 
The studies in Table A3 also rank the importance of the needs. The study of Fleming (2005) 
is not included in this overview, because it is an extensive list of needs. 

Table A3: Needs derived from needs research, including ranking 

rank 

Barber (2001, in: 
Batenburg & Van der 
Voordt, 2008, p. 20) 

Brill et al. (2001, in: 
Batenburg & Van der 
Voordt, 2008, p. 20) 

Hagens (2007, in: 
Batenburg & Van der 
Voordt, 2008, p. 21) 

Appel, Groenen & 
Janssen (2011, p. 129) 

Maarleveld, Volker 
& Van der Voordt 
(2009, p. 192) 

1 advanced technology No distraction Formal communication Ergonomics Concentration 

2 Storage space 
Spontaneous 
interactions Concentration IT Indoor climate 

3 
Control over indoor 
climate collaboration Reliability software Comfort 

Functionality & 
comfort 

4 Quietness 
Ergonomics and 
storage space 

Informal 
communication Privacy 

accessibility 
building 

5 Personalization informal interaction Privacy Dimensions of desk Privacy 

6 Ergonomics  
proximity of 
colleagues Indoor climate Relative location desk IT 

7 Aesthetics  Spaces for breaks Ergonomics Ambiance Communication 

8 Control over lighting Access to technology Sense of belonging 
Control over indoor 
climate Openness 

9 Privacy Lighting Lighting Colors/materials Interior design 

10 Windows 
Control over indoor 
climate Reliability internet   Architecture 

11     Coffee facility   facility management 

12     Cleanliness   Location worksites 

13     
Accessibility digital 
documents   

Functionality 
workplaces 

14     proximity of colleagues   User influence 

15     Repro   
Spatial 
configuration 

16     Storage space   Remote working 

17         Storage space 

 
Based on these studies, sufficient support for the list of included needs in this study is found. 
Accessibility, IT, and facilities are also included frequently, but they are omitted. IT belongs 
to the virtual work environment, facilities are characteristics of the supply side, and 
accessibility is not relevant for the direct work environment. Table A4 provides a summary. 
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Table A4: Overview of needs found in other studies 
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Communication & 
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X X X X X X 
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Appendix 2: Questionnaire  

 

1. What is the name of your organization?  

 

 

2. How many years have you been working for this company? 

 

 

3. What is your current position within the organization?  
o Intern/trainee 
o Supporting staff (secretary, reception) 
o Regular worker 
o Manager 
o Board member 
o Other 

 

4. How many hours do you work on average (in this organization)? 

 

 

5. How many hours per week are you actually present at your work location, on average 

(that is, not working at home or externally)? 

 

 

 

6. How many hours do you spend on the following activities at your work location? 
Distribute the hours of the previous question over the activities:   

Individual, concentrated work  

Individual, non-concentrated work  

Planned communication  

Unplanned communication  

Making phone calls  

Other  
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7. Please state which description best fits your workspace  

o I have my own, fixed workspace in an individual cell office  

o I have my own, fixed workspace in a shared room office for 2-3 employees 

o I have my own, fixed workspace in an open space for 4-9 employees 

o I have my own, fixed workspace in an open space for 10 or more employees 

o I do not have a fixed workspace, but I am free to choose 

 

8. Which workspaces are available in your work environment for you to use (more 
answers possible)? 

□ Own, fixed workspace in a cell office  
□ Own, fixed workspace in an open space  
□ Flexible workspace in an open space  
□ Flexible workspace in a cell office 
□ Concentration cell/silence room 
□ Team table or meeting table in an open space 
□ Enclosed meeting room or project room 
□ Other (e.g. hallway, kitchen, print room, break room) 

 

9. Regarding the following workspaces, state what percentage of your time you use 
them on average per week. Distribute the hours that you are present at the work 
environment over the workspaces.  

Own, fixed workspace in a cell office   

Own, fixed workspace in an open space   

Flexible workspace in an open space   

Flexible workspace in a cell office   

Concentration cell/silence room  

Team table or meeting table in an open space  

Enclosed meeting room or project room  

Other (e.g. hallway, kitchen, print room, break room)  
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10. Which workspace do you generally use for individual concentrated work? (one 
answer)   

o Own, fixed workspace in a cell office  
o Own, fixed workspace in an open space  
o Flexible workspace in an open space  
o Flexible workspace in a cell office 
o Concentration cell/silence room 
o Team table or meeting table in an open space 
o Enclosed meeting room or project room 
o Other (e.g. hallway, kitchen, print room, break room) 
 

11. Which workspace do you generally use for individual non-concentrated work? (one 
answer)   

o Own, fixed workspace in a cell office  
o Own, fixed workspace in an open space  
o Flexible workspace in an open space  
o Flexible workspace in a cell office 
o Concentration cell/silence room 
o Team table or meeting table in an open space 
o Enclosed meeting room or project room 
o Other (e.g. hallway, kitchen, print room, break room) 
 

12. Which workspace do you generally use for planned communication? (one answer)   
o Own, fixed workspace in a cell office  
o Own, fixed workspace in an open space  
o Flexible workspace in an open space  
o Flexible workspace in a cell office 
o Concentration cell/silence room 
o Team table or meeting table in an open space 
o Enclosed meeting room or project room 
o Other (e.g. hallway, kitchen, print room, break room) 
 

13. Which workspace do you generally use for unplanned communication? (one answer)     
o Own, fixed workspace in a cell office  
o Own, fixed workspace in an open space  
o Flexible workspace in an open space  
o Flexible workspace in a cell office 
o Concentration cell/silence room 
o Team table or meeting table in an open space 
o Enclosed meeting room or project room 
o Other (e.g. hallway, kitchen, print room, break room) 
 

14. Which workspace do you generally use for telephoning? (one answer)   
o Own, fixed workspace in a cell office  
o Own, fixed workspace in an open space  
o Flexible workspace in an open space  
o Flexible workspace in a cell office 
o Concentration cell/silence room 
o Team table or meeting table in an open space 
o Enclosed meeting room or project room 
o Other (e.g. hallway, kitchen, print room, break room) 
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15. Regarding the following aspects, state how important they are for you in your work 
environment 

 Not 
important 
at all 

Fairly 
unimportant 

Fairly 
important 

important Very 
important 

Concentration      

Privacy      

Communication      

Proximity of coworkers      

Ergonomics and comfort 
(furniture) 

     

(Sufficient) space to work      

Comfortable indoor climate      

Control over indoor climate      

Sufficient daylight/lighting      

Personalization      

Status expression      

Relaxation      

Autonomy and freedom in choice      

Aesthetics      

 

16. How satisfied are you with the following aspects in your work environment? 

 Very 
dissatisfied 

dissatisfied Neutral Satisfied Very 
satisfied 

Possibility to concentrate      

Privacy      

Communication      

Proximity of coworkers      

Ergonomics and comfort (furniture)      

Space to work      

Indoor climate      

Control over indoor climate      

Lighting       

Possibility of personalization      

Possibility to express status      

Possibility to relax      

Autonomy and freedom in choice      

Aesthetics      

 

17. Overall, how satisfied are you with your work environment?  
o Very dissatisfied  
o Dissatisfied 
o Neutral 
o Satisfied 
o Very satisfied 

 

18. To which extent does your work environment support your productivity? 
o Not supporting at all 
o Not really supporting 
o Fairly supporting 
o Supporting 
o Very supporting 
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19. Gender 
o Male 
o Female 

 

20. Year of birth 

 

 

21. Highest attained educational level 
o Primary 
o Secondary 
o Vocational 
o Undergraduate (bachelor) 
o Postgraduate (master) 

 

