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ABSTRACT 

Lack of enough activity during the day in the workplace has become a serious issue 

resulting in obesity and health problems. This research explores how interior layout of 

workspace can affect employeesô number of steps and face-to-face- interactions and also 

investigates whether face-to-face interactions relate to job satisfaction. Twenty one 

participants were recruited and the data was collected through completing self-report 

forms to report the number of steps and interactions the participants had daily for ten 

business days. The data was analyzed using the linear mixed effect models, correlations, 

ANOVA, and t-tests. The findings support both social ecological model and space syntax 

theory with positive relationships among distance, depth, the number of steps and 

interaction, and moderate variables (personal, organizational, and environmental factors). 

However, there is no significant correlation between interactions and job satisfaction. 

Since limited studies have been conducted to examine a correlation between movement 

and interaction in work environments, this research fill s the gap of findings from previous 

literature and makes recommendations for future research.  

Keywords: working environments, spatial layout, distance, depth, physical 

activity, movement, face-to-face interaction, job satisfaction 
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CHAPTER 1: INTRODUCTION  

Background and Context 

An increased risk for various chronic diseases, such as diabetes, obesity, and some 

types of cancers result from being insufficiently active (Britain, Donaldson, & Britain, 

2004; Dishman, Heath, & Lee, 2012). More than one third of adults in the worldôs 

industrialized nations are not active enough to receive physical health benefits (U.S. 

Department of Public Health Service, 1996; World Health Organization, 2011). People can 

achieve positive effects on health by being moderately-to-vigorously active on a regular 

basis (Paffenbarger Jr, Hyde, Wing, & Hsieh, 1986; Prodaniuk, Plotnikoff, Spence, & 

Wilson, 2004). Possible short-term and long-term beneficial health effects, for example, 

can be weight reduction and lower risk of getting chronic diseases. Paffenbarger Jr et al. 

(1986) found out two facts by examining 11,000 alumni of Harvard University, after 

controlling for possible influential factors such as demographics: 1) There is a 20% lower 

chance to having a stroke or death from all causes for people who climbed 20 floors per 

week, and 2) People can reduce their weight at least 1.2 pounds per year by climbing 

stairs for an extra two minutes per day.  

However, based on the report of the City of New York (2010), the reality is that 

the majority of people spend almost 90% of their time working indoors. As their jobs are 

mostly sedentary (Stokols, Pelletier, & Fielding, 1996), the notable problem is inactivity 

among workers. From a multidisciplinary perspective, there are some factors to hinder 

physical activity in working environments, besides spatial layouts. Since office chairs are 

designed for comfort and ergonomics, fewer movements are made, such as shifting or 

repositioning oneself while sitting in a chair (Wells, Ashdown, Davies, Cowett, & Yang, 
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2007). Therefore, employees can be easily observed doing these actions: they send emails 

instead of visiting a coworkerôs cubicle and roll across the room to reach something 

instead of standing up (Wells et al., 2007).  

In response to the potential hazard from inactivity and the fact that people spend 

most of their days in buildings, researchers have started the meaningful impact from 

sufficient activity, and trying to promote physical activity as much as they can during the 

day. Undeniably, a well-designed and activity-friendly office layout can provide 

employees with hidden health benefits, since peopleôs movements are largely affected by 

the spatial layout. According to Zimring, Joseph, Nicoll, and Tsepas (2005), activity-

friendly buildings have visibility, accessibility, pleasant, and supportive features to 

motivate people to be more active. Hence, countless studies about understanding the 

behavioral determinants of physical activities in various environments, and the effects of 

interventions, have been examined (Bauman, Sallis, Dzewaltowski, & Owen, 2002; 

Dewulf, Neutens, Van Dyck, De Bourdeaudhuij, & Van de Weghe, 2012; Prodaniuk et al., 

2004; Sallis, Bauman, & Pratt, 1998; Wells et al., 2007; Zimring et al., 2005). For 

instance, as the guideline of the City of New York (2010) says, architects and interior 

designers can encourage forming physical activity, one of habitual behaviors, through a 

spatial design providing prominent and aesthetically attractive stairs rather than 

encouraging the use of elevators. Organizing commonly used areas, such as restrooms, 

cafeterias, copier rooms, mailrooms, and meeting rooms, in pleasant walking distances 

from individual workstations can also promote walking or travel in office environments 

(City of New York, 2010).  

Being active in working environments can result in environmental benefits as well. 
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According to the U.S. Department of Health and Human Services (2001), since roughly 

three to ten percent of a buildingôs energy is typically used for elevators, using stairs 

rather than elevators can reduce energy consumption, which would eventually lead to 

reduction of greenhouse gas emissions. Another possible beneficial outcome from 

increased movement in working environments can be an increased access towards 

information and ideas (Wineman & Peponis, 2010) due to the higher possibility of 

communication among colleagues. The longer the distance workers need to make to get 

to their destination from their workstations, the more opportunities workers have to meet 

and/or to communicate with other people in the working place.  

Research Questions 

The following three research questions emerged for this study:  

1) Does distance between destinations, which are influenced by spatial layout of 

the office environment, increase workersô movements? 

2) How does workersô movement promote interaction and conversation among 

coworkers while they move around the office? 

3) During communication, do workers feel socially connected with each other? If 

so, does a socially enhanced feeling affect their job satisfaction? 

Definitions of Key Terms 

Working environment refers to a spatial area having a functional role for 

producing any profits as a corporation. As the term has its origin in environmental 

psychology, any physical spaces designed and used for specific activities can be defined 

as the concept of workspace, and the places have peopleôs social and professional 

relationships (Fischer, McCall, & Morch, 1989). The people, who are doing specific 
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activities such as producing profits, are also called as workers.  

Layout refers to a part of something that is physically arranged or set up in a 

particular way. A spatial layout means, especially, the way components in an interior area 

are arranged. 

Distance means an amount of space between two points along a path, and it can 

be described as long or short. Therefore, in this paper, distance between two or more 

destinations in working environments means the physical linear length of circulation 

routes in the space to travel to get from one point to another.  

Depth indicates a degree or the number of space people have to pass through from 

one space to another, and it can be expressed as less or greater.  

Physical activity will be described as activity relating to the body movements, 

which also will be defined as a walking behavior along any possible path, in this paper.  

Interaction means having verbal or non-verbal conversation or communication 

with one or more people. There are two different types of interaction: planned and 

unplanned interaction. The purpose of planned interactions is usually set up before 

initiating conversation with others, and planned interactions mostly occur in formally 

scheduled meeting rooms or individual workstations. Unlike planned interactions, 

unplanned interactions do not have any initial purpose and can occur anywhere, as an 

outcome of co-presence or movement in offices (Hillier, 2007; Hillier, Penn, Hanson, 

Grajewski, & Xu, 1993; Peponis et al., 2007; Peponis & Wineman, 2002).  

Job satisfaction refers to an overall emotional fulfillment of employeesô 

expectations or pleasure, and the fulfillment can be oriented from working environments. 

There are diverse correlated factors with job satisfaction, such as environmental features, 
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physical conditions, or overall environmental satisfaction. It can be usually measured in 

multidimensional terms. 

Purpose and Significance of Research 

In this research, the pattern and the hypothetical effects of interactions among 

coworkers will be discussed as a main result of physical activity. Studies have found that 

the fundamental impact of physical activity is positive health benefits (Paffenbarger Jr et 

al., 1986; Prodaniuk et al., 2004; United, 1996; World, 2011), because the action of 

movement is literally the byproduct of making the body move. In order to have face-to-

face conversations, employees need to get up and take a stroll in the office. Even if the 

purpose of the walk is not to have face-to-face interactions with other people, and 

employees walk around for diverse reasons depending on their destinations (e.g., 

restrooms, copier rooms, or kitchen area), the possibility to have unplanned interactions 

with others can be created. Therefore, employees engage in social interaction with 

coworkers, and in that process they are able to feel socially enhanced to each other, since 

even a small talk can bring socially attached feelings. During the conversation, they can 

also come up with useful information when they are talking about their ongoing projects, 

and a person who is not related to the project can possibly suggest a third opinion to a 

certain unsolved problem. Furthermore, the physical activity and communication among 

colleagues enables workers to become refreshed from their routine work by getting away 

from their computer. In this study, job satisfaction is able to eventually be an anticipated 

advantage from these benefits of an increased distance between destinations which can 

make workers move around more. 

Based on the research questions and the significance of this research, Chapter 2 
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explores a detailed literature review on the findings about spatial layout, movement, 

interactions, job satisfaction, and habitual behavior. Chapter 2 also provides conceptual 

framework for this research by reviewing social ecological model and space syntax 

theory.  
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CHAPTER 2: REVIEW OF LITERATURE  

Overview of Context 

 This chapter reviews current literature on the relationships between 1) interior 

layout and peopleôs movement, 2) peopleôs movement and their interactions, and 3) 

peopleôs interactions and satisfaction. Additionally, this chapter covers literature review 

on 4) habitual behavior, and 5) social ecological model and space syntax theory which 

establish the theoretical frameworks for this research. Throughout this chapter, important 

and related concepts, keywords and variables will be defined and identified as they relate 

to the study of physical movement and interaction in working environments.   

Literature Review 

Layout and Movement 

Winston Churchill once said, ñWe shape our buildings and afterwards, our 

buildings shape us.ò It is obvious that human beings are affected by environments, such 

as building design or interior layout, and vice versa. Various studies have been conducted 

to define the correlation between spatial layout and movement, and they found a positive 

relationship between the two variables (Penn, Desyllas, & Vaughan, 1999; Rashid, 

Kampschroer, & Zimring, 2006; Wells et al., 2007; Zimring et al., 2005). Zimring et al. 

