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ABSTRACT

Lack of enough activity during the daythe workplacénas become a serious issue
resulting inobesity and health problenThis research explores how interior layobit
workspacecan affecemployeeénumber of steps and fateface interactionsandalso
investigates whether fage-face interactioarelate to job satisfactiomwenty one
participants were recruited and the datescollected through completing sekport
forms to report the number of steps and interactibagarticipants had daily for ten
business days. The datasanalyzedusingthe linear mixed effect models, correlations,
ANOVA, and ttests.Thefindingssupport both social ecological model and space syntax
theory with positive relationships amodigtance depth, the number of steps and
interaction, and moderate variablpgisonal organizational, and environmental factors).
However, therés no significant correlation between interactions and job satisfaction.
Sincelimited studies have been condutte examine a correlation between movement
and interaction in work environmenthis researcHill sthe gapof findings from previous
literatureand makesecommendations for future research

Keywords:working environments, spatial layoudtistance, defh, physical

activity, movement, facgo-face interactionjob satisfaction
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CHAPTER 1: INTRODUCTION
Background and Context

An increased risk for various chromliseases, such as diabetes, obesity, and some
types of cancers result from beimgufficiently active(Britain, Donaldson, & Britain,
2004 Dishman, Heath, & Lee, 2012More than one third of adults in the wadd
industrialized nations are not active enougheteivephysical health benefi{®).S.
Department oPublic Health Servigel996; World Health Organization, 201Pgople can
achieve posive effects on health by being moderateiywigorously active on a regular
basis(Paffenbarger Jr, Hyde, Wing, & Hsieh, 1988odaniuk, Plotnikoff, Spence, &
Wilson, 2004. Possible shorterm and longermbeneficialhealth effects, for example,
can be weight reduction and lower risk of getting chronic diseBs#fenbarger Jr et al.
(1986)found out two facts by examining 11,000 alumni of Harvard University, after
controllingfor possible ifluential factors such as demograghit) There is a 20% lower
chance to having strokeor 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 extrawo minutes per day.

However, based on the report of the City of New York (20tt@ reality is that
the majority of people speradmost 906 of their timeworkingindoors. As their jobs are
mostlysedentaryStokols, Pelletier, & Fielding, 1996the notable problem is inactivity
among workers. Frommultidisciplinaryperspective, there are some factors to hinder
physical activity in working environments, besides spatial lay&it&e office chairs are
designed for comfort and ergonomiaswer movements are made, such as shifting or

repositioning oeself while sittingn a chair(Wells, Ashdown, Davies, Cowett, & Yang,



2007). Thereforeemployees can be easdpservedloing these actionshey send emails
instead of visiting a coworkér cubicle and roll across the room to reach something
insteal of standing ugWells et &, 2007%).

In response to the potential hazard from inactivity and the fact that people spend
most of their dagin buildings, researchers have statteel meaningful impact from
sufficient activity, andrying to promote physical activity as much asytltan during the
day.Undeniably a well-designedandactivity-friendly office layoutcan provide
employees with hidden health benefits, since pésph®vemert arelargely affected by
thespatial layoutAccording toZimring, Joseph, Nicoll, and Tsepas (20Ctivity-
friendly buildings have visibility, accessibility, pleasant, and supportive features to
motivate peopléo bemore activeHence, countless studies about understaritieg
behavioal determinant®f physicalactivities in variougnvironmentsandthe effects of
interventionshave been examindBauman, Sallis, Dzewaltowski, & Owen, 2002
Dewulf, Neutens, Van Dyck, De Bourdeaudhuij, & Van de Weghe, ;Z@1laniuk et al.,
2004 Sallis, Bauman, & Pratt, 1998Vells et al., 2007Zimring et al., 200% For
instance, as the guideline of the City of New York (2010) says, architects and interior
designers can encourafpeming physical activity one of habitual behavioryrough a
spatial desigproviding prominent and aesthetically attractive staather than
encouraginghe use ofelevators. @anizingcommonly used areas, such as restrooms,
cafeterias, copier roommailrooms, and meeting rooms, in pleasant walking distances
from individual workstations caalsopromote walking or travel in office environments
(City of New York, 2010).

Being active in working environments can result in environmental bensfitgl.