22. Regarding your personality, do you see yourself as…  
 

 Strongly 
disagree 

disagree A little 
disagree 

neutral A little 
agree 

agree Strongly 
agree 

Extraverted, enthusiastic        

Critical, quarrelsome        

Dependable, self-
disciplined 

       

Anxious, easily upset        

Open to new experience, 
complex 

       

Reserved, quiet        

Sympathetic, warm        

Disorganized, careless        

Calm, emotionally stable         

Conventional, uncreative        
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Appendix 3: Recoding of workspaces 

The supply side in this study is represented by both office concept and workspace. Most 
studies only use either office concepts (e.g. Bodin-Danielsson & Bodin, 2008; De Been & 
Beijer, 2014) or workspaces (e.g. Kim & de Dear, 2013;  Veitch, et al., 2013). There are 
obviously many similarities, because, for example, the cell office concerns both an office 
concept and a workspace. Because both office concept and workspace use are included in 
this study, it is useful to check if there are no redundant variables. Therefore, the variable 
office concept is narrowed down to the distinction between activity-based and conventional 
(this information is received from the contact person). Because the combi office is not 
present in the sample, the workspaces indicate the specific conventional office concept. 
However, the distinction between team offices (small open plans) and open plan offices was 
only asked at question 7 (the question that was intended as an indicator for office concept). 
This distinction was not maintained at question 9: the actual workspace use variables. It is 
therefore necessary to ‘move’ this information from ‘own workspace’ (question 7) to 
‘workspace use’ (question 9). However, this is more difficult than expected, because various 
respondents were not consistent regarding their answers to several questions. Indeed, 
information regarding their workspaces and workspace use can be derived from several 
questions: 

 (Not in questionnaire) The office concept, asked to the contact person; 
 Question 7: the own workspace (primarily intended as indicator of office concept) 
 Question 8: The available workspaces (not intended to be used in analyses, purely 

included as a support for question 9). 
 Question 9: The workspace use, measured in hours spent on each workplace 
 Question 10-14: The workspace used for a specific activity (also not intended to be 

used in the analyses, but purely asked for the descriptive statistics) 

Most respondents were consistent, but for some respondents, these questions or the options 
were perhaps confusing. Indeed, it was difficult to establish a concise yet adequate list of 
relevant workspaces, particularly because the organizations were not known beforehand and 
both conventional and activity-based offices were included in the sample. These 
inconsistencies are discussed next, using crosstabs. 

Inconsistency between office concept (building level) and own workspace (employee level) 

Table A5 shows the crosstab concerning the variables ‘office concept’ and ‘own workspace’. 
As can be seen, there are 17 respondents in conventional offices that state they have a 
flexible workspace. More surprisingly, there are also 20 respondents in activity-based offices 
that state they have their own, fixed workspace.  This is the main reason why question 7 
(own workspace) is not directly used as a variable in this study, because it does not perfectly 
indicate office concept. The information of the contact person is used for the variable office 
concept (the distinction between conventional and activity-based, on building level).  

Table A5: Crosstab between office concept (on building level) and own workspace of respondent 

 
 

Subsequently, it is important to decide what to do with the inconsistencies. For 
conventional offices, it is not unlikely that there are flexible workspaces. However, this 
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option was formulated as “I do not have a fixed workspace, but I am free to choose”. It is 
questionable whether they are allowed to sit anywhere they prefer; it is more likely that they 
share one or few desks with few others. It is therefore not adequate to group them under 
‘activity-based’. The options in this question were perhaps too limited, so they chose this 
workspace because they certainly did not perceive their workspace as their own or fixed. For 
these respondents, the office concept is still kept at ‘conventional’ (on building level).  

For the activity-based offices, the presence of fixed workspaces is more unlikely, however. 
These organizations fully implemented the NewWoW (based on the information of the 
contact persons). Only organization 12 has two buildings; one with the activity-based office 
concept, and one without the activity-based office concept (For this organization, the value 
of office concept is based on the respondent’s answer to question 7, so the ‘own workspace’ 
is for all these respondents in line with ‘office concept on building level’). 

Further examination of the respondents shows that most of them are regular employees. A 
secretary or receptionist might have an own workspace, because she needs to be easily 
found. For the other employees, this result could indicate claiming behavior. It is therefore 
more adequate to group them under the activity-based concept (on building level).  

Thus, the variable ‘own workspace’ (question) is no longer used for the analyses (only to 
distinguish between conventional and activity-based for organization 12). Therefore, these 
inconsistencies are not relevant. The ‘office concept’ variable is now formulated on building 
level, not on an individual level. However, there are also inconsistencies between ‘own 
workspace’ and ‘workspace use’. These are relevant for the recoding of the ‘team office’ 
variable.  

Inconsistency between own workspace and workspace use 

In order to make clear crosstabs, the workspace use variables are recoded into new variables, 
which are merely used for these crosstabs. It is not relevant how many hours the 
respondents entered at each workspace, but merely if they have entered hours. Thus, these 
new variables are dummies. Thus, if the values of the original variables are 1 or higher, the 
dummy is set to 1 (instead of 0 for 0 hours entered). These new variables are not important 
for the analyses; they are merely used to create these concise crosstabs. Only the time spent 
at own workspace in cell office, own workspace in open space, flexible workspace in cell 
office, and flexible workspace in open space are relevant for this section. Namely, meeting 
rooms, meeting tables, concentration cells, and other spaces can be used regardless of the 
own workspace. 

 

 

 

 

 

 

 

Table A6 shows the crosstab of ‘own workspace’ and ‘hours entered at own workspace in cell 
office’. Table A7 shows the crosstab with ‘hours entered at own workspace in open plan’. 
There are some remarkable findings, which also indicate a wrong answer at question 7:  

 Four respondents that stated they have their own workspace in an individual cell 
office or a shared room office did not enter any hours on this type of workspace. 

Table A6: Crosstab between “own workspace” and “use of 
assigned cell office” 

Table A7: Crosstab between “own workspace” and “use of 
assigned workspace in open space” 
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Further examination of these respondents shows that two of these respondents 
actually work in an activity-based office (thus their answer on question 7 is wrong), 
and the other two entered hours at the ‘flexible workspace in a cell office’.  

 Eight respondents that stated they have their own workspace in an individual cell 
office or a shared room office entered hours at the assigned workspace in an open 
space. Further examination of these respondents shows that two of these 
respondents are from activity-based offices (thus wrong answer at question 7), and 
the other respondents did only enter a few hours here (in addition to the hours 
spent in cell office). This finding is plausible (for example for receptionists), but it is 
remarkable that both workspaces are seen as assigned.    

 The respondents in team offices were expected to perceive this as an open space. 
However, 31 of the respondents in a team office did not perceive this as an open 
plan, but as a cell office.  

 One respondent that stated to have a fixed workspace in an open plan actually 
enters hours at the cell office. The answers to question 10 to 14 confirm that the 
respondent has a cell office, so it is expected that the answer to question 7 is 
incorrect. 

 Three respondents that stated to have a fixed workspace in an open plan did not 
enter hours at this workspace. One is the respondent discussed right above, and the 
other two enter hours at the flexible workspace in an open space.  

 Eight respondents with a flexible workspace stated they use an assigned workspace 
in a cell office. Four of these are from an activity-based office concept. They can 
indeed use cell offices, but it is more likely that these are not assigned. The other 
four respondents are from conventional offices, so it is unexpected why they 
answered that they did not have an own, assigned workspace in question 7.  

 Twelve respondents with a flexible workspace state they use an assigned workspace 
in an open space. Most of these respondents are from activity-based offices. They 
can indeed use these workspaces, but it is more likely that these are not assigned. 