(2005) state that there are three main characteristics of building design that can especially 

either promote or deter physical activity: ñ1) the provision and design of activity-

programmed spaces, 2) the provision and desirability of activity-inducing spaces and 

amenities, and 3) the design of the buildingôs circulation systemò (p. 190).  

In fact, there are some features that hinder physical activity, such as unneeded 

escalators, overemphasized elevators, and obstacles including grade changes, and non-
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ergonomic design (Leibrock & Harris, 2011). However, activity-inducing spaces, such as 

cafeterias, mailrooms, or snack bars in offices can give employees opportunities for 

walking. The buildingôs circulation system, including corridors, elevators, stairs, and 

lobbies, can motivate workers to engage in physical activity as well (Zimring et al., 2005). 

Among the building elements, stairs have the highest potential to impact physical activity, 

since most buildings have them and people can use them easily. Furthermore, based on 

the benefits of physical activity, the City of New York (2010) made a guideline for both 

architects and interior designers to consider a way to include stairs in the building layout 

to promote workers to move more. There has been also an increasing interest in the 

effects of this kind of intervention for encouraging physical activity in working 

environments among researchers (Grzywacz & Fuqua, 2000; Prodaniuk et al., 2004; 

Wells et al., 2007; Zimring et al., 2005). 

Notwithstanding the positive effects from physical activity, an individualôs 

intention, among other personal factors which play a moderating role, is the most 

significant factor in determining oneôs movements. Zimring et al. (2005) define three 

different types of activity: 1) recreational physical activity is the byproduct of activity for 

recreation or pleasure as a purpose such as working out at gyms, 2) instrumental physical 

activity is routine activity without any pleasure purposes, such as walking to a bus stop, 

and 3) hybrid physical activity is choosing to be active, even though the choice is not the 

primary goal, such as walking instead of driving a car. Hybrid physical activity is the 

most ideal type of activities, but it requires some degree of intention to perform it. 

Therefore, to encourage hybrid physical activity, designers need to acknowledge the 

relationship between layout and personal intention. Even though most individuals prefer 
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to follow along a direct and the shortest line, there are always available choices to choose 

a path, depending on the preference of the individuals. 

Environmental factors are critical to the relationship between spatial layout and 

movement. For example, technology has been developed during the past 100 years to 

make everyday burdens from in home as well as in the working environment easier 

(Wells et al., 2007). Bassett, Schneider, and Huntington (2004) explored the relationship 

between technology and physical activity, and found that the Amish walk roughly 2.5 

times more than Americans̍ on average, Amish men walk 18,425 steps per day, and 

Amish women walk 14,196 steps per day. Another example is a guideline for the optimal 

distance between the stove, sink, and refrigerator, which is known as the ñCornell kitchen 

triangle,ò or ñkitchen work triangleò to minimize the steps for housewives (Child, 1914; 

Fischer et al., 1989). However, what is paradoxical here is that, even though people want 

to ease the burden by reducing steps, now this view has been changed by realizing that 

having more steps can be beneficial in many ways. Undoubtedly, a shorter path is not 

always the best. For example, the path through a museum can be designed to be long, 

because people might want to appreciate every masterpiece in that museum. Furthermore, 

for retail environments, the longer the costumersô path, the more chance they could be 

exposed to goods, which would lead to higher sales. In short, the notion about and 

relationship between layout and movement can be changed, depending on the function of 

the space.  

In the study of Penn et al. (1999), the authors delve into the correlation between 

spatial layout and movements in a working environment by analyzing two different 

layouts of company X, before and after a renovation. They conducted a post-occupancy 
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evaluation (POE) after eighteen months, including an overall observation and a survey of 

three staff members from each business. The authors found that the new layout enhanced 

interaction and communication among business units. The ñcold spotsò, the space people 

rarely use or visit, were eradicated because of a compelling effect on the intensity of 

spatial accessibility of each area (Penn et al., 1999). The pattern of movement was 

changed as well, such as indicating higher level of movement in the corridors, with 

highest level on the bridge connecting the atrium to the stairs (Penn et al., 1999). The 

POE showed an increase in the density of the organization (approximately 28%), and 

implied that the pattern of movement was greatly affected by the structure of space (Penn 

et al., 1999).  

Axial lines particularly have played a significant role in structuring the patterns of 

movement, due to the ability of connecting spaces together linearly, representing choices 

of movement routes. The pattern of movement can be greatly changed by the interior 

layout with the entrance changing directions, or the degree of depth in the axial map. 

Interior layout can also impact the tendency, people sit deep area from the entrance, and 

movement (Penn et al., 1999). To be more specific, higher levels of movement occur in 

the shallower or more integrated spaces than deeper and segregated spaces, because 

whether the degree is deep or shallow determines the pattern of movement (Penn et al., 

1999).  

Over decades, the fact that people frequently choose shorter route has been 

examined (Hill, 1982; Hoogendoorn & Bovy, 2004; Seneviratne & Morrall, 1985; 

Weinstein Agrawal, Schlossberg, & Irvin, 2008). After analyzing pedestriansô habits for 

choosing routes, Hill (1982) found that people often choose a particular route 
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subconsciously because of directness, including the distance of the route as well as its 

complexity, as a most common reason. In addition, Weinstein Agrawal et al. (2008) 

conducted a survey of pedestrians who walked to five rail transit stations to examine 

route choices. 52% of pedestrians made their route choice because of the shortest or 

fastest route, and additional 9% of them chose the route due to convenience. The authors 

also found that almost every pedestrians responded making a route choice of the shortest 

as either very important or somewhat important (e.g., 82% of responses on very 

important and 17% of responses on somewhat important). Therefore, the authors 

concluded that minimizing time and distance is pedestriansô primary consideration in 

choosing a route (Weinstein Agrawal et al., 2008). As external factors, pleasantness such 

as visual stimuli and presence of other simulations can play an important role in route 

choice and preference and walking behavior (Bovy & Stern, 1990; Hoogendoorn & Bovy, 

2004; Zimring et al., 2005). 

Movement and Interaction 

According to Penn et al. (1999), workers need to get up and move through the 

office to speak to someone or have a face-to-face conversation, and the chance of 

opportunistic meetings can be increased by moving through the office. Therefore, 

movement affected by spatial pattern can determine the walking paths to make workers 

pass coworkersô workstations (Penn et al., 1999). Passing otherôs workstations by exposes 

people to ongoing activities, which might be unrelated with oneôs work or might not need 

to be shown from oneôs workstation (Peponis et al., 2007). A positive relationship 

between the structure of space and the pattern of movement has been shown by many 

studies (Hillier, 2007; Hillier et al., 1993; Penn et al., 1999; Peponis et al., 2007), 
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however, only limited study has been conducted to examine a correlation between 

movement and interaction in working environments (Rashid et al., 2006).  

The pattern of movement is not the only one affected by the spatial layout in 

building interiors. Evidence of a positive correlation between spatial pattern and 

interaction in working organization has been studied through the layoutôs spatial analysis 

and the observation dataôs statistical analysis (Hillier, 2007; Penn et al., 1999; Peponis et 

al., 2007; Rashid et al., 2006). The main attribute is a direct impact of patterns of space 

use, depending on spatial layout, on the frequency of contact among workers in working 

environments (Penn et al., 1999), and the frequency leads to useful interaction between 

them (Hillier, 2007; Hillier et al., 1993).  

Interactions generally take place when at least one person shows his or her 

availability for conversation when someone is passing by (Penn et al., 1999). People tend 

to look straight ahead while walking, and to keep their heads down while working, for 

indicating unavailability and intention not to be disturbed. However, as soon as people 

turn to look at the common work area or other people, or look up, they can be considered 

to be available for interaction. Individuals talk to roughly 65% of all other available 

people, regardless of the distinction of different types of interaction (Peponis et al., 2007). 

Additionally, interaction can typically be defined as formal planned meeting 

conversations and informal, unplanned interactions in office organizations (Penn et al., 

1999), and the work-related and social interactions are the highest common interaction 

(Peponis et al., 2007).The fact that over 80% of work-related conversation was observed 

as unplanned conversation was found by Backhouse and Drew (1992). In terms of the 

duration of interactions, more than 70% of conversations last less than 30 seconds, and 90% 
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of conversations last less than two minutes (Penn et al., 1999).  

Some research shows that there is a strong preference of having interaction in 

individual workstation (Hua, Loftness, Kraut, & Powell, 2010; Rashid et al., 2006). After 

studying ongoing interactions at four different office, the result indicated that the majority 

of interaction take place in individual workspace (Rashid et al., 2006). Hua et al. (2010) 

also conducted a field study about 11 different office buildings in eight US cities, 

including 27 different workplace setting and 308 participants, for two years, and the 

authors subsequently found a pattern of interaction in working environment. Over 80% 

participants reported that casual conversation occurs in individual workstations, followed 

by kitchen or coffee areas of 32% participantsô choices (Hua et al., 2010). Moreover, Hua 

et al. (2010) found workers perceive high support and low distraction from work 

environments having a longer distance between the workstation and amenities. Ultimately, 

the study suggests that having a shared service and amenity area in working environment 

can play a significant role to encourage workers to engage in spontaneous encounters, 

leading to interactions for socialization, information exchange, and creative development 

(Hua et al., 2010). 