According to thdJ.S. Department of Health and Human Services (208ihce roughly
three to ten percent of a buildisgenergy is typically used for elevators, using stairs
rather than elevators caaduceenergy consumption, which would eventuallyd¢a
reduction of greenhouse gas emissiédmsther pasible beneficial outcome from
increased movement in working environments can be an increased access towards
information and idea@Vineman & Peponis, 20)@ue to the higher possibility of
communication amongolleaguesThelongerthe distance workers need to make to get
to their destination from their workstations, the more oppatiesworkers haveo meet
and/or to communicate with other people in the working place.
Research Questions

The following three research questi@mergedor this study:

1) Does distance between destinasiomhich arenfluenced by spatial layout of
the office environment, increase workamovements?

2) Howdoes worke@movement promotteraction 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

Workingenvironmentefers to a spatial area haviafunctional role for
producing any profits as a corporatiés the term has its origin in environmental
psycholog, any physical spaces designed and used for specific activities can be defined
as the concept of workspace, and the places have pespteal angbrofessional

relationshipgFischer, McCall, & Morch, 1989The peoplewho are doing specific



activitiessuch as producing profits, amtsocalled as workers.

Layoutrefers to a part of somethinigatis physically arranged or set up in a
patticular way. A spatial layout means, especially, the way components in an interior area
are arranged.

Distancemeans an amount of space between two points along a path, and it can
be described as long or shdrherefore, in this paper, distance between twwmore
destinations in working environments me#msphysical lineatengthof circulation
routes in the space to travel to get from one point to another.

Depthindicates a degree or the number of space people have to pass through from
one space to ather, and it can be expreskas less or greater.

Physical activitywill be described as activity relating to the bodgvemend,
which also will be defined as a walking behavior along any possible path, in this paper.

Interactionmeans having verbal aonverbal conversation or communication
with one or more peopl@here 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 pladneteractions 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 cepresence or movement in offic@dillier, 2007, Hillier, Penn, Hanson,
Grajewski, & Xu, 1993Peponis et al., 200 Peponis & Wineman, 2002

Job satisfactiomefers to an overall emotiontilfillment of employeed
expectations or pleasure, and the fulfillment can be oriented from workin@emants.

There are diverse correlated factors with job satisfaction, such as environmental features,



physical conditions, or overall environmental satisfactibnan be usually measured in
multidimensionaterms.
Purpose and Significance of Research

In thisresearchthe pattern and the hypothetical effects of interastmmong
coworkers willbe discussed asmainresultof physical activity Studies have founthat
the fundamentampact of physical activitys positivehealth benefit¢Paffenbarger Jr et
al., 1986 Prodaniuk et al., 2004nited, 19%; World, 2011, because the action of
movement is literally the byproduct of making the body mowerder to have faet-
face conversations, employees need to get up and take a stroll in thebv#icéf the
purpose of the walk is not to have faoeface inteactions with other people, and
employeesvalk around for diverse reasons depending on their desting&ans
restroomsgcopierrooms, or kitchen arg¢ahe possibility to have unplannedenactiors
with others can be createtherefore, 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 feelibgsing the comersation, they can
alsocome 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 problerkurthermore, the physical actiyiand communication among
colleaguenables workers toecomerefrestedfrom theirroutinework by gettingaway
from their computerin this study, job satisfaction is able to eventually barditipated
advantage from these benefits of an increasddrdie between destinations which can
make workers move around more.

Based on the research questions and the significance of this resdepterQ



explores a detailed literature rew on the findings about spatial layout, movement,
interactions, job sadfaction, and habitual behavior. Chapter 2 also provides conceptual
framework for this research by reviewing social ecological model and spaiz

theory.



CHAPTER 2: REVIEW OF LITERATURE
Overview of Context

This chapter reviews current literatune the relationisips between 1) interior
layout and peopfs movement, 2) peogiemovement and their interactions, and 3)
peopl® mteractions and satisfactiodditionally, this chapter covers literature review
on 4) habitual behavior, and 5) social legical modeland space syntax theomhich
establistthe theoretical frameworks for this researthroughout this chapter, important
and relateatoncepts, keywords and variables will be defined and identifidtegselate
to the study of physical movemt and interaction in working environments.