  

 

 

 

 

 

 

Table A8 and A9 show the use of flexible workspaces in open spaces and cell offices, 
respectively. Regarding the use of flexible workspaces, all results might be possible. For 
activity-based offices, it is possible that people do not use one of these two types of 
workspaces. For respondents with own, fixed workspaces, it is also possible to use flexible 
workspaces. That is, conventional offices might also have some flexible workspaces. For 
example, receptionists might have an own workspace in an office, but also work at the 
reception for several hours. Organizations with more buildings at different locations might 
also have some flexible workspaces, for coworkers from other locations. It is somewhat 
remarkable that respondent with an own, fixed workspace in a cell office also use flexible 
workspaces in cell offices. Further examination points out that a considerable number of 
these respondents enter hours at both the fixed and flexible workspaces in cell offices. It 
might be possible that they have a meeting table in their cell office, and regard this as a 
flexible workspace. This was not foreseen; it was expected that respondents still would have 
perceived this as their own workspace. Nevertheless, none of these results are unlikely.  

Table A8: Crosstab between “own workspace” and “use of 
flexible workspace in open space” 

Table A9: Crosstab between “own workspace” and “use 
of flexible workspace in cell office” 
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It was not foreseen that so much confusion could arise regarding workspaces. In particular 
because the questionnaire was intended for both activity-based and conventional offices, 
several mistakes are made, leading to inconsistencies. These inconsistencies also indicate 
that question 7 was simply not an adequate question. For most respondents, the answers are 
consistent, but for others, the question was not accurate enough. For employees in activity-
based offices, the question was perhaps confusing. Furthermore, employees that share a desk 
or have two workspaces (secretaries, receptionists) could not find a satisfying answer. It is 
therefore only reasonable that question 7 is not (directly) used, because it seems to contain 
most errors. As a result, most of these inconsistencies are no longer relevant.   

Furthermore, these inconsistencies lead to the notion that the distinction between fixed and 
flexible is not adequate, and therefore not reliable. For most respondents, there were no 
problems regarding this distinction. For employees that truly have their own, fixed 
workspace, and for employees that use the activity-based office adequately, this distinction 
was clear. But for employees that claim a workspace in activity-based offices or employees 
that share a desk in conventional offices, this distinction is blurred. Apparently, respondents 
had different interpretations of the definitions of ‘fixed’, ‘own’, and ‘flexible’ regarding 
workspaces. Thus, these terms are probably not unambiguous. By deleting these additions, 
these differences in interpretations are by-passed. Thus, the distinction between fixed and 
flexible is omitted in this study. This information is, however, not lost, because it is largely 
covered by the office concept variable (on building level). Only the inconsistency regarding 
team office needs to be solved by recoding; however, first the distinction between fixed and 
flexible workspaces is deleted by recoding.   

Recoding fixed and flexible workspaces 

First, the distinction between fixed and flexible workspaces is deleted, because the reliability 
regarding this distinction is questionable. Furthermore, this distinction is largely covered by 
office concept. In question 9, the respondents were asked to distribute the hours over the 
following eight workspaces: 

 Own, fixed workspace in a cell office  
 Own, fixed workspace in an open space  
 Flexible workstation in an open space  
 Flexible workspace in a cell office 
 Concentration cell/silence room 
 Team table or meeting table in an open space 
 Enclosed meeting room or project room 
 Other (e.g. hallway, kitchen, print room, break room) 

The distinction between fixed and flexible is deleted by combining these workspaces. Thus, 
‘hours spent at own, fixed workspace in cell office’ needs to be combined with ‘hours spent 
at flexible workspace in cell office’ (highlighted in yellow). Similarly, ‘hours spent at own, 
fixed workstation in an open space’ needs to be combined with ‘hours spent at flexible 
workstation in open space’ (highlighted in green). This can easily be done using the function 
‘Compute Variable’ in SPSS.  

‘hours spent in cell office’ = ‘hours spent at fixed workspace in cell office’ + ‘hours spent 
at flexible workspace in cell office’ 

And: 

‘hours spent at workstation in open space’ = ‘hours spent at fixed workspace in open 
space’ + ‘hours spent at flexible workstation in open space’ 

Consequently, it is no longer defined whether the hours are spent at a flexible or a fixed 
workspace; only the information regarding physical appearance is maintained. For the (few) 
employees that used both fixed and flexible workspaces, this distinction is consequently also 
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deleted. This information is less useful, and now, obvious relationships between office 
concept and workspace are omitted (such as: a positive relationship between the activity-
based concept and the use of flexible workstations in open spaces). Furthermore, there are two 
variables less, which is beneficial for the analyses. Lastly, and perhaps most importantly, the 
new variables are more reliable.  

Recoding: specification of team office 

Secondly, the team offices should be specified in the ‘workspace use’ variables, because it is 
not covered by office concept. Although it seems quite straightforward, the specification of 
‘hours spent in team office’ by recoding is quite extensive. More questions and variables are 
needed for this procedure. That is, the hours entered at question 9 (workspace use) are used, 
but the answer to question 7 (own workspace) is also needed. Although this question is 
considered to be an inadequate indicator of office concept, it is quite adequate to distinguish 
the team office. For conventional offices, this question was easier to answer. Thus, if a 
respondent of a conventional office answered that he/she had an own workspace in a space 
for 4-9 employees, it is assumed to be truly a team office. An additional difficulty is that 
some of these respondents entered the hours they worked at their own workspace at the ‘cell 
office’ variable, while others entered these hours at the ‘open space’ variable. Another 
problem is that some respondents of activity-based offices stated they had their own 
workspace in a team office at question 7, which is unlikely; team offices are assumed to be 
only relevant for conventional offices (see Chapter 6 for explanation). Thus, various steps are 
necessary, as discussed next.  

Step 1 

For the employees in team offices – and for these respondents only – the hours that they 
entered at either the ‘workstation in open space’ or ‘workspace in cell office’ need to be moved 
to the new variable ‘hours spent at workspace in team office’. For these respondents, it is 
useful to simply add these two original variables (for each respondent, one of these two 
value is 0). This calculation obviously only needs to be done for those respondents that have 
their own workspace in a team office (in a conventional office). Thus, a condition (if) is 
added to the calculation. This is done using the option ‘Compute Variable’ in SPSS: 

 ‘hours spent in team office’ = ‘hours spent in cell office’ + ‘hours spent at workstation in 
open space’ 

 IF: 

Own workspace = ‘own workspace in an open space for 4-9 employees’ (information 
derived from question 7) 

Step 2 

However, as can be seen in Table A5, 7 respondents of activity-based offices also answered 
that they had an own workspace in an open space for 4-9 employees. This is unexpected, and 
these respondents do not belong to the team office concept (this is by definition a 
conventional office concept). Thus, these respondents need to be filtered out. This can also 
be done using the option ‘Compute Variable’ in SPSS: 

‘hours spent in team office def’ = ‘hours spent in team office’ 

 IF: 

Office concept = ‘Conventional’ (based on organization name, information derived from 
contact person)  
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Step 3 

Now, the definitive variable ‘time spent in team office def’ is created. However, all other 
cases now have a missing value at this variable (because they were left out, due to the ‘if’-
function). These are obviously no missing values. All other respondents do not spend any 
hours in team offices, so their value has to be set to 0. This is done using the option ‘Recode 
into Different Variable’:  

Old Value: System-Missing 
New value: Value ‘0’ 

And: 

Old Value: All other values 
New value: Copy old value(s) 