However, there are several other factors determining the pattern of interaction in 

working environments. Density of occupation and average of spatial integration, which is 

one of spatial characteristics play an important role in defining levels of interaction 

(Hillier et al., 1993). Furthermore, the notion that information exchange and 

communication, which eventually influence job productivity, can be affected by design 

and layout is supported by a flow model and a serendipitous communication model 

(Peponis et al., 2007). Based on the serendipitous communication model, people can 
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come out of their workstations due to the purpose of visiting the places serving as 

informal interaction nodes, such as cafes. Hence, frequent unplanned interaction can 

make workersô range of communication rather broader (Peponis et al., 2007). 

Furthermore, visibility, openness, accessibility, and hierarchy can either support or 

restrict chance encounters that make meaningful interactions (Rashid et al., 2006). For 

example, people who are in the more accessible spaces in the building, are greatly visible 

and reachable, because a personôs location can determine the possibility of interaction 

with others (Penn et al., 1999).  

According to the results of the study conducted by Rashid et al. (2006), based on 

the analysis of four different large officesô spatial layouts and behavior patterns, even 

though the offices offer collaborative workspace to encourage interaction outside the 

individualôs workspace, most interactions occur in the workstation. However, there is a 

considerable difference about other locations supporting interactions, such as the 

corridors or a common area, depending on the different spatial cultures of interaction in 

the office organization (Rashid et al., 2006). The spatial culture of interaction is a crucial 

factor, since the other locations for interaction are largely affected by the spatial culture 

of interaction. Those factors can drive workers to prefer having face-to-face interaction in 

individual workstations as well. The authors emphasize that organizational function and 

culture are substantial factors to determine the pattern and the goal of interaction, by 

providing plentiful evidence in terms of accessibility, visibility, and organizational 

hierarchy through a space syntax analysis (Rashid et al., 2006). 

In addition, Rashid et al. (2006) found a strong and positive correlation among co-

presence and interaction, and a weak positive correlation among movement and 
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interaction. That means, disregarding movement in these office layouts, researchers can 

predict co-presenceôs effects on interaction (Rashid et al., 2006). However, in that study, 

the authors observed and analyzed overall impact of movement on interaction in working 

environments. Unlike the previous study, in this paper, the distance of each individualôs 

travel from his/her workstation to anotherôs workstation or common area will be 

measured; therefore, the impact of an individualôs travel distance on degree of interaction 

will be examined.  

Interaction and Satisfaction 

The impacts of physical characteristics of working environments, such as the 

density of the office or the height of partitions on employeesô behavior and attitude has 

been continuously getting researchersô attention for many years (Oldham & Fried, 1987; 

Rashid & Zimring, 2008). This notion is supported by the fact that individuals have a 

tendency to communicate and interact with others when physical settings of buildings 

promote them to do so. From an occupational psychological perspective, several theories 

have explained that job satisfaction can be directly and/or indirectly affected by diverse 

factors, and job satisfaction and job performance are closely related to each other. The 

person-environment (P-E) theory, which is widely applied to organizational psychology, 

especially, explains the behavioral outcomes as the interaction/fit between a variety of P 

and E variables. Based on Parsonôs (1909) P-E fit theory, the Theory of Work Adjustment 

(TWA) was introduced (Dawis, 2005; Rounds, Dawis, & Lofquist, 1987). According to 

the TWA, working environments (e.g., atmosphere, interactions and social support among 

workers) can play a key role in convincing employees stay longer (tenure) (Rounds et al., 

1987). Emotional depletion and exhaustion will finally result in job burnout, affected by 
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both job satisfaction and job performance (Maslach, Schaufeli, & Leiter, 2001).  

From the perspective that physical layout considerably affects patterns of 

communication and social interaction, the concept of the open-plan office was introduced 

in the United States in the 1960s to spur efficient communications among workers 

(Sundstrom, Herbert, & Brown, 1982). In general, open-plan office refers to a place that 

features the absence of interior walls, partitions, or rooms (Oldham & Brass, 1979). Even 

though the main purpose of the open-plan office is greater accessibility to make 

communication easier, the openness of the space is likely to make satisfaction with 

privacy and acoustics lower at the same time. These benefits and disadvantages of open-

plan offices have remained an unsolved dilemma among practitioners for decades and are 

still being debated (Oldham & Brass, 1979; Oldham & Fried, 1987; Peponis et al., 2007; 

Rashid & Zimring, 2008; Sundstrom et al., 1982; Zimring et al., 2005). To be specific, 

one of the primary aspects that make people feel dissatisfaction from their open working 

environments can be overstimulation, i.e., too many people, too many interactions, or too 

close proximity to others (Oldham & Fried, 1987). However, in this research, interactions 

occurring exclusively during the work hours will be the focus, regardless of the degree of 

the officeôs openness. This paper will further explore the potentially increased job 

satisfaction of workers through the interactions in several ways, such as interpersonal 

familiarity, frequency of interactions, and usefulness of the information exchanged. 

The close relationship between familiarity with others and interaction, which 

would enhance attraction in turn, was established a few decades ago (Oldham & Brass, 

1979). It has been also discovered that habituations of interaction pattern and rigidity are 

able to be formulated by familiarity among teams and groups (Gorman, Cooke, Amazeen, 
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& Fouse, 2012). Gullahorn (1952) conducted a study to scrutinize frequency of 

interpersonal contact, which refers to friendship opportunities among coworkers, by 

examining 37 employees for two and a half months. According to the article, to form 

friendships among coworkers, which can fulfill employeesô social and emotional 

connectivity with others, interacting with coworkers more frequently is one of the critical 

factors. In particular, frequency of interaction plays a more significant role for the 

younger groups to develop employeesô job satisfaction through friendship, while 

proximity is a more significant factor for the older groups (Gullahorn, 1952).  

In terms of frequency of contact and familiarity among workers, as described in 

the previous section on layout and movement, Penn et al. (1999) launched a survey of 

three staff members from each business. The authors found that the mean frequency of 

both interaction and encounter with others is affected by spatial accessibility (e.g., the 

spatial isolation), and that the frequency can determine usefulness of interaction (Penn et 

al., 1999). The more frequently the worker interacts and has contact with others, the more 

that worker might feel and assume that the others are useful people and that the 

conversations produce useful information for his or her work.  

In addition, based on the fact that any increase in interaction affects organizational 

outcomes by any increase in interaction, informal communication can be seen as a 

suitable way to spread ideas (Rashid et al., 2006). A spread of information, improved 

coordination, reduced process redundancy, and greater organizational efficiency are the 

examples of benefits coming from any increased interactions. Moreover, both 

performance and satisfaction with work can be enhanced by appropriate and accurate 

exchange of information through the interactions. In short, Pettit, Goris, and Vaught 
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(1997) said: ñIndividuals receiving proper, correct, and clear information may perform 

adequately, which in turn may give rise to positive feelings about their jobs, or vice versaò 

(p. 93).  

Furthermore, to an individualôs health and well-being, the degree to which an 

individual is interconnected and embedded in a certain community is crucial, since social 

support and social networks are both indispensable prospects for understanding 

interpersonal relationships (Berkman, Glass, Brissette, & Seeman, 2000; McNeill, 

Kreuter, & Subramanian, 2006). In general, social supports are referred to as resources 

supported by other people (Cohen & Syme, 1985). On the other hand; social networks 

can be defined as structures representing social relationships to surround individuals and 

grant them with information on how much an individual is interconnected with others 

(Institute of Medicine, 2001). As a vital ñbufferò in terms of an employeeôs stress level at 

work, low social support or isolation can bring negative job outcomes, whereas high 

support can give workers relief from the negative effects of high-strain jobs (McNeill et 

al., 2006). A social network also enables people to feel attachment and connectedness to 

others (McNeill et al., 2006), which would affect the workerôs job satisfaction 

emotionally.  

However, it is undeniable that job satisfaction and job performance are closely 

correlated with each other. Therefore, researchers have tried to formulate the exact 

relationship between the two elements. Judge, Thoresen, Bono, and Patton (2001) 

developed seven different job related relationships between the two variables by 

reviewing over 300 articles in both a quantitative and a qualitative way. The authors 

found that the strongest relationship between job satisfaction and performance, and also 
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found other possible variables to influence the relationship. Considering the importance 

of communication in organizational functioning, the degree of communication in working 

environments as a moderator in the job satisfaction-performance relationship has been 

investigated (Pettit et al., 1997). Accuracy of information delivered through 

communication among workers is one of the greatest moderators in the relationship, 

besides desire for interaction, trust in and influence of superiors, and satisfaction with 

communication (Pettit et al., 1997). In short, exposure to appropriate communication 

such as having trust, accuracy, and credibility, improves job performance bringing 

increased job satisfaction. However, this research seeks to add to the knowledge base 

surrounding the above discussion by bringing additional evidence that sheds new light 

solely on how interactions in working environments have differential effects on job 

satisfaction.  

Habitual Behaviors 

The terminology of habits has been generally agreed among many researchers for 

many years; habits are repeated actions performed frequently and operated without a 

large amount of cognition, which can be interpreted as actions activated automatically as 

well (Jager, 2003; Neal, Wood, & Quinn, 2006; Wood, Tam, & Witt, 2005). According to 

an investigation conducted by Quinn and Wood (2005), approximately 47% of daily 

behaviors were performed repeatedly in the same location and almost every day. Because 

of the automaticity of habitual behaviors, people can minimize their cognitive efforts; 

however, their habits are less prone to be changed than reasoned or planned behaviors at 

the same time (Jager, 2003). Notwithstanding the unlikely changeable aspect, there are 

several reasons one may need to change certain habitual behaviors. For example, Neal et 
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al. (2006) especially mention that ñfive of the leading health risks in the U.S. emerge 

from everyday repetition of actionðsubstance abuse, obesity, tobacco use, risky sexual 

behavior, and inadequate exerciseò (p.200).  