Literature Review

Layout and Movement

Winston Churchill once saidWe shape our buildings and afterwards, our
buildings shape uslt is obvious that human beings are affected by environments, such
as buildirg 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 variab{@enn, Desyllas, & Vaughan, 19%Rashid,
Kampschroer, & Zimring, 2008Vells et al., 200;7Zimring et al., 200h Zimring et al.
(2005)statethat there aréhree maircharacteristicef building design that cagspecially
either promote or deter physical activiiit) the provision and design of actiy-
programmed spaces, 2) the provision and desirability of actialycing spaces and
amenities, and 3) the design of the buitgsdcirculation system(p. 190).

In fact, there are some featurbatthinder physical activity, such as unneeded

escalatos, overemphasizedlevators, and obstacles including grade changes, ard non



ergonomic desigfLeibrock & Harris, 201} However, activityinducing spaces, such as
cafeterias, mailroos) or snack bars in offices can give employees opportunities for
walking. The buildings circulation system, including corridors, elevatstajrs and
lobbies, can motivate workers to engage in physical actagityell(Zimring et al., 200%
Among the building elements, stairs have the highest potential to impact playgsiciy,
since most buildings have them and people can use them Eagihermore, 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 stdrs building layout
to promote workers to move moiherehas beemlsoan increasing interest in the
effects of this kind of intervention for encouraging physical activity in working
environments among research@szywacz & Fuqua, 20Q0®rodaniuk et al., 2004
Wells et al., 20077Zimring et al., 200h

Notwithstanding the positive effects from physical activity, an indivi@ual
intention, among other personal factors which play a moderating role, is the most
significant factor in determining ofeemovemers. Zimring et al. (2005efine three
different types of activity: 1jecreatiomal 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 ativity 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 legbrid physical activity is the
most deal type of activities, but it requires some degree of intention to perform it.
Therefore, teencouragédnybrid physical activity, designers need to acknowledge the

relationship between layout and personal intentmen though most individuals prefer



to follow along adirect and the shortest linthere are always available choices to choose
a path, depending on the preference of the individuals.

Environmental factors are critictd the relationship between spatial layout and
movement. For example, teaiagy 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., 200y Bassett, Schneider, and Huntington (20&4)lored the relationship
between technology and physical activity, and found that the Amish walk roughly 2.5
times morehian Americans on average, Amish men walk 18,425 steps per day, and
Amish women walk 14,196 steps per dagother example is a guideline for the optimal
distance between the stove, sink, and refrigerator, which is known i&dheell kitchen
trianglep or fkitchen work trianglé to minimize the steps for housewivghild, 1914
Fischer et al., 19§9However, what is paradoxical here is that, even though people want
to ease the burden by reducing steps, now tkis tias been changed by realizing that
having more steps can beneficialin many waysUndoubtedly, a shorter path is not
always the best. For examptbe paththrough a museurman be designed to be lgng
because people might want to appreciate enexgerpiecein that museum. Furthermore,
for retail environments, the longere costumergpath the more chance they could be
exposed to goods, which would lead to higher sateshort, the notion about and
relationship between layout and movement cachasged, depending on thanction of
the space

In the study oPenn et al. (1999}he authors delve into tlerrelationbetween
spatial layout and movements in a working environment by analyzing two different

layouts of company X, before and after a renovafidrey conducted postoccupancy



evaliation (POE) after eighteen months, including an overall observation and a survey of
three staff members from each busing@$® authors found that the new layout enhanced
interaction and communication among business ufiitsiicold spos ,dhe space pedp
rarely use or visjtwere eradicated because of a compelling effect on the intensity of
spatial accessibility of each ar@enn et al., 1999The pattern of movement was
changed as well, such as indicating higher level of movemeéné corridors, with
highest level on the bridge connecting the atrium to thiesgPenn et al., 1999The
POE showed@n increase in théensity of the organizatiof@pproximately 28% and
implied that the pattern of movemewasgreatly affected by the structure of spéeéenn
et al., 1999

Axial linesparticularlyhave plagda significant role in structuring the patteiof
movementdue to the ability of connecting spat¢egethedinearly, reoresenting choices
of movement routeg.he pattern of movemerdan be greatly changed by tinéerior
layoutwith the entrancehangng directiors, orthe degre®f depth in the axial map.
Interior layoutcan also impact thiendency, people sit deep afe@an the entrance, and
movemen{Penn et al., 1999To be maoe specific, higher levels of movement occur in
the shallower or mormtegrated spacdban deeper angkgregatedpaces, because
whether the degree is deep or shalt®termineghe pattern of movemef®enn et al.,
1999.