Step 4 

The variable ‘time spent in team office def’ is now ready to be used in the analyses. However, 
for these respondents, the original values at the variables ‘time spent in cell office’ and ‘time 
spent at workstation in open space’ are not deleted. These hours are not ‘moved’ from these 
variables to the new variable; the values of the new variable are merely based on the values 
of these original variables (step 1). Thus, these values need to be removed. It is therefore 
necessary to create two new variables ‘time spent in cell office def’ and ‘time spent at 
workstation in open space def’. This also needs to be done in two steps. The new variable 
‘time spent in cell office def’ should have the similar values as ‘time spent in cell office’, but 
only for those respondents who do not have a team office (i.e. who spend 0 hours in team 
offices’). This is done using the option ‘Compute Variable’ in SPSS: 

‘hours spent in cell office def’ = ‘hours spent in cell office’ 

 IF: 

‘hours spent in team office’= 0 

Subsequently, the missing values should be replaces with 0, similar to step 3. Thus, using the 
option ‘Recode into Different Variable’ in SPSS: 

Old Value: System-Missing 
New value: Value ‘0’ 

And: 

Old Value: All other values 
New value: Copy old value(s) 

For the workstations in open spaces, the same two steps are conducted. Due to the large 
number of steps, it might seem that there has been changed a lot. However, this is not true. 
In essence, the hours of the respondents that truly have a team office (in a conventional 
office) are taken from the original variables and entered in a new variable. This is 
schematically visualized in Figure A1. The original variables contain the hours spent in cell 
offices and workstations in open spaces, but also the hours spent in team offices. Thus, the 
hours are moved to a new variable for respondents in team offices (step 1), which are also 
considered to be present in conventional offices (step 2). Then, the missing values of the 
other respondents should be replaces with ‘0’ (step 3). Lastly, for the respondents in team 
offices, the hours entered at ‘cell office’ and ‘open space’ should be replaces with ‘0’ (step 4).  
The last three columns in Figure A1 represent the three variables that are ready to be used in 
the analyses.  
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Original 
variable: 
hours in cell 
office 

Original variable: 
hours in open 
space 

New variable 
after step 1 
(hours in team 
office, before 
deleting activity-
based) 

New variable 
after step 2 
(hours in team 
office, only the 
conventional 
offices) 

New variable 
after step 3 
(replacing 
missing values 
with ‘0’) 

New variable 
after step 4 
(hours in cell 
office, without 
the actual users 
of team offices) 

New variable 
after step 4 
(hours in open 
space, without 
the actual users 
of team offices) 

          0 0 

        0     

        0     

         Actual use of team offices (in conventional offices) 

  Actual use of cell offices (in conventional and activity-based offices) 

  Actual use of workstations in open spaces (in conventional and activity-based offices) 

  Respondents of activity-based offices that (incorrectly) stated they had their own workspace  

 

in a team office. They also use either cells or open spaces. 
 

Figure A1: Schematic overview of the recoding steps 

Summary 

The following aspects have become clear from this appendix: 

 For the ‘office concept’ variable, the information of the contact persons of the 
organizations is used (the distinction between activity-based and conventional) 

 For the ‘workspace use’ variables, the answers of the respondents at question 9 
(distribution of hours over workspaces) are used 

 The ‘own workspace’ variable is not directly included in the analyses (as an indicator 
of the specific office concept), because of the inconsistencies with the information 
derived from the contact persons of the organizations. Furthermore, the ‘workspace’ 
use variables also cover the layout aspect of office concept.  

 The ‘own workspace’ variable, however, was used for two reasons 
 To define the use of team offices for the ‘workspace use’ variables  
 To decide which respondents of organization 12 should be grouped under 

‘activity-based’, and which under ‘conventional’. This was the only 
organization that had two buildings with different office concepts.  

 The distinction between flexible and fixed regarding the ‘workspace use’ variable is 
deleted, for two reasons: 

 Due to the inconsistencies, it was questionable whether all respondents had 
the same interpretation of fixed and flexible 

 This distinction is largely covered by the distinction between activity-based 
and conventional (the ‘office concept’ variable) 
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Appendix 4: Distributions of need scores and satisfaction scores 

Importance of needs 

All needs are more or less normally distributed, as can be seen in Figure A2 and A3. Some 
needs are somewhat negatively skewed, because they are perceived as more important (for 
example concentration, ergonomics, indoor climate). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2: Histograms of need scores (concentration, privacy, communication, proximity of coworkers, ergonomics, space, 
storage space, climate comfort, control over climate comfort) 



154 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A3: Histograms of need scores (lighting, personalization, status expression, relaxation, autonomy, aesthetics) 
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Satisfaction scores 

Most distributions show some negative skew, as can be seen in Figure A4 and A5. For 
generally all aspects, there are relatively somewhat more satisfied respondents.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A4: Histograms of satisfaction scores (concentration, privacy, communication, proximity of coworkers, ergonomics, 
space, storage space, climate comfort, control over climate comfort) 
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Overall satisfaction and perceived productivity 

Overall satisfaction with the work environment and perceived productivity are also 
somewhat negatively skewed, as can be seen in Figure A6 and A7. The large majority of the 
respondents are satisfied with the work environment, which results in the peak at the value 
of 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A5: Histograms of satisfaction scores (lighting, personalization, status expression, relaxation, autonomy, aesthetics) 

Figure A6: Histogram of overall satisfaction with 
the work environment 

Figure A7: Histogram of perceived productivity 
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Appendix 5: Non-normal distributions 

Activity patterns 

Based on the histograms (Chapter 7), it was indicated that not all activity variables were 
normally distributed. Therefore, they need to be further examined, before including them in 
the analyses. The activity ‘other activities’ is not included in the analyses, because it is less 
meaningful. Any significant relations with this variable will be hard to interpret, because it is 
not clear what these activities are. It was only included in case the respondent conducted 
activities that did not fit in with the other five variables. 

Individual concentration work 

The histogram of the variable individual concentration work was not very odd. In fact, the 
normal probability plot and the boxplot (Figure A8) show that this variable is actually quite 
normally distributed. Thus, this variable can directly be used in the analyses.  

 

Figure A8: Normal probability plot and boxplot of time spent on individual concentration work 

Individual non-concentrated work 

The variable of non-concentrated work has some positive skew. The normal probability plot 
(Figure A9) confirms this.  

 
Figure A9: Normal probability plot and boxplot of time spent on individual non-concentrated work 

The stem-and-leaf diagram (not shown here) and the boxplot show that there are 6 outliers. 
These are removed. In the analyses, they will be replaced with the mean.  
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Formal communication 

The variable formal communication also has some positive skew. The values between 0% 
and 45% are quite normally distributed (see Figure A10), but there are few people that 
conduct this activity for 50% to 100% of their time. Although these values are plausible, they 
are too odd to include in the analysis.  

 

Figure A10: Normal probability plot and boxplot of time spent on formal communication 

 The stem-and-leaf diagram (not shown here) and the boxplot show that there are 18 
outliers. These are removed. In the analyses, they will be replaced with the mean.  

Informal communication 

The variable informal communication is not normally distributed either. There are 3 outliers 
shown in the boxplot (see Figure A11). These are removed.  

 
Figure A11: Normal probability plot and boxplot of time spent on informal communication 

Telephone calls 

The time spent on telephone calls is not normally distributed either (see Figure A12). Most 
employees only conduct this activity a small proportion of their time, but for some 
employees, it is their main activity. These respondents distort the analyses.  



159 

 

 

Figure A12: Normal probability plot and boxplot of time spent on telephone calls 

 The stem-and-leaf diagram (not shown here) and the boxplot show that there are 14 
outliers. These are removed. In the analyses, they are replaced with the mean.  

Summary 

The activity variables are not too oddly distributed, so they are used as interval variables. 
However, for some of these variables, the outliers need to be removed. The removal of the 
outliers is only done once. After each removal, there might be new outliers, due to the 
decrease of the median. The adapted variables are checked after this action. The adapted 
variables non-concentrated work and informal communication have one and four new 
outliers, respectively. These are not extreme, and are therefore not removed.   
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Workspace use 

Based on the histograms (Chapter 7), it was indicated that the workspace use variables were 
not normally distributed. Therefore, they need to be further examined, before including 
them in the analyses. 