To understand the process of changing habitual behaviors, four types of causal 

variables are introduced by Stern (2000). The first factor is attitudinal factors including 

individualôs norms, beliefs and values. Contextual forces are the second main type and 

include interpersonal influences (e.g., persuasion); government regulations; capabilities 

and constraints generated by technology and the building environment (e.g., building 

design), which will be focused on in this paper; and so on. As a third type of causal 

variable, personal capabilities include the knowledge and skills for the actions, and the 

availability of time to act. The last type of causal variable is new habit (Stern, 2000). 

Moreover, in order to support changes of habitual behaviors, Werner, Cook, Colby, and 

Lim (2012) adapted the behavior change model to explain four different supporting levels: 

individual level, supportive social milieu, physical environment support, and economic 

and policy support.   

In order to motivate people to choose to perform recreational, instrumental or 

hybrid physical activity over just sitting at their chair or rolling chairs across the office, 

there are several potential suggestions. Removing cues to performance and/or creating 

new circumstances might lead to habitual behaviors changing by eliminating cues for 

automaticity and/or setting a new intention and goal (Wood et al., 2005). Persuasive 

messages from campaigns and other interventions can be another solution to change 

peopleôs sedentary behavior; however, it has had limited effect on changing behaviors 

(Neal et al., 2006). The possible reason is due to the fact that habits do generally take 
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limited or none of new information into consideration and that people might not perceive 

the new information (Jager, 2003). In other words, minimizing the environmental factors 

automatically affecting habit performance, time, and repetition will work to break current 

sedentary habits and to create new active habits (Kremers & Brug, 2008).   

For example, van Nieuw-Amerongen, Kremers, De Vries, and Kok (2011) 

conducted research to examine whether stair use among students and employees of a 

university in the Netherlands would be influenced by increasing the attractiveness and 

accessibility of stairs. The study used multi-directional environmental interventions, such 

as prompts and enhanced aesthetics, visibility and accessibility. The authors observed 

users (both students and employees) by using video cameras. Data were constantly 

collected 1 week prior to and 4 weeks after implementing the intervention. 21,798 cases 

were observed, and the results show there was an 8.2% increased use of stairs and 

remained quite stable over the 4 weeks. Even though this study contains few limitations 

since it does not consider collecting data during the intervention period and the density of 

elevator use, the result indicates intervention may impact peopleôs habitual behavior. In 

another study, the potential effects of implementing interventions were investigated 

regarding college studentsô habits of leaving the classroom without turning off the lights 

(Werner et al., 2012). There were two different types of interventions (e.g., presentation 

and reminder sign), and 2x2 factorial design was utilized over three periods (e.g., 

baseline, intervention, and follow-up). The result shows that a presentation would be 

more affective intervention than a sign, and that there was little or no impact on changing 

habits of turning off lights when a sign was posted without connecting it to a presentation.   

Ideally, a habit is susceptible to be changed more if the following situations would 
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be provided: (1) the limiting the existing habits and situations, (2) the availability of clear 

information on the long-term negative outcomes of existing behaviors and positive 

outcomes of alternative habits, and (3) the providing information on the short-term 

positive outcomes of alternative behaviors (Jager, 2003). In summary, if people have 

positive attitude toward physical activity, feel social pressure to do so (subjective norm), 

and think they can do successfully (perceived behavioral control), they are more likely to 

engage in physical activity (Armitage, 2005).   

Theoretical Framework 

Social Ecological Model 

A social ecological model was originally developed from the ecological 

perspective; significant progress in mostly health-related practices has been made due to 

this perspective (Green & Kreuter, 2005). According to the social ecological model, 

physical and social environments characterize the ecological view interdependently 

(Stokols, 1996) with multidimensional and multilevel standpoints, which are personal, 

organizational, and environmental factors (Green & Kreuter, 2005; Grzywacz & Fuqua, 

2000). The social ecological model has been adopted to explain the multiple relationships 

of physical activity with those multidimensional factors (Grzywacz & Fuqua, 2000; 

Prodaniuk et al., 2004; Sallis et al., 1998; Zimring et al., 2005). Based on the article of 

Zimring et al. (2005), environmental factors, such as urban design, site design, and 

building spatial design, have a direct relationship with physical activity. However, both 

personal factors (e.g., demographics, health variables, and attitudes) and organizational 

factors which might support or impede physical activity (e.g., social structures, 

organizational supports, and philosophies) can moderate the environmental factorsô roles 
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(Zimring et al., 2005).  

Social ecological models demonstrate complex and associative correlations 

among individuals and environments as rather more comprehensive understandings, and 

highlight the importance of behavioral influences from the three multiple levels 

(Grzywacz & Fuqua, 2000; McNeill et al., 2006; Sorensen et al., 2003; Zimring et al., 

2005). The most important point of the social ecological model is the fact that behavior is 

affected by environmental factors and individual factors at the same time (McNeill et al., 

2006). Therefore, a social ecological perspective suggests an interaction that is individual 

as well as social within a physical environment, and states the need to increase the 

concept of a ñperson-environment fitò (Stokols, 1996).  

Utilizing the viewpoint of Sallis, Owen, and Fisher (2008), who define 

environment as beyond a humanôs area, Wells et al. (2007) examined the diverse potential 

influences of environments (e.g., clothing, food environment, technology, building design, 

urban design, and natural environment) on physical health. The author further explored 

that these environmental factors might either support or hinder physical activity. 

Consequently, researchers can stretch to consider a broad scope of achievable application 

and collaborations to make positive contributions on this multidisciplinary field because 

of this extended conceptualization of environments (Wells et al., 2007).  

However, personal, organizational, and environmental factors can be too broad 

and ambiguous to conduct research, especially when they are considered together. Indeed, 

Sallis, Johnson, Calfas, Caparosa, and Nichols (1997) declare that such a broad range of 

factors, like biological factors having effects on physical activity might lead to 

insignificant correlations between physical activity and the environment. Hence, 
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Grzywacz and Fuqua (2000) argue that before conducting research, there is a need to 

define personal, organizational, and environmental factors specifically, and to 

acknowledge the fact that possible contributors such as various individual characteristics, 

can produce different results on physical activity. Researchers can obtain the benefits of a 

social ecological perspective by narrowing and defining these three factors. In this way, 

more unequivocal implications about the relationships among variables can be created 

and these specific implications can help researchers to apply the findings further 

(Grzywacz & Fuqua, 2000). Additionally, by paralleling the findings at multiple levels, 

researchers dodge possible obstacles for proper application another advantage of the 

social ecological perspective, (Grzywacz & Fuqua, 2000). 

Owing to these advantages of social ecological perspectives, there has been a 

tendency to conduct studies to find out the potential working environmental factors to 

encourage employeesô physical activity, based on an ecological approach (Stokols et al., 

1996; Wanzel, 1994). Due to the fact that the environments where people interact are the 

key interest of ecological model, to scrutinize wider spectrum of a personôs life 

surroundings having an intervention, the ecological approach has been utilized (Gauvin, 

Levesque, & Richard, 2001). To summarize, when researchers examine the 

environmental influence on physical activity the environmental factors should be 

included (Prodaniuk et al., 2004). 

Space Syntax Theory  

In general, space syntax means both the theory and techniques for analysis of a 

spatial system. Space syntax theory and techniques, used for analysis of accessibility and 

visibility, were originally developed for street and neighborhood design (Hua et al., 2010). 
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In this research, the possible relationships among variables will be examined through 

space syntax theory. For analysis of interior layouts, researchers can examine the way 

face-to-face interaction is affected by a spatial system by looking into movementôs lines 

and visible co-presence (Peponis & Wineman, 2002). Therefore, a two-dimensional 

building plan can be measured quantitatively, by showing patterns of potential movement 

and relationships of spatial lines or units, analyzed through a space syntax analysis 

method (Peponis & Wineman, 2002). Thereby, the overall layout of the building can be 

examined (Hua et al., 2010). 

Six constructs in space syntax theories are openness, depth, connectivity, 

accessibility, the degree of control, and visibility (see Table1) (Hillier et al., 1993; Zeisel, 

2006). 

Table 1 

Six Constructs of Space Syntax Theory 

Constructs Description 

Openness The degree of spatial enclosure in a setting 

Depth 
The number of spaces a person would have to pass through going from 

one space to another 

Connectivity 

For a single space, the number of other spaces directly connected to it.  

For a convex graph, represents the number of other spaces directly 

accessible from it 

For an axial graph, the number of axial lines that cross another axial line 

Accessibility 
Representations of spatial configurations in which a person passing 

through a series of spaces would end up back at the original space 

Degree of Control 

Calculated characteristic implies a social or behavioral correlate to the 

physical relationships of spaces in plan (i.e. degree of control a person 

feels over social interactions) 

Visibility  
Represents the opportunity of people moving through a sequence of 

spaces to see into other adjacent spaces 

Adopted from Inquiry by design: Environment/behavior/neuroscience in architecture, 

interiors, landscape, and planning, by J. Zeisel, 2006, p. 344-345. Copyright 2006 by 

W.W. Norton & Company. 
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In addition to the six constructs, configuration, which is creating a discrete 

individual unit converted from the constant space, allows the assigning of different labels 

to the unit (Bafna, 2003). By examining the configuration, researchers are able to develop 

either a convex map or an axial map (see Figure 1), depending on what aspect of the 

building they want to analyze (Bafna, 2003). A convex map is better for understanding 

the organization of the spatial system and the general type of buildings, on the other hand, 

an axial map is more useful in finding out behavior patterns within the spatial layout 

(Bafna, 2003). There is also a need to know two key terms, connectivity and integration, 

to understand space syntax theory. Connectivity, which is the local property, describes the 

number of axial lines directly connected to spatial units; it also means the degree of 

choices for the line.  