Over decades, the fact that people frequently choose shorter route has been
examinedHill, 1982, Hoogendoorn & Bovy, 20Q046eneviratne & Morig 1985
Weinstein Agrawal, Schlossberg, & Irvin, 2Q008fter analyzing pedestriadisabits for

choosing routedlill (1982) found that people often choose a particulateou
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subconscioug because of directness, including the distance of the route as well as its
complexity, as a most common reason. In additainstein Agrawal et al. (2008)
conducted a survey of pedestrians who walked to five rail transit stations to examine
route choices. 52% of pedestrians mtder route choice because of the shortest or
fastest route, and additional 9% of them chose the route @oavenienceThe authors
alsofound that almost every pedestrians responded making a route ohthieeshortest
as either very important or sewhat important (e.g., 82% oésponsesn very
important and 17% of responses on somewhat important). Therefore, the authors
concluded that minimizing time and distance is pedestipamary consideration in
choosing a rout@Neinstein Agrawal et al., 20D8As external factors, pleasantness such
as visual smuli and presence of other simulations can play an important role in route
choice and preference and walking beha(igovy & Stern, 1990Hoogendoorn & Bovy,
2004 Zimring et al., 200h
Movement and Interaction

According toPenn et al. (1999Wworkers need to get up and move through the
office to speako someon®r have a facéo-face conversation, artde chance of
opportunistianeetings can be increased by moving through the offiverefore,
movement affected by spatial patt@emndetermine thevalking pathsto makeworkers
pass coworkedsvorkstationgPenn et al., 1999Passing othdés workstations bgxposes
peopleto ongoing activities, which mighte unrelated with on& work or might not need
to be shown from oré workstatior(Peponis et al., 2007A positive relationship
between the structure of space and the pattern of movement has been shwamy by

studieg(Hillier, 2007, Hillier et al., 1993 Penn et a).1999 Peponis et al., 200,/
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however, only limited study has been conducted to examine a correlation between
movement and interaction in working environmeiiRashid et al., 2006

The pattern of movement is not the onhe affected by the spatial layout in
building interiors Evidence ofa positive correlation between spatgttern and
interaction in workingorganization has beetudiedthrough the layod spatial analysis
and the observation d@sastatistical angsis (Hillier, 2007, Penn et al., 199%eponis et
al., 2007 Rashid et al., 2006The main attribute is a direct impact of patterns of space
use, depending on spatial layout, on the frequency of contact among workers in working
environmentgPenn et al., 1999and thdrequencyleads to useful interaction between
them(Hillier, 2007; Hillier et al., 1993.

Interactions generally take plasdenat least one person shows his or her
availability for conversation when someone is passingi®ann et al., 1999People tend
to look straightahead while walking, and to keep their heads down while working, for
indicatingunavailabilityand intention not to be disturbedowever, as soon as people
turn to look athecommon work area or other people, or look up, they can be considered
to beavailablefor interaction.ndividuals talk to roughly 65% of all other available
people, regardlessf the distinction of different types of interactifeponis et al., 2007
Additionally, interaction can typically be defined as formal planned meeting
conversations and informalnplanned interaains in office organization®enn et al.,
1999, and the workelated and social interactions are the highest common interaction
(Peponis et al., 200 he fact that over 80% of woielated conversation was observed
as unplanned conversation was foundlgkhouse and Drew (1992 terms of the

duration of interactions, more than 70% of conversatiast less than 30 seconds, and 90%
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of conversatioalast less than two minutéBenn et al., 1999