Use of cell offices 

The use of cell offices are not normally distributed, which is confirmed by the normal 
probability plot (Figure A13). There are 190 cases with a value of 0. These are obviously the 
employees in conventional offices that have a workspace in a team office or open plan, or the 
employees in activity-based offices that do not choose to work in cell offices. The boxplot, 
however, does not show any outliers.  

 

Figure A13: Normal probability plot and boxplot of time spent at cell office 

Use of workstations in open space 

The use of workstations is not normally distributed either; the distribution is similar to that 
of the cell office. There are 150 cases with a value of 0, which largely are the respondents of 
conventional offices. The boxplot, however, does not show any outliers (see Figure A14).  

 

Figure A14: Normal probability plot and boxplot of time spent at workstation in open space 
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Use of team offices 

The use of team offices is even odder distributed. There are 270 cases with a value of 0, 
which are all respondents who do not have an assigned workspace in a team office. The 
boxplot shows that all ‘relevant’ values are outliers (see Figure A15). This variable is therefore 
unsuitable for the analyses.  

 

Figure A15: Normal probability plot and boxplot of time spent at team office 

Use of concentration cells/silence rooms 

The distribution of the use of concentration cells is similarly odd. 249 cases have a value of 0 
(respondents in conventional offices and people who do not use them in activity-based 
offices), and all 73 cases with a higher value are outliers (see Figure A16). Thus, the variable 
is not suitable to be used in the analyses.  

 

Figure A16: Normal probability plot and boxplot of time spent at concentration cell 

Use of team/meeting tables in open space 

The use of team tables in open space is somewhat less oddly distributed, but there are still 
many outliers (see Figure A17). 212 respondents do not use these workspaces. Thus, 110 
respondents do use these workspaces. It is therefore not useful to use this variable at the 
interval level.  
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Figure A17: Normal probability plot and boxplot of time spent at team/meeting table in open space 

Use of meeting rooms 

The use of meeting rooms is also less oddly distributed, and the normal probability plot is 
actually largely a straight line, even though there are 141 cases with a value of 0 (see Figure 
A18). The meeting room is generally present in both conventional and activity-based offices 
and available for all employees. This might explain why this variable is distributed less 
oddly.  

 

Figure A18: Normal probability plot and boxplot of time spent in meeting rooms 

Use of other spaces 

The use of other spaces is also less oddly distributed. These spaces are usually present in all 
offices, similar to meeting rooms. There are, however, somewhat more outliers, namely 18 
(see Figure A19) 
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Figure A19: Normal probability plot and boxplot of hours spent at other spaces  

Summary 

In general, the workspace use variables are too oddly distributed, so they cannot be used as 
interval variables. The removal of outliers is not useful for these variables either. Therefore, 
all these variables are recoded into dummy variables that indicate whether the respondent 
uses the workspace or not. This means a loss of information, namely concerning the extent 
to which the workspaces are used.  
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Appendix 6: Additional bivariate analyses for Chapter 8 

In this appendix, the t-tests between the new, combined office concept and workspace 
variables are presented. The aim of this appendix is merely to provide an overview of the 
significant effects. With regard to the content, the effects of office concept and workspace 
use have been thoroughly discussed in Chapter 7 (though separately). It is assumed that the 
effects of the combined variables are largely similar, so it is only necessary to assess which 
relationships should be included in the path model. The results of the t-tests between the 
new work environment variables and needs are shown in Table A10. The results of the t-tests 
between the new work environment variables and the satisfaction score are shown in Table 
A11.  

Table A10: Bivariate analyses between new work environment variables and needs (t-tests) 
Need for Comfort Territoriality Pleasantness Communication Privacy  

Use of:  t Sig t Sig t Sig t Sig t Sig 

Cell office, conventional 2.161* 0.032 -1.277 0.203 2.221* 0.027 -0.367 0.714 -2.921** 0.004 

Team office, conventional 0.227 0.821 -1.568 0.118 0.722 0.471 -1.500 0.135 -0.966 0.335 

Open space, conventional 1.191 0.234 -1.464 0.144 -1.105 0.270 -0.664 0.507 -0.864 0.388 

Open space, activity-based -2.601** 0.010 3.641** 0.000 -2.381* 0.018 1.033 0.302 3.334** 0.001 

Concentration cell, activity-based -1.998* 0.047 3.640** 0.000 -2.240* 0.026 -0.239 0.811 2.362* 0.019 

Cell office, activity-based -0.336 0.737 0.066 0.948 -1.801 0.073 1.748 0.086 1.138 0.356 

 
Table A11: Bivariate analyses between new work environment variables and satisfaction scores (t-tests) 

Satisfaction with Regulation of 
interaction 

Indoor climate Pleasantness Influence Functionality  

Use of:  t Sig t Sig t Sig t Sig T Sig 

Cell office, conventional -4.469** 0.000 -2.134* 0.034 4.174** 0.000 -2.723** 0.007 -0.177 0.867 

Team office, conventional 4.341** 0.000 -1.033 0.303 1.490 0.137 -3.555** 0.000 -2.331* 0.020 

Open space, conventional 1.572 0.117 1.072 0.294 0.593 0.467 -1.884 0.060 1.273 0.204 

Open space, activity-based -0.205 0.838 1.907 0.057 -5.659** 0.000 5.030** 0.000 0.849 0.397 

Concentration cell, activity-based -2.674** 0.008 1.337 0.182 -4.453** 0.000 3.331** 0.001 -0.288 0.773 

Cell office, activity-based -0.172 0.864 0.922 0.357 -2.294* 0.022 2.503* 0.013 1.413 0.159 
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Appendix 9: Samenvatting (Nederlands - Dutch) 

Inleiding 

De afgelopen decennia is de economie in de westerse landen veranderd in een 
kenniseconomie (Greene & Myerson, 2011). Kenmerkend voor deze economieën is dat het 
menselijk kapitaal – de kenniswerker – als het belangrijkst wordt gezien voor bedrijven 
(Haynes, 2007b). Daarnaast hebben de snelle ICT-ontwikkelingen de aard van het werk 
drastisch veranderd, waardoor werknemers de mogelijkheid hebben om overal op elk 
tijdstip te werken. Als reactie op deze ontwikkelingen is het activity-based kantoorconcept – 
oftewel Het Nieuwe Werken – ontstaan (Van der Voordt & d'Ancona, 2013). In deze 
kantoren zijn de werkplekken niet meer toegewezen aan individuele werknemers, maar 
horen deze gebruikt te worden op basis van de uit te voeren activiteit (Becker, 1999). 
Hiermee voldoet dit kantoorconcept aan het idee dat de werkomgeving toegevoegde waarde 
kan hebben voor een bedrijf, wat het belangrijkste aandachtspunt van Corporate Real Estate 
Management is (Appel-Meulenbroek, 2014). Het Nieuwe Werken wordt namelijk gezien als 
een mogelijkheid om productiviteit en tevredenheid te verhogen, het imago van het bedrijf 
te verbeten, flexibiliteit te vergroten, en kosten te reduceren (Pouwelse, 2013). Het 
kostenbesparende potentieel van dit kantoorconcept is aannemelijk; door het delen van 
werkplekken is minder ruimte nodig (Hoendervanger, et al., 2015; Van der Voordt & 
d'Ancona, 2013). Daarnaast wordt verondersteld dat de productiviteit en tevredenheid 
vergroten door de toegenomen autonomie en keuzevrijheid en de hoge esthetische waarde 
van deze kantoren (Ekstrand, et al., 2015; Van der Voordt & Van Meel, 2002). Echter, deze 
effecten zijn nog onduidelijk, en bestaand onderzoek toont inconsistente en tegenstrijdige 
resultaten (e.g. Van der Voordt, 2004). Het activity-based kantoorconcept heeft inderdaad 
ook een aantal nadelen, in vergelijking met conventionele kantoren. Deze kantoren bestaan 
grotendeels uit open ruimtes, die negatief zijn voor concentratie en privacy (Appel-
Meulenbroek, et al., 2015a; De Been & Beijer, 2014). Bovendien schendt het delen van 
werkplekken andere behoeftes, zoals personalisatie en statusexpressie (Van der Voordt & 
Van Meel, 2002). 