 

Figure 1. An example of how to use axial lines by using space syntax theory. Adopted from 

ñSpace Layout and Face-to-face Interaction in OfficesðA Study of the Mechanisms of Spatial 

Effects on Face-to-face Interactionò, by M. Rashid, K. Kampschoer, J. Wineman, and C. Zimring, 

2006, Environment and Planning B: Planning and Design, 33, p 828 

 

On the other hand, integration, which is the global property, represents the 

average degree of how much an axial line connects to all other axial lines in an axial map, 

so the whole spatial configuration is able to affect integration (Bafna, 2003; Hillier et al., 



    

27 

 

1993; Rashid et al., 2006; Wineman & Peponis, 2010). In other words, Rashid et al. 

(2006) define connectivity and integration by stating that ñthe higher the connectivity of 

an axial line, the greater is the number of choices of movement from the line, and the 

higher the integration value of an axial line, the easier it is to get to the line from all other 

linesò (p. 828). Therefore, intelligibility , one of the key terms in space syntax theory is 

generated based on the predictable correlational effect between connectivity and 

integration (Wineman & Peponis, 2010). To be specific, intelligibility  enables researchers 

to measure the predictability of global property and local property (Bafna, 2003; Hillier, 

2007; Hillier et al., 1993).  

Because of these characteristics being able to objectively measuring spatial 

configuration with multiple constructs, rather than simply measuring space through 

traditional metric distance, space syntax allows researchers to examine the relationship 

between space and society (Bafna, 2003; Wineman & Peponis, 2010). In other words, the 

more integrated the spatial system, the easier people can travel from one space to another, 

and conversely, the more segregated it is, the longer the path (Wineman & Peponis, 2010). 

However, there is a difference between intelligibility and accessibility. Whereas 

accessibility is about function in having face-to-face interaction or getting information, 

intelligibility can show overall patterns among individual configurations, containing an 

organizationôs spatial culture (Peponis et al., 2007).  

Even though previous literature reviews have discussed the significant effects of 

spatial layout on movement and face-to-face interaction in an office environment, there 

are limited studies that investigated the relationship of movement and interaction through 

different spatial layouts (Rashid et al., 2006). The study by Rashid et al. (2006) explores 
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the valuable relationship among movement, visible co-presence, and face-to-face 

interactions through analyzing four different offices based on a space syntax method. The 

study ôs analysis of four offices was conducted by using computer software to create an 

axial map, after measuring the values of connectivity, integration, and depth (Rashid et al., 

2006). Similarly, Peponis et al. (2007) discusses the impact of spatial layout on patterns 

of interaction and informationôs flow by analyzing an officeôs old and new layout, from a 

space syntax theoretical view. Additionally, by examining two different office layouts, 

before and after renovation of the spaces, Penn et al. (1999) found that the pattern of 

movement based on spatial layout as well as its direct impact on the frequency of 

communication between workers. Space syntax is preferred among researchers because it 

has several advantages; the ability to rigorously describe the spatial layoutsô genetic 

properties, and to minimize the possible errors of defining variables by using an axial 

map without ambiguity (Rashid et al., 2006). Therefore, depth, one of the six constructs, 

will be further examined in this research, since it is closely related with distance. The two 

concepts, distance and depth are able to show a spatial layoutôs characteristics.  

Conceptual framework and Variables 

Based on space syntax theory and the social ecological model, a conceptual 

framework for this research was developed (see Figure 2). The independent variables are 

the distance and depth between destinations, some of the environmental factors, 

influenced by the spatial layout of the office environment. Depth is the only construct 

explored from space syntax theory for this research. The office layout determines the 

employeesô path, or that need to move from point A to point B; movement from one 

workstation to another personôs workstation or common area (e.g., kitchen, restroom, or 
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copier room) is determined, dependent on the office layout. As a mediate variable, the 

pattern of movement could have a longer path or a shorter path. Herein, movement can be 

defined as any activity of walking along the path by showing the number of steps people 

walk during the work hours. Depending on the distance, depth and the number of steps, 

the number of interactions with others can be varied.  

For example, if someoneôs workstation is located far away from the restroom, say 

about 50 steps, this person needs to walk 50 steps to get to that personôs destination, the 

restroom. While he or she is walking to the restroom, the person might have more 

opportunities to meet someone and have a personal conversation in the corridor or 

restroom than someone who has his/her workstation closer to the restroom, say 10 steps 

away. On account of this assumption, an increased opportunity to communicate (the 

number of face-to-face interactions) while the workers are moving around the office is a 

dependent variable, and the opportunities would eventually influence job satisfaction.  

Finally, there are three different moderate variables, which make the relationship 

between the distance and the pattern of movement stronger, by supporting both variables. 

To explain the role of moderate variables with more specific definitions, Wells et al. 

(2007) define moderate variables as that: ñmoderators address ñit dependsò types of 

relations; the effect of A on B depends on the level or category of a third variable, the 

moderatorò (p. 25). Under personal factor, there are gender, age, and number of years a 

subject has been working at the corporation. In addition, whether the office has open-plan 

or private office and/or the height of partitions are the examples of environmental factors; 

moreover, whether the office has flat or hierarchical work environments, retention of 

employees, and/or flexible or rigid work schedule can be organizational factors. For 
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example, nowadays, with the development of technology, younger generations prefer to 

communicate with others via online chatting, SNS (Social Network Service), or their 

smart-phone. Therefore, since all three moderate variables might influence the pattern of 

movement, defining the possible relationship among movement, personal factors, and 

environmental factors make more sense to build up a vigorous relationship.  

Figure 2. A conceptual model for this study 

 

Hypotheses 

Four hypotheses were developed for this research, based on the conceptual 

framework to examine the relationships among distance, depth, the number of steps, and 

the number of face-to-face interactions, potentially leading to job satisfaction. The 

hypotheses follow: 

Hypothesis 1: Increased distance and depth between an employeeôs workstation 

and other destinations will increase the number of steps they walk. 

Hypothesis 2: The greater number of steps will correlate to the number of face-

to-face social interactions with others and play a mediating role. 
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Hypothesis 3: The greater number of interactions will correlate to higher job 

satisfaction. 

Hypothesis 4: Personal, organizational, and environmental factors will play a 

moderating role between distance and the number of steps.  

For testing these hypothese, Chapter 3 present how the methodology were used 

and data were analyzed for this research.  
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CHAPTER 3: METHODOLOGY  

Overview of Methodology 

 This chapter describes a quantitative design developed to gain a better 

understanding of how interior layout in work environments, employeesô physical 

movement, and their social interaction among coworkers correlate, and how job 

satisfaction is be affected by the interaction. Additionally, this quantitative research 

examined how personal, organizational, and environmental factors support or hinder the 

relationship among those variables.  

Data Collection 

Participants and Procedures  

For this quantitative study, data were collected from Office A, a local architecture 

studio. From Office A, 21 voluntary participants were recruited, however, two people 

dropped out at the beginning of the data collection. Further, a data set from one 

participant was excluded from this research because of unqualified data. Therefore, the 

total participants for this study were 18. There were 6 males and 12 females. Participant 

ages ranged between 18 and 45 year-old. For this research, there were no specifically 

established criteria for participation.  

The study was conducted in early February, 2015 upon receiving approval from 

University of Minnesota IRB. The study was supposed to collect data during 10 working 

days. Since every participant had different schedules such as working out of office, 

attending off -site meeting, or field trips, the starting and finishing date for the data 

collection of each participant varied. Overall, the data were collected from Feb 9
th 

to Mar 

3
rd

, 2015.  
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Once every employee participating in this research submitted a consent form 

with their signature, they received a research package containing a self-report form with 

instructions (see Appendix C), a device to count his or her steps, and one questionnaire. 

Participants were trained to fill out self-report forms by the principal investigator. The 

questionnaire (see Appendix A) was provided at the beginning of the data collection, and 

the participants were asked to submit it with their initial self-report form within a sealed 

envelope due to confidentiality. Because the data needed to be tracked for data analysis 

such as correlation among their movement and/or interaction and demographic 

information and/or job satisfaction, participants submitted their first self-reports form 

with the questionnaire in a sealed envelope.  

Self-report Form   

The majority of the data were collected daily through self-reports by participants. 

A floor plan printed on 11x17 paper was provided every day (see Appendix B). When a 

participant came to the office, he/she needed to put on a pedometer for the entire work 

hours. However, if a participant was out of office for off-site meeting, lunch, or working 

out, he/she was required to take off his/her pedometer and when he/she came back to the 

office, the participant was asked to put the pedometer back on. A participant was required 

to report the time when he/she came to the office and left the office and the time when 

he/she left the office for an off-site meeting and came back to the office. He/she should 

also report the number of steps on a pedometer when he/she left the office. A participant 

was asked to report every single trip whenever he/she made some physical movements 

(e.g., leaving his/her own workstation and coming back). A participant was also asked to 

draw their path on the floor plan. The destination should be represented with a dot. If a 
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participant traveled along the same path more than one time, he/she needed to put slash(s) 

(e.g., /, //, ///, etc., based on the number of trips) on the path. If a trip has multiple 

destinations, a dot at each destination should contain the number of the destinationôs 

order (e.g., first destination would be represented as 1, second destination as 2, etc.). 