Some researchhows that there is a strong preference of having interaction in
individual workstationHua, Loftness, Kraut, &owell, 2010 Rashid et al., 20Q6After
studyingongoing interactions at four different offide resulindicatedthatthe majority
of interaction take place in individual workspd&ashid et al., 20Q6Hua et al. (2010
alsoconducted a field study aboii different office buildings in eight US cities,
including 27 different workplacesettingand 308 participants, for two years, and the
authors subsequently found a pattern of interaction in working environment8@xer
participants reportethat casual conversation occurgndividual workstations, followed
by kitchen or coffee areas of 32% particip@ntoicesHua et al., 2010 MoreoverHua
et al. (2010¥ound workergperceivehigh support and low distraction from work
environments having a longer distance betwienworkstation andmenitiesUItimately,
the study suggests that havimghared service and amenity area in working environment
can play a significant role to encourage workerengagen spontaneous encounters
leading to interactions faocialization, information exchange, and creative development
(Hua et al., 2010

However, there are several other factors determining the pattern of interaction in
working environmens. Densityof occupatiorandaverage opatial integradn, which is
one of spatial characteristiptay an important role in defining levels of interaction
(Hillier et al., 1993. Furthermore, the notion thatformationexchange and
communication, which eventually influence job productivity, can be affected by design
and layout is supported aflow model anda serendipitous communication model

(Peponis et al., 200./Based on theerendipitougommunication model, people can
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come out of their worktationsdue tothe purpose of visitinghe placs servingas

informal interaction nodes, such as cafésnce, frequent unplanned interaction can

make worker8range of communication rather broad®eponis et al., 2007
Furthermorevisibility, openness, acssibility, and hierarchy can either support or

restrict chance encountdafatmake meaningful interactionfRashid et al., 20Q6For
example, peplewho are in the more accessible spaces in the building, are greatly visible
and reachable, because a pe@stocation can deterine the possibility of interaction

with others(Penn et al., 999.

According to the results of the study conductedrRbghid et al. (2006pased on
the analysis of four different large offi@spatial layouts and behavior patterns, even
though the offices offer collaborative workspace to encourdgeactionoutsidethe
individual® workspace, most interactions occur in the workstatitmwever, there is a
considerable difference about other locagisapportingnteractions, such as the
corridors or a common area, depending on the different spatial cultures oftiotenac
the office organizatiofRashid et al., 2006The spatial culture of interaction is a crucial
factor, since the other locations for interaction are largely affected Ispé#tial culture
of interaction. Tose factors can drive workers to prefer having-tadace ineraction in
individual workstationss well The authors emphasize that organizational function and
culture are substantial factors to determine the pattern and the goal of interaction, by
providingplentiful evidence in terms of accessibility, visibilignd organizational
hierarchythrough a space syntax analy§&ashid et al., 2006

In addition,Rashid et al. (2006bund a strong anpositivecorrelation among co

presence and interaction, and a weak positive correlation among movement and
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interaction. That means, disregarding mment in these office layouts, researchers can
predict copresencé effects on interactiofRashid et al., 20Q6However, in that study,
the authors observed and analyzed overall impact of movement on interactiorking
environments. Unlikéhe previous study, in this pap the distance of each individ@al
travel fromhis/herworkstation tcanotheis workstation or common area will be
measurd; therefore, the impact @hnindividual® traveldistance orlegree ofnteraction
will be examined.
Interaction and Satisfactin

Theimpacs of physical characteristics of workimmvironmens, such as the
density of the office or the height of partitions on emplogbekavior and attitude has
beencontinuouslygetting researcheabattention for many yea(®©Ildham & Fried, 1987
Rashid & Zimring, 2008 This notionis supported by the fact that individuals have a
tendency to communicate aimderactwith others when physical settings of buildsng
promote them to do séromanoccupationapsychological pespective several theories
have explainethatjob satisfaction can bairectly and/or indirectlaffected by diverse
factors, and job satisfaction and job performagezlosely related to each oth&he
persorenvironment (FE) theory which is widelyapplied to organizational psycholqgy
especiallyexplains thébehavioralbutcomes as the intetamn/fit between a variety of P
and Evariables Based orParsois (1909)P-E fit theory,the Theory of Work Adjustment
(TWA) was introduce@Dawis, 2005 Rounds, Dawis, & Lofquist, 1987 According to
the TWA,working environments (e.g., atmosphere, interactionsan@l supporamong
workers)can play a keyole in convincingemployees stay longer (tenuf®ounds et al.,

1987. Emotional depletion and exhaustiasill finally result in job burnout, affected by
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both job satisfactiomndjob performancéMaslach, Schaufeli, & Leiter, 20D1