Daarom is het belangrijk om meer onderzoek te doen naar tevredenheid met het activity-
based kantoorconcept, in vergelijking met conventionele kantoren, en gebaseerd op deze 
behoeftes. Daarnaast zou het interessant zijn om persoonlijke verschillen in deze behoeftes 
te analyseren, omdat hier ook nog weinig onderzoek naar gedaan is. Vooral het effect van 
leeftijd is interessant, maar ook onduidelijk. Het Nieuwe Werken sluit namelijk aan bij de 
jongste generatie werknemers, die meer mobiel worden en meer affiniteit met ICT hebben  
(Baane, Houtkamp, & Knotter, 2011), maar het is onduidelijk of dit concept ook aansluit bij 
de behoeftes van oudere werknemers. Daarnaast kunnen andere persoonlijke kenmerken 
ook relevant zijn, want de huidige kenniswerker is aanzienlijk diverser geworden (Venezia & 
Allee, 2007). Dit heeft geleid tot de volgende probleemstelling: 

In welke mate hebben verschillen in behoeftes en werkplekgebruik door persoonlijke 
kenmerken en activiteitenpatronen effect op werknemerstevredenheid met de 
werkomgeving in verschillende kantoorconcepten?  

Theoretisch kader 

In de vorige eeuw zijn verschillende kantoorconcepten ontstaan. Kantoorconcepten kunnen 
onderscheiden worden op drie aspecten: de locatie, de layout, en het gebruik (De Croon, et 
al., 2005). De echte traditionele kantoren zijn celkantoren (in Europa) en grote, open 
kantoorruimtes (in de Verenigde Staten; Duffy, 1997). Later ontstonden ook teamkantoren 
(kleinere open ruimtes) en combikantoren (Berlee, 2012). Deze concepten variëren vooral in 
layout. Het activity-based kantoor is echter ook onderscheidend vanwege het locatie-aspect 
(thuis werken is ook mogelijk) en het gebruik (flexibel en activiteit-gerelateerd; Becker, 
1999). Daarnaast vertonen deze kantoren vaak ook een grotere diversiteit aan werkplekken 
(Groenen, 2010). De meeste werkplekken zijn vergelijkbaar met conventionele kantoren, 
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zoals celkantoren, werkplekken in open ruimtes, vergader- en projectruimtes, en 
faciliterende ruimtes, zoals pantry’s en printerruimtes. Echter, activity-based kantoren 
hebben vaak ook andere werkplekken, zoals concentratiecellen en stilteruimtes, informele 
ruimtes, en teamtafels in open ruimtes (Groenen, 2012). Deze variatie moet adequaat zijn om 
de productiviteit en tevredenheid te waarborgen (Van der Voordt, 2004). Echter, niet alleen 
het fysieke aspect is belangrijk, maar ook het gedrag. Inadequaat gebruik van dit 
kantoorconcept kan negatieve gevolgen hebben voor de tevredenheid (Hoendervanger, et 
al., 2015). 

Om het effect van de werkomgeving – en dus van de verschillende kantoorconcepten en de 
bijbehorende werkplekken – op de werknemer te begrijpen, kunnen de inzichten van 
omgevingspsychologie van toegevoegde waarde zijn. Volgens de omgevingspsychologie is de 
relatie tussen werkomgeving en werknemer eigenlijk een wederkerige relatie (Bell, et al., 
2001b); de werkomgeving heeft effect op de werknemer en zijn tevredenheid, maar de 
werknemer heeft ook behoeften voor de werkomgeving en kan er invloed op uitoefenen 
door werkplekkeuzegedrag. Er moet een goede fit zijn tussen beide om tevredenheid te 
vergroten. Een misfit tussen werkomgeving en werknemer kan dus leiden tot 
ontevredenheid (Heijs, 2006; Hardin & Donaldson, 2014). Celkantoren zijn over het 
algemeen positief voor tevredenheid, terwijl open ruimtes vaak tot negatieve reacties leiden  
(e.g. Bodin-Danielsson & Bodin, 2008). Ondanks dat open ruimtes verondersteld worden 
positief te zijn voor communicatie, worden ze veelal geassocieerd met diverse nadelen, zoals 
afleiding, gebrek aan privacy, en geen controle over het binnenklimaat (e.g. Kim & de Dear, 
2013; Brennan, Chugh, & Kline, 2002; Lee & Brand, 2005). Activity-based kantoren bestaan 
over het algemeen ook uit open ruimtes. Echter, in deze kantoren wordt geprobeerd deze 
nadelen te reduceren door ook omsloten ruimtes toe te voegen en een goed binnenklimaat 
te garanderen, en gecompenseerd door een hoge esthetische waarde en ergonomisch 
meubilair (Vos & Van der Voordt, 2001; Van der Voordt & d’Ancona, 2013). Maar het activity-
based kantoorconcept heeft ook andere nadelen, namelijk de schending van psychologische 
behoeften als personalisatie (Van der Voordt & Van Meel, 2002). Zoals blijkt uit deze 
bevindingen, kan tevredenheid het best omschreven worden als de mate waarin de 
werkomgeving voldoet aan de behoeftes van de werknemers (Van der Voordt, 2004). Sterker 
nog, behoeftes zijn essentieel, en zullen tot ontevredenheid leiden als zij niet vervuld 
worden. Daarmee onderscheiden zij zich van voorkeuren, die niet essentieel zijn, maar wel 
tevredenheid kunnen verhogen (Rothe, et al., 2011). Het is bovendien moeilijk om complete 
te zijn ten opzichte van voorkeuren (Heijs, 2007). Daarom worden alleen behoeftes 
betrokken in dit onderzoek. Deze behoeftes betreffen omgevingscomfort, werkgerelateerde 
behoeftes, en psychologische behoeftes (Vischer, 2007b+2008). Toch is het aannemelijk dat 
deze behoeftes variëren tussen werknemers, op basis van leeftijd, geslacht, mobiliteit, 
activiteitenpatroon (Rothe et al., 2011) of persoonlijkheid (Oseland, 2009).  

Dus, tevredenheid is een resultaat van zowel kantoorconcept als persoonskenmerken en 
activiteitenpatronen. Van deze effecten wordt aangenomen dat zij gedeeltelijk gemedieerd 
worden door behoeftes en werkplekgebruik. De tevredenheid met de vervulling van deze 
behoeftes zal leiden tot algemene tevredenheid met de werkomgeving, wat weer kan leiden 
tot een hogere gepercipieerde productiviteit. Het conceptueel model in Figuur 0.1 
visualiseert dit.  
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Methodologie  

Om het conceptueel model in dit onderzoek te testen, wordt kwantitatief onderzoek 
uitgevoerd. Voor de datacollectie is een digitale enquête ontwikkeld, om een groot aantal 
respondenten te verkrijgen. Tussen 8 september en 28 oktober 2015 zijn 21 organisatie 
gecontacteerd om deel te nemen, waarvan 13 toegestemd hebben om de enquête te 
verspreiden onder de werknemers. De selectie van deze bedrijven was voornamelijk 
gebaseerd op het feit dat bekenden hier werkten. Deze selectiemethode is uiteraard niet 
willekeurig, wat consequenties heeft voor de generaliseerbaarheid. De enquête is afgenomen 
tussen 21 oktober en 27 november 2015. 327 van de 1014 gecontacteerde werknemers hebben 
deelgenomen, wat heeft geleid tot een responspercentage van 32,3%. Uiteindelijk zijn 322 
cases gebruikt in de analyses.  