In addition, for an interaction, a participant needed to draw a star beside a 

destination (represented as a dot), whenever he/she had a face-to-face interaction while 

walking through the path. The number of stars at each destination means how many face-

to-face interactions a participant had along the path to each destination. The location 

where the interaction occurred did not need to be exact, since the study focused on the 

number of the social interactions the participant has while traveling. Moreover, as this 

study measures the social interaction as a face-to-face interaction, all the interactions 

reported should be face-to-face interactions. In other words, if participants had a 

conversation over the partition without seeing each other (e.g., sending email, talking 

over the phone or a partition), that conversation should not be counted as an interaction 

for this study.  

Questionnaire  

Subjects also were asked to complete a questionnaire (see Appendix A). The 

questionnaire consisted of three parts; 1) job satisfaction, 2) habitual behavior, and 3) 

demographic information. A questionnaire asked the subjectôs demographics, such as 

gender, age, number of years he or she has worked in the corporation, and whether or not 

a participant has difficulty in walking. The instrument for measuring habitual behavior 

was developed based on the Self-Report Habit Index (SRHI). SRHI has shown high 

internal reliability, convergent validity, and construct validity towards physical activity, 
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and it has a format of a self-report instrument that measures habits with twelve different 

items (Kremers & Brug, 2008). For this research, only six questions from SRHI were 

used.  

Work Design Questionnaire (WDQ) was utilized as a comprehensive 

measurement for job satisfaction. The WDQ has three main characteristics; the 

motivational, the social, and the contextual characteristics, and under three characteristic 

categories, 76 questions were developed (Morgeson & Humphrey, 2006). To be specific, 

the motivational characteristics cover ten different concepts (autonomy, information 

processing, problem solving, skill variety, task variety, specialization, significance, task 

identity, feedback from job, and task simplicity); the social characteristics cover four 

concepts (interdependence, interaction outside organization, feedback from others, and 

social support); contextual characteristics cover four features (ergonomics, physical 

demands, work conditions, and equipment use) (Morgeson & Humphrey, 2006). Eight 

motivational characteristic questions, nine social characteristic questions, and five 

contextual characteristic questions were included in the questionnaire to figure out the 

participantsô overall job satisfaction.  

The majority of questions for this questionnaire used a five point Likert-type scale 

to record the participantsô responses, using a scale of ñ1ò as strongly disagree to ñ5ò as 

strongly agree with ñ3ò as neither agree nor disagree. To find out what the participants 

thought of their job satisfaction and habitual behavior of physical movement, they were 

asked to show their opinion on each statement by choosing from ñ1ò to ñ5ò. Furthermore, 

the participants needed to show their opinions on the question ñI have no difficulty in 

walkingò with a five point Likert scale between strongly disagree and strongly agree. At 
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the end of the questionnaire, there were three demographic questions: their gender, age, 

and the number of years in the workplace. Additionally, the information about the 

participantsô names and job titles was given to the principal investigator when recruiting 

participants for this research; therefore, the principal investigator was able to track all 

their information throughout the research.  

Instrument  

A pedometer was used for this research to count a participantôs daily steps. The 26 

pedometers, which were initially prepared, distributed, and used, were Step-Counter 

Pedometers made by AdVantage Industries. However, they are very low end technology 

and quality even though they claimed +/- 10% accuracy. Because of having many issues 

(e.g., automatically reset several times, broken waist/belt clip) on the first day of the data 

collection, two different kinds of pedometers were used from day 2, both made by 

Sportline. Ten of 2-Function Step and Distance Pedometer (Model #SB1061BK) and two 

of Triple Function Calorie Counting Pedometer (Model #SB1062BK) replaced the initial 

pedometers and were used for the rest of the data collection.  

The Workplace 

 Office A, a local architecture company, which was recruited for this research is 

located in the downtown area in St. Paul, Minnesota and was established in 1992. Office 

A has 28,007 ft
2
, which excludes some common areas within the building such as 

elevator, lobby, restrooms, etc. The total employees at the office are 138; there are 129 in 

St. Paul, 7 in Madison, Wisconsin, and 2 students. In 2002, Office A started with about 

half the floor; however, it had gradually made spatial expansion as it grew. Two years ago, 

Office A finally took the entire floor, and Figure 2 shows the floor plan of Office A.  
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Overall Usage of the Floor Plan  

Office A has five different neighborhoods (see Figure 3), which are Hamm, 

Summit, Lowry, Rice Park, and Landmark neighborhood. Additionally, there are various 

common areas: one front desk/lobby area, one restroom, two libraries, two kitchen/coffee 

areas, 10 conference rooms, one comfort room, one quiet/focus room, eight 

printing/plotting/scanning room, one vending machine, and two touchdown tables for 

small and quick meetings (See Figure 3).  

According to previous literature on open offices, although the size and typology 

might be quite varied among the open-plan type offices via various environmental factors 

(e.g., the number of partitions, spatial density, openness, and architectural accessibility), 

open-plan offices are generally described as spaces having no walls or partitions between 

the workstations (Ashkanasy, Ayoko, & Jehn, 2014; Brennan, Chugh, & Kline, 2002; 

Oldham & Fried, 1987; Oldham & Rotchford, 1983). Therefore, Office A is categorized 

into an open office environment. The overall partitions between workstations that are 

facing each other are low, and there is no partition between workstations that are side by 

side. Except the Lowry neighborhood, all the partitions have the same style and height. In 

the Lowry neighborhood, the height of partitions is 1.44m (4ô-8 1/2ò). There is glass in 

the middle of the partition from 1.02m (3ô-4ò) up to the top of the partition, so that 

employees are able to see each other very well. Outside the Lowry neighborhood, the rest 

of the partitions have two different heights since the partitions are a curved shape. The 

highest part is 1.83m (6ô), and the lowest part is 1.07m (3ô-6ò). In addition, every 

workstation has a 1.02m (3ô-4ò) high partition separating them from the aisles. Figure 4 

and Figure 5 show the photos of the workstations with different height partitions.   
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Figure 3. A floor plan of Office A and space function 

 

Figure 4. Workstations with different height partitions A 
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Figure 5. Workstations with different height partitions B 

Unique Features  

There are several unique features that Office A has. Each employee at Office A is 

usually assigned to a workstation based on what project he/she is working on. In other 

words, once a project that an employee is participating in is done and he/she starts to be 

involved in another project, he/she should relocate from the current workstation to a new 

workstation for the new project. If he/she is working on more than one project at the 

same time, the project he/she mainly works would be the location for his/her workstation. 

There are very few settled workstations zones which are for departments of marketing, 

codes/quality/specifications, graphics, construction administrations, IT, leadership, and 

HR/accounting/finance. Figure 6 highlights those areas having fixed workstations. This 

unique feature might imply that most interactions among coworkers occur in the same 

zones, since they are working on the same project.  
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Note. F.A. = Free address 

Figure 6. Fixed workstations, quiet/focus room, and free addresses at Office A 

As defined in the previous section, the existence of a quiet/focus room is one of 

the unique characteristics Office A has (see Figure 6). When an employee goes in the 

quiet/focus room, he/she will not be distracted. Since Office A has an open plan and one 

of the biggest disadvantages of the open plan is getting distracted from the noise, 

employees can put themselves into a closed environment. The quiet/focus room is free of 

noise such as other peopleôs talking and announcements. By entering the quiet/focus 

room, they are able to concentrate on their work. Sometimes, people go to the quiet/focus 

room to make a personal phone call.  

The last unique feature of Office A is that it is doing a pilot project, which is 

named free address. Free address is a same concept to hot desk, but a different name. Hot-

desking is a trend newly applied to work environments to foster movement and 

interactions among workers. In a work environment using hot-desking, employees might 

not have any assigned desk to work at, but rather can occupy any vacant places for the 

day (Millward, Haslam, & Postmes, 2007). During the data collection, there were four 
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people participating in free address. Two out of four people participated in this study. 

They sometimes chose a different workstation on different days, and sometimes changed 

their workstations during work hours on the same day. Out of total 140 workstations, 

there are seven available workstations (5%) for the people who were participating in free 

address (see Figure 6). 

Statistical Analyses 

The proposed hypotheses reflected in the model are analyzed by using R Studio. 

A linear mixed effect model, correlation, ANOVA, and t-test were used for this research. 

As one of the methods of regression, lmer (abbreviation of linear mixed effect regression) 

was a function in R for this analysis. The model generally explains the degree of an 

intercept and each variableôs slope (how much impact the independent variable has on a 

dependent variable and whether that independent variable has positive or negative impact) 

with a consideration of random effect. A linear mixed model, including both fixed-effects 

for overall units and random-effects for an individual unit, has more flexibility  of fitting 

in and could be extended for use in generalized linear mixed models (Bates, 2005). For 

this reason, a linear mixed effect model has been broadly used, especially in social and 

medical sciences, because it lets researchers investigate unexplained differences in the 

data by having random effects (Bates, 2005; Gelman & Hill, 2006; Snijders, 2011). For 

example, since most phenomena in social science are closely related with each other and 

controlling a specific variable completely from relationships is extremely challenging, it 

is hard to declare a precise relationship between variables. In those cases, many scientists 

point out possibilities of unexplained factorsô impact, such as an individualôs unique 

characteristics. Bates (2005) also states the following:  
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A factor is repeatable if the set of possible levels of the factor is fixed and each of 

these levels is itself repeatable. In most studies, we would not regard patient 

identifier factor (or, more generally, the ñsubjectò factor or any other factor 

representing an experimental unit) as being repeatable. Instead we regard the 

subjects in the study as a random sample from the population of interest. (p.27) 

 Using a linear mixed effect regression for this research has solid rationales. To 

begin with, distance and depth as independent variables should be fixed ones to 

investigate the potential influence on the number of steps and interactions. This research 

assumes that if the distance and/or depth are different, the following effects on the steps 

and interaction would be changed as well. Two participants engaging in the pilot project 

which is named free address do not have fixed workstations and one participant moved 

his/her workstation during the data collection period. As a consequence, the different 

distance and depth should be considered. In other words, their daily steps were regarded 

differently if they sit at different workstations. Both participants engaging in free address 

worked three different workstations during the data collection period, and the three 

different workstations each participant chose were identical. Therefore, for the mixed 

effect model, the self-reported data should be coded by the distance and depth and then 

be grouped by each individual person, instead of calculating the average of all of the self-

report.  

To put it simply, the data coded in this way is able to present the probable effects 

from other variables, such as the different daily work hours. It also implies the hidden 

difference within the same person. For example, the same person reported a wide range 

of numbers of steps and interactions during the data collection period, because it might be 
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affected by his/her different daily work schedule. By contrast, the data having averages 

for steps and interactions does not provide enough information about the impact of the 

different distances and depths. This data can only imply each participantôs overall 

tendency to walk and communicate with others during the period. However, with the data 

coded by day and grouped by participant, it is able to describe intimate relationships 

among the variables. For instance, the data is capable of discovering the effect on a 

participantôs behavior pattern of steps and interaction if that participant sits at a different 

workstation one day from the other days. It might also point out better whether the 

number of steps would actually have an influence on the number of interactions or not, 

because the variables can be interpreted independently. Therefore, the data coded by day 

would fit better with the linear mixed model.  

Furthermore, the linear mixed effect model contains random effect for the whole 

regression model, so the difference between participants would be considered. Even 

though the number of self-reports of each participant were varied, the model considered 

the participants as a random factor, and then calculated each participantôs characteristics 

randomly. Consequently, the model was still effective even if there was the different 

number of self-reports from the different participant. Lastly, the model enables 

comparison of a data collected from the different groups or over time. That data would be 

called a non-nested group factor. However, because the participants were recruited and 

the data were collected within a single workplace, the data itself was regarded as a nested 

grouping factor.  

In addition, correlation was used to test relationships among the variables 

discussed in this research. Correlation is widely used for two quantitative variables to be 
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investigated if there is a relationship between the two (Lock, Lock, Morgan, Lock, & 

Lock, 2013). The result of the analyses indicates whether the variables have a positive or 

negative relationship and the degree of correlation among variables presented in the 

model. An analysis of the data proves if the original hypotheses are statistically supported 

or not. Importantly, correlation does not explain causation, but clarifies the relationship 

between variables. Correlation coefficient (r) between -1 and 1 represents strength and 

direction of linear relationships among variables (Lock et al., 2013). If a correlation 

coefficient is positive, it means that as independent variable increases, a dependent 

variable has a tendency to increase as well. The converse is true if a correlation 

coefficient is negative. In terms of the degree of strength of a linear relationship, the 

closer the number is to 0 can be interpreted as a weak relationship; on the other hand, the 

closer the number is to 1 can indicate a strong relationship. A moderate relationship can 

be explained with a coefficient value somewhere in the middle between 0 and 1. The 

boundaries among ñweak,ò ñmoderate,ò and ñstrongò are subjective, and in social science, 

having correlations close to 0 is fairly common and 1 or near 1 for the correlation 

coefficient is uncommon (De Vaus, 2002).  

For this research, correlation was used mostly to examine the relationships 

among distance, depth, steps, and interactions. Correlation was also used to find some 

influences (but not causal influences) of interactions on job satisfaction, and of habitual 

walking behavior and difficulty in walking on the number of steps. One type of data used 

for correlation was the averages of the numbers of steps and interactions per day by each 

participant during the data collection period. For example, the total number of steps 

reported for 10 business days was divided by the total number of self-reports itself. If a 
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participant completed and reported seven self-report forms containing the information 

about the number of steps, interactions, and work hours, each seven daysô steps were 

added together. Each seven daysô work hours were added together as well. The sum of 

steps then was divided by seven, since he/she reported seven days. In addition to this, the 

number representing daily average was also divided by the number of daily work hoursô 

average, and that number indicates hourly average value. It was further applied to 

examine correlations between the hourly averaged steps and interactions.  

Interpreting correlation with the data having averages is appropriate because 

some of the variables are fixed values. For example, job satisfaction, habitual walking 

behavior, and having difficulty in walking do not change on a daily basis. Demographic 

information does not change either. These variables describe the participantsô overall 

characteristics and opinions. Therefore, correlation should use data showing the overall 

tendency of walking and communicating with others by person.  

Analysis of Variance (ANOVA) and t-tests were utilized to investigate the 

different groupsô effect on the patterns of steps and interactions. T-tests and ANOVA, as 

an extension of the t-test, are the methods to assess whether the relationship between 

categorical independent variables and a quantitative dependent variable has statistical 

significance (Paul, 2005). The difference between a t-test and ANOVA is that a t-test is 

only able to compare up to two groups. However, ANOVA can see the difference of more 

than two groups. For this research, a t-test was used to explore the difference of gender, 

since gender was only categorized into two different groups. ANOVA was applied to 

study the groupsô differences of age, work hours, and job titles. 

Based on the methodology presented in this chapter, the following chapter 
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provides the finding and results from the data collection for this research. The following 

chapter also discusses the major implications from the findings related to the hypotheses 

stated in Chapter 2.  
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CHAPTER 4: DATA ANALYSIS AND FINDINGS  

Overview of Data Analysis  

 This chapter explores the findings from the data collected through self-reports 

and the questionnaire to find the impact of interior layout in a working environment on 

employeesô behavior. The first part focuses on how the variables were defined for this 

research. The second part discusses the findings of the data analysis. By utilizing four 

different statistical methods, the relationships among the variables were found. After 

reviewing the overall summary of self-reports and the questionnaire the participants took, 

the degree and statistical significance of correlation between the variables will be 

discussed. In addition, the degree of impact of single and/or multiple variables on the 

variables of steps and interactions will be considered.  

Measures 

 In order to explain the possible relationships among distance, steps, interaction, 

and job satisfaction, several variables were defined. Distance and depth were analyzed as 

the independent variables. The number of steps was regarded as a mediate variable to 

better explain the relation between distance and depth, and the number of interactions. 

The number of interactions and job satisfaction were measured as dependent variables in 

order to investigate a possible relationship. Since this research would be significantly 

affected by the participants themselves, the personal and organizational factors were 

considered as moderate variables, as indicated by the social ecological model (Grzywacz 

& Fuqua, 2000; Zimring et al., 2005). The strengthening or weakening of the 

relationships between the independent and dependent variables can be explained with the 

moderate variables. Gender, age, and years of working at the corporation were analyzed 
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as personal factors, and the work schedule based on the hours worked each day and job 

title were collected as organizational factors.  

Furthermore, Office A can be categorized as an open-space office, because the 

overall partition heights are closely similar, and no participant has his/her own private 

office in this research, even though there are people having their own private office. In 

addition, Office A was the only office recruited for the data collection, so comparing the 

findings with other office environmentsô can be done in future research. Therefore, the 

number of employees with private offices, which was discussed in the previous chapter as 

an environmental factor, was not addressed in this study.   

Distance 

The independent variable (distance between destinations) was calculated by 

analyzing the actual distance based on a floor plan. Based on the previous literature, 

people prefer to choose the shortest route (Seneviratne & Morrall, 1985; Weinstein 

Agrawal et al., 2008). The distance, which are based on the most common destinations in 

the office, was determined by a result from daily self-reports which showed the places 

participants frequently visit every day. On the daily self-reports, the participants were 

asked to report their destination and the path. The 12 most frequent zones were found by 

sorting each individualôs self-report forms and examining frequency values of the ranked 

places each individual visited.  

For each participant, the top destination was listed, with the most frequent 

destination being assigned 1, and the less frequent destination being assigned ascending 

numbers up to 11. Even though the total number of destinations all participants reported 

in their self-report forms was 30; the maximum number of places any one participant 
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visited during the data collection period was 11. In other words, each participantôs 

spectrum of the rank for frequently visited places could be varied, ranging from 1 to 11, 

from a whole list of 30 different destinations, with 1 as the most frequent destination. For 

example, the range of participant 2ôs (P2) frequent destinations was six. During two 

weeks, P2 visited the restroom most frequently, and vending area, conference room 3 and 

9, touchdown table 1, and scanning area only one time. Therefore, the restroom was the 

top ranked place for P2; on the other hand, the five least frequent destinations were 6
th
 

ranked places. The places P2 never visited during the data collection were given zero, 

because only the places the participants did visit were considered.  

To find out frequently visited places, a frequency value (a string of decreasing 

numbers from 11 to 1) and a string of zeros, replaced the ranks from 1 to 11 and a string 

of zeros. If a place ranked as a top, 11 frequency value (the most frequent place) was 

given, and if a place is ranked 5, 7 frequency values (the fifth frequent place) was given. 