De enquête bevatte alle variabelen in het conceptueel model, behalve kantoorconcept. Dit is 
gevraagd aan de contactpersonen. Kantoorconcept kan dus gezien worden als de manier 
waarop het gebouw gebruikt wordt, en beslaat concreet het onderscheid tussen 
‘conventioneel’ en ‘activity-based’. Dit onderscheid indiceert ook grotendeels het verschil 
tussen vaste en flexibele werkplekken. Het fysieke aspect van de werkplekken wordt 
meegenomen in de werkplekvariabelen. De volgende werkplekken zijn beschouwd: 
‘celkantoor’, ‘werkplek in open ruimte’, ‘teamkantoor’, ‘concentratiecel’, ‘teamtafel in open 
ruimte’, ‘vergaderruimte’, en ‘andere ruimtes’. De beschouwde persoonskenmerken zijn 
leeftijd, geslacht, externe mobiliteit, jaren bij organisatie, opleidingsniveau, en positie. Voor 
persoonlijkheid zijn de aspecten van de Big Five (e.g. Hartog, 2015) overgenomen: 
‘extraversie’, ‘sympathie’, ‘ordelijkheid’, ‘emotionele stabiliteit’, en ‘openheid voor 
ervaringen’. Activiteitenpatroon is geoperationaliseerd met de activiteiten ‘individueel 
concentratiewerk’, ‘individueel ongeconcentreerd werk’, ‘formele communicatie’, ‘informele 
communicatie’, ‘telefoneren’, en ‘andere activiteiten’.  

Daarnaast zijn van de volgende aspecten het belang gevraagd, om te behoeftes te bepalen: 
‘concentratie’, ‘privacy’, ‘communicatie’, ‘nabijheid van collega’s’, ‘ergonomie’, ‘ruimte’, 
‘opslagruimte’, ‘binnenklimaat’, ‘controle over binnenklimaat’, ‘licht’, ‘personalisatie’, 
‘statusexpressie’, ‘ontspanning’, ‘autonomie en keuzevrijheid’, en ‘esthetiek’. Na een 
principale componentenanalyse kunnen er vijf behoeftes vastgesteld worden: 

 Comfort (binnenklimaat controle over binnenklimaat, licht, ruimte, ergonomie)  
 Territorialiteit (ruimte, opslagruimte, personalisatie, statusexpressie) 
 Plezierigheid (autonomie, esthetiek, ontspanning) 
 Communicatie (communicatie, nabijheid van collega’s) 
 Privacy & concentratie 

Om de tevredenheid met de vervulling van deze behoeftes te bepalen, zijn dezelfde aspecten 
gebruikt. Deze scores zijn ook gereduceerd met principale componentenanalyse: 

 Regulatie van interactie (communicatie, nabijheid van collega’s, concentratie, 
privacy) 

 Binnenklimaat (binnenklimaat, controle over binnenklimaat, licht) 
 Plezierigheid (autonomie, ontspanning, esthetiek, ergonomie) 
 Invloed (personalisatie, statusexpressie, opslagruimte, autonomie) 
 Functionaliteit (ruimte, opslagruimte, ergonomie) 

 
Door de complexiteit van het model, is padanalyse gebruikt als statistische analyse. 
Padanalyse is vergelijkbaar met multipele regressie, maar analyseert tegelijkertijd zowel 
directe als indirecte effecten (Nooij, 1995; Howitt & Cramer, 2007). Daarom is padanalyse 
geschikt om de mediërende effecten in het model te analyseren. Voor de uitvoering hiervan 
is het programma LISREL gebruikt. Desalniettemin bevatte het model teveel variabelen en 
relaties. Daarom zijn bivariate analyses uitgevoerd om insignificante relaties uit het model te 
laten. Daarnaast zijn algehele tevredenheid met de werkomgeving en productiviteit alleen 
meegenomen in de bivariate analyses, om de complexiteit van het model te reduceren. 
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Resultaten 

De bivariate analyses tonen dat er inderdaad een significant verband is tussen de 
gepercipieerde productiviteit en algehele tevredenheid met de werkomgeving. Daarnaast 
dragen tevredenheid met de regulatie van interactie, het binnenklimaat, plezierigheid en 
functionaliteit ook significant bij aan de algehele tevredenheid met de werkomgeving. Alleen 
tevredenheid met invloed heeft geen significante bedrage. Deze resultaten impliceren dat 
het belangrijk is om de tevredenheid met de vervulling van de behoeftes te verhogen, omdat 
dit ook de algehele tevredenheid en productiviteit verhoogt.  

Daarnaast onderschrijven de bivariate analyses de veronderstelde relaties in het conceptueel 
model. Dus: behoeftes lijken beïnvloed te worden door kantoorconcept, activiteiten, en 
persoonskenmerken; werkplekgebruik lijkt af te hangen van kantoorconcept, activiteiten, 
kantoorconcept, en behoeftes; en tevredenheid met de vervulling van behoeftes lijkt af te 
hangen van kantoorconcept, persoonskenmerken, behoeftes, en werkplekgebruik. Uiteraard 
zijn niet alle specifieke relaties tussen de aparte variabelen binnen deze variabelengroepen 
significant. Alleen de significante relaties zijn ingevoerd in het padmodel. Niet alle relaties 
bleven significant in het padmodel, en werden daarna weer verwijderd. Bovendien werden 
de persoonskenmerken ‘positie’, ‘opleidingsniveau’ en ‘jaren bij organisatie’ en de 
werkplekken ‘teamtafel in open ruimte’, ‘vergaderruimte’ en ‘andere ruimtes’ al bij voorbaat 
uitgesloten van het padmodel, om de complexiteit te verminderen. Daarnaast konden de 
werkplekvariabelen niet als mediërende variabelen gebruikt worden, omdat zij in nominale 
dummyvariabelen omgezet moesten worden, vanwege de niet-normale verdeling. Daarom 
zijn deze variabelen gecombineerd met kantoorconcept en gebruikt als onafhankelijke 
variabelen. De relaties (en variabelen) die significant bleven in het padmodel zijn 
weergegeven in Figuur 0.2.   

Zoals te zien is in de figuur, zijn de effecten van de persoonsvariabelen vrij beperkt. De 
effecten van de werkomgeving – kantoorconcept en werkplekgebruik – zijn aan de andere 
kant vrij uitgebreid. Daarnaast zijn er ook een aantal relaties tussen behoeftes en de 
tevredenheidscores, waardoor er indirecte relaties zijn. Deze relaties tussen behoeftes en 
tevredenheid zijn grotendeels negatief, zoals verwacht. Als een behoefte hoger is, zal het 
moeilijker zijn om deze te vervullen, waardoor eerder ontevredenheid ontstaat over de 
vervulling van die behoefte (Lee, 2006). Dus, een hogere behoefte voor comfort leidt tot 
lagere tevredenheid met het binnenklimaat. Daarnaast leidt een hogere behoefte voor 
territorialiteit in lagere tevredenheid met de functionaliteit (ruimte valt hieronder), en een 
hogere behoefte voor privacy resulteert in een lagere tevredenheid met de regulatie van 
interactie. Aan de andere kant zorgt een hogere behoefte voor communicatie juist in meer 
tevredenheid met dit aspect. Dus, dit kan erop duiden dat de kantoren in de steekproef over 
het algemeen positief zijn voor communicatie.  