For the places assigned zero that are unranked places, zero frequency value was given 

again because the place has not been visited by the participant for the data collection 

period. After replacing the ranks with the frequency value to each destination of each 

participant, all the frequency value was added.  
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Figure 7. Frequency value and ratio to each destination 

Note. The values in parentheses represent the ratio of the frequency value 
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Table 2.1 

Rank and Frequency Value of Each Participant for Each Destination  

  
Lobby Restroom 

Library 

1 

Library 

2 

Kitchen 

1 

Kitchen 

2 
Vending 

Comfort 

Room 

Quiet/focus 

Room 

Conference 

1 

Conference 

2 

Conference 

3 

Conference 

4 

Conference 

5 

P1 
Freq. Value 6 10 . 2 8 4 . 11 . 3 5 2 3 . 

Rank 6 2 . 10 4 8 . 1 . 9 7 10 9 . 

P2 
Freq. Value 9 11 7 . 9 . 6 . . . . 6 . 7 

Rank 3 1 5 . 3 . 6 . . . . 6 . 5 

P3 
Freq. Value 7 11 . 7 10 . . . 7 . . . . . 

Rank 5 1 . 5 2 . . . 5 . . . . . 

P4 
Freq. Value 5 9 . . 8 5 . . 6 . . 5 10 . 

Rank 7 3 . . 4 7 . . 6 . . 7 2 . 

P5 
Freq. Value 8 10 11 . 10 . . . 9 . 4 . . 6 

Rank 4 2 1 . 2 . . . 3 . 8 . . 6 

P6 
Freq. Value 6 9 . . 11 . 6 . . . . . . 7 

Rank 6 3 . . 1 . 6 . . . . . . 5 

P7 
Freq. Value 7 10 . . 10 . . . 9 . . . . . 

Rank 5 2 . . 2 . . . 3 . . . . . 

P8 
Freq. Value 8 11 . 6 10 7 . . . . 6 . . . 

Rank 4 1 . 6 2 5 . . . . 6 . . . 

P9 
Freq. Value . 10 6 . 11 . . . 8 6 . . . . 

Rank . 2 6 . 1 . . . 4 6 . . . . 

P10 
Freq. Value 5 8 9 . 11 . 4 . . . . . 6 . 

Rank 7 4 3 . 1 . 8 . . . . . 6 . 

P11 
Freq. Value 8 10 7 . 11 3 2 2 2 . 2 . . . 

Rank 4 2 5 . 1 9 10 10 10 . 10 . . . 

P12 
Freq. Value 7 11 . 4 9 6 . . . . . 5 . . 

Rank 5 1 . 8 3 6 . . . . . 7 . . 

P13 
Freq. Value 7 9 6 . 11 . 4 1 4 . 2 5 1 3 

Rank 5 3 6 . 1 . 8 11 8 . 10 7 11 9 

P14 
Freq. Value 11 9 8 . . 7 . . . . 7 6 7 . 

Rank 1 3 4 . . 5 . . . . 5 6 5 . 

P15 
Freq. Value 7 10 . . 6 . . . . . . 2 . 8 

Rank 5 2 . . 6 . . . . . . 10 . 4 

P16 
Freq. Value 7 11 . . 10 . . . . . . . . . 

Rank 5 1 . . 2 . . . . . . . . . 

P17 
Freq. Value 6 11 4 . 10 . . 4 8 . 3 7 . . 

Rank 6 1 8 . 2 . . 8 4 . 9 5 . . 

P18 
Freq. Value 7 11 7 . 10 . . . 8 . . 9 . 8 

Rank 5 1 5 . 2 . . . 4 . . 3 . 4 

Sum of Freq. Value  121 181 65 19 165 32 22 18 61 9 29 47 27 39 
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Table 2.2  

Rank and Frequency Value of Each Participant for Each Destination  

 
Conference 

6 

Conference 

7 

Conference 

8 

Conference 

9 

Conference 

10 

Touch

down 

1 

Touch

down 

2 

IT  Plotting 
E 

Printer  

W 

Printer  

N 

Printer  

S 

Printer  

SE 

Printer  

Marketing 

Printer  
Scanning 

P1 
Freq. Value 2 6 . . . . . 7 9 . 10 . . . . . 

Rank 10 6 . . . . . 5 3 . 2 . . . . . 

P2 
Freq. Value 7 9 7 6 . 6 8 . 8 7 . . 10 . . 6 

Rank 5 3 5 6 . 6 4 . 4 5 . . 2 . . 6 

P3 
Freq. Value 7 . . . 7 8 . . . 7 . . 7 9 . 7 

Rank 5 . . . 5 4 . . . 5 . . 5 3 . 5 

P4 
Freq. Value 7 5 8 9 10 . . 5 6 . . . 11 5 . . 

Rank 5 7 4 3 2 . . 7 6 . . . 1 7 . . 

P5 
Freq. Value 7 4 3 5 . . 4 . 6 . . . 3 8 . . 

Rank 5 8 9 7 . . 8 . 6 . . . 9 4 . . 

P6 
Freq. Value . 6 5 . . . . . 8 . . . 10 . 4 . 

Rank . 6 7 . . . . . 4 . . . 2 . 8 . 

P7 
Freq. Value . 7 7 . 8 7 . . 9 . . . . 11 . . 

Rank . 5 5 . 4 5 . . 3 . . . . 1 . . 

P8 
Freq. Value . 7 . . . . . . 7 . . . . . 9 . 

Rank . 5 . . . . . . 5 . . . . . 3 . 

P9 
Freq. Value . 7 . 6 . . 7 . . . 9 . . . . 6 

Rank . 5 . 6 . . 5 . . . 3 . . . . 6 

P10 
Freq. Value 3 . 5 6 7 5 . 4 3 . 4 . 4 10 . 3 

Rank 9 . 7 6 5 7 . 8 9 . 8 . 8 2 . 9 

P11 
Freq. Value 4 5 2 2 . 5 . 6 4 2 . . . 9 . . 

Rank 8 7 10 10 . 7 . 6 8 10 . . . 3 . . 

P12 
Freq. Value 8 8 6 . 5 4 5 7 4 . . . . 10 . . 

Rank 4 4 6 . 7 8 7 5 8 . . . . 2 . . 

P13 
Freq. Value 4 2 2 3 . . . . 8 . . 2 10 . . 1 

Rank 8 10 10 9 . . . . 4 . . 10 2 . . 11 

P14 
Freq. Value . 6 . . . . . . 5 . 10 . . . . 7 

Rank . 6 . . . . . . 7 . 2 . . . . 5 

P15 
Freq. Value . 5 3 . . . . . 9 . . . 11 . . 4 

Rank . 7 9 . . . . . 3 . . . 1 . . 8 

P16 
Freq. Value . . 6 . . . . . 8 9 . . . . . . 

Rank . . 6 . . . . . 4 3 . . . . . . 

P17 
Freq. Value 2 5 7 2 3 . . . 4 . . 2 9 6 . . 

Rank 10 7 5 10 9 . . . 8 . . 10 3 6 . . 

P18 
Freq. Value 7 7 . 8 9 . 7 . 7 . . . 11 8 . 7 

Rank 5 5 . 4 3 . 5 . 5 . . . 1 4 . 5 

Sum of Freq. Value 58 89 61 47 49 35 31 29 105 25 33 4 86 76 13 41 

 

  



    

53 

 

Table 2.1 and 2.2 show both the rank and frequency value of each participant. 

Figure 7 shows the sum of each frequency value, and based on the figure, restroom, 

kitchen, lobby, library, and plotting/printing area have high frequency value. As stated in 

the reports, the 12 most frequently visited zones were identified as well. Places with a 

frequency value higher than 40 were used to define zones, and adjacent places 

categorized into a same zone. Figure 8 describes 12 different zones in the floor plan, and 

explains the zones below the plan. Therefore, the sum of each distance between the 

participantôs workstation and the 12 different zones were used to identify distance for 

each participant. Table 3 summarizes each of the participantôs distance used for this 

research. 

 

 

Figure 8. The 12 frequently visited zones in the floor plan 
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Depth 

Depth, which is one of the constructs based on the space syntax theory, was 

established by analyzing the floor plan. Depth is closely related to path length. As it is 

defined in Chapter 2, depth explains a degree or the number of spaces people have to pass 

through from one space to a destination. The axial lines connect the spaces to pass 

through. For example, if a person needs to follow five axial lines from his/her 

workstation to a destination, such as a printer room, there would be five different spaces 

to pass through and the depth would be five from the workstation to the printer room. 

Because spaces are not equal in size, the greater degree of depth does not necessarily 

mean that the place is farther away than a place having smaller degree.  

The 12 zones (see Figure 8), which were used to determine the distance earlier 

and were the most frequently visited places in the office, were applied to find out depth as 

well. Each depth between every participantôs workstation and the 12 different destination 

zones in the office was analyzed, and the depth for this research was the sum of the 12 

depths. Because depth is greatly dependent on axial lines, if a workstation shares the 

same line with another workstation, their depth would be same. In other words, if there 

are workstations on the same axial line, the depth would be identical, even though the 

workstations are not located next to each other. Figure 9 describes the way to measure 

depth from a workstation to each destination, as an example of Participant 9. Figure 9 

shows depth from the participantsô workstations. Table 3 also summarizes each value of 

distance and depth from the each participantôs workstation.  
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 Figure 9. The way to measure depth from P9ôs workstation to each destination








































































































