Deze behoeftes zijn bruikbaar om het effect van de persoonlijke kenmerken op tevredenheid 
te verklaren, omdat een groot deel van deze effecten indirect door deze behoeftes gaat. 
Oudere werknemers zijn significant minder tevreden met de regulatie van interactie, omdat 
zij minder behoefte aan communicatie hebben. Dit effect is echter klein. Werknemers die 
meer tijd besteden aan ongeconcentreerd werk zijn juist meer tevreden met dit aspect, door 
hun lagere behoefte aan privacy. Daarnaast hebben werknemers met een hogere externe 
mobiliteit een lagere behoefte voor territorialiteit, en zijn daardoor meer tevreden met de 
functionaliteit. Werknemers die meer tijd besteden aan telefoneren hebben juist een hogere 
behoefte voor territorialiteit, en zijn dus minder tevreden met dit aspect. Er zijn ook diverse 
directe effecten van de persoonsvariabelen op de tevredenheidsscores. Emotionele stabiliteit 
heeft een direct en positief effect op tevredenheid met de regulatie van interactie. Een 
hogere externe mobiliteit is juist negatief voor dit aspect. Daarnaast heeft ordelijkheid een 
negatief effect op tevredenheid met het binnenklimaat. Sympathie heeft hier juist een direct 
positief effect op. Ten slotte heeft extraversie een significant effect op de behoefte voor 
communicatie, en geslacht beïnvloedt significant de behoefte voor comfort; de indirecte 
effecten van deze twee variabelen op de tevredenheidsscores waren echter niet significant.    
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Figuur 0.2: Definitief padmodel 

 
De effecten van de omgevingsvariabelen zijn aanzienlijk uitgebreider. De meeste effecten 
zijn ook direct. Tevredenheid met de regulatie van interactie varieert behoorlijk tussen de 
verschillende kantoorconcepten en werkplekken. Tevredenheid met de regulatie van 
interactie is het hoogst voor conventionele kantoorcellen, en het laagst voor conventionele 
open ruimtes en teamkantoren. Het activity-based concept lijkt ook positief te zijn voor dit 
aspect, maar indirect door de lagere behoefte aan privacy in deze kantoren. Bovendien kan 
tevredenheid met de regulatie van interactie verhoogd worden in activity-based kantoren 
door het gebruik van concentratiecellen. Daarnaast heeft het acitvity-based concept (het 
gebruik van open ruimtes in dit kantoorconcept is eigenlijk een duidelijke indicator voor het 
concept in het algemeen, omdat bijna iedereen in deze kantoren de open ruimtes gebruikt) 
effect op de andere tevredenheidsscores. Het concept heeft een direct en negatief op 
tevredenheid met invloed (o.a. personalisatie), wat verwacht was vanwege het clean-desk-
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beleid. Daarnaast heeft dit concept een direct en positief effect op tevredenheid met 
plezierigheid, wat ook logisch is vanwege de grotere autonomie, esthetiek, en aandacht voor 
ontspanning in deze kantoren. Daarnaast is er een indirect negatief effect op tevredenheid 
met het binnenklimaat, als gevolg van een hogere behoefte aan comfort in activity-based 
kantoren. Het is opmerkelijk dat hetzelfde effect niet gevonden is voor open ruimtes in 
conventionele ruimtes, omdat dit een veelvoorkomend nadeel is van open 
kantooromgevingen (e.g. Kim & de Dear, 2013). Ten slotte is ook tevredenheid met 
functionaliteit hoger in activity-based kantoren, vanwege de lagere behoefte voor 
territorialiteit. Het conventionele teamkantoor is ook positief voor het laatste aspect. Over 
het algemeen heeft dus vooral het activity-based concept veel effect op de 
tevredenheidsscores.   

Conclusie en discussie 

Dit onderzoek toont aan dat de benadering gebaseerd op behoeftes adequaat is, aangezien 
een aantal effecten van de persoonsvariabelen en kantoorconcept gemedieerd worden door 
de behoeftes. Daarnaast integreert dit onderzoek tevredenheidsonderzoek, behoefteanalyse, 
en onderzoek naar werkplekkeuzegedrag. Daardoor is dit onderzoek vernieuwend, en heeft 
het zowel een theoretische als een methodologische bijdrage.  

Het onderzoek laat zien dat tevredenheid niet enkel bepaald wordt door de werkomgeving, 
maar ook door persoonlijke verschillen en behoeftes. Echter, de effecten van de 
werkomgeving die gevonden zijn in dit onderzoek waren wel uitgebreider. De resultaten 
laten ook zien dat het activity-based concept geen panacee is, want het concept heeft zowel 
voordelen als nadelen. Tevredenheid met plezierigheid en functionaliteit is hoger in deze 
kantoren, terwijl tevredenheid met invloed en het binnenklimaat lager is. Tevredenheid met 
de regulatie van interactie is hoger in celkantoren, maar lager in teamkantoren en open 
ruimtes in conventionele kantoren. Deze resultaten zijn grotendeels zoals verwacht. 
Daarnaast zijn effecten van persoonlijke kenmerken gevonden, maar deze waren niet 
uitgebreid. Vooral het effect van leeftijd was minder dan verwacht.     

Gebaseerd op dit onderzoek kunnen meerdere aanbevelingen voor vervolgonderzoek gedaan 
worden. Deze aanbevelingen hebben betrekking op de datacollectie, data-analyse, 
steekproef, en inhoud. Met betrekking tot de datacollectie, kan observatie de accuratesse 
van de activiteit- en werkplekgebruik-variabelen vergroten. Met betrekking tot de analyses 
zou het interessant zijn om ook interactie-effecten te testen, naast enkel mediërende 
effecten. Wellicht kunnen de interactie-effecten van persoonlijke kenmerken uitgebreider 
zijn. De steekproef kan ook uitgebreid worden, door combikantoren en meer 
kantoorlandschappen te betrekken, maar ook andere landen. Deze waren niet 
vertegenwoordigd in dit onderzoek. Daarnaast kunnen ook organisaties van andere groottes 
en types betrokken worden, om de generaliseerbaarheid te vergroten. Ten slotte kunnen 
meer variabelen toegevoegd worden, zoals weerstand tegen verandering, en de tijd die 
verstreken is sinds implementatie van het Nieuwe Werken. Omdat dit onderzoek niet 
gericht was op enkel het activity-based concept, zijn deze variabelen niet meegenomen. 

De resultaten van dit onderzoek hebben ook praktische relevantie. Ten eerste toont dit 
onderzoek dat het mede van de oorspronkelijke situatie afhangt of het Nieuwe Werken een 
verbetering zal zijn. Uit dit onderzoek blijkt dat – met name betreffende privacy – 
tevredenheid nog altijd hoger is in conventionele celkantoren, maar lager in teamkantoren 
en open ruimtes in conventionele kantoren. Ten tweede, het hangt van de werknemers zelf 
af of zij het Nieuwe Werken als een verbetering zien, afhankelijk van hun behoeftes. Dus, 
deze behoeften en mogelijke interpersoonlijke verschillen moeten in acht genomen worden. 
Ten slotte moet het activity-based kantoor adequaat gebuikt worden om positief te zijn voor 
tevredenheid. Dit betekent dat er een goede variatie van verschillende werkplekken moet 
zijn. Daarnaast moet het management ook voldoende aandacht besteden aan de 
voorbereiding, inlichting, en stimulering van de werknemers om hun gedrag te veranderen, 
wat noodzakelijk is voor een adequaat gebruik van dit concept.  