From theperspective thgphysial layoutconsiderably affectpatterns of
communication and social interaction, the concept of the-pf@noffice was introduced
in the United States in the 1960s to sefficient communications among workers
(Sundstrom, Herbert, & Brown, 1982n general, opeplan office refers to a pladbat
featuestheabsencef interior walls, partions, or roomgOldham & Brass, 1979Even
though the main purpose of the ogdan office is greater accessibility to make
communicabn easier, the openness of the space is likely to make satisfaction with
privacy andacoustis lower at the same timéhesebenefits and disadvantages of open
plan offices have remained an unsolved dilemma among practitioners for decades and are
still being debateqOldham & Brass, 197®Ildham & Fried, 198/7/Peponis et al., 2007
Rashid & Zimring, 2008Sundstrom et al., 198Zimring et al., 200%h To be specifc,
one of the primary aspects timake people feel dissatisfaction from their operking
environments can baverstimulationj.e., too many people, too many interactions, or too
close proximity to otherfOldham & Fried, 198) However, in thigesearchinteractions
occuring exclusively duringhe work hourill be the focus, regardless of the degree of
the offices opennesd his 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 beégn familiarity with others and interaction, which
would enhance attraction in turn, was established a few decad@sldgam & Brass,
1979). It has beemlsodiscovered that habituations of interaction pattern and rigidity are

able to be formulated amiliarity among teams and grou@Sorman, Cooke, Amazeen,
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& Fouse, 2012 Gullahorn (1952ronducted a study to scrutinize frequency of
interpersonal contact, which refers to friendship opportunities among coworkers, by
examining 37 employeesrfowo and a half monthéccording to the articleptform
friendships among coworkers, which can fulfill employsesgial and emotional
connectivity with others, interacting with coworkers more frequently is one of the critical
factors.In particular, fequency of interaction plays a more significant role for the
younger groups to develop employ@eb satisfaction through friendship, while
proximity is a more significant factor for the older grog@sillahorn, 195

In terms of frequency of contact and familiarity among workers, as described in
the previous section on layout and movemBenn et al. (1999xunched a survey of
three staff members from each busind$® authors found that the mean frequency of
both interaction andncounter with others is affected by spatial accessibility (e.g., the
spatial isolation), and that the frequency can deteroseéulnessf 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 usefukpend that the
conversationproduceuseful informatiorfor his or her work

In addition, based on the fact that any increase in interaction aifgetsizational
outcomes by any increase in interaction, informal communication can be seen as a
suitabk way to spread ide@Rashid et al., 2006A spread of information, improved
coordination reduced process redundancy, and greater organizational efficiency are the
exampleof benefitscoming from any increased interactioMoreover both
performance and satisfaction witltos can be enhanced bppropriateand accurate

exchange of information through the interactions. In skrattjt, Goris, and Vaught
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(1997)said:iindividualsreceivingproper, correct, and clear information may perform
adequately, which in turn may giveeito positive feelings about their jobs, or vice versa
(p. 93).

Furthermore, to an individu@l health and webeing, the degree to which an
individual is interconnected and embedded in a certain community is crucial, since social
support and social ngorks are botlndispensabl@rospects for understanding
interpersonal relationshigBerkman, Glass, Brissette, & Seeman, 2000Neill,

Kreuter, & Sulbamanian, 2006 In general, social suppsrare referretb as resources
supported by other peopl€ohen & Syme, 19950n 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 d Medicine, 2001)As a vitalfibuffero in terms of an employéestress 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-siigiin jobgMcNeill et

al., 2006. A social networkalsoenables people to feel attachment aodnectedness to
others(McNeill et al., 2008, which would affect thevorker® job satisfaction

emotionally.

However, it is undeniable that job satisfaction and job performamatosely
correlated with each othé@rherefore, researchers have tried to formulate the exact
relationship between the two elemeisdge, Thoresen, Bono, and Pat@d01)
developed seven differejub relatedrelationshipdetween the two variables by
reviewing over 300 articles in both a quantitative and a qualitative Maayauthors

foundthatthe strongestelationship between jakatisfactiorandperformanceand also
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foundotherpossiblevariables to influence the relationshi@onsidering the importance
of communication in organizationflnctioning the degree of communication in working
environments as moderatotin the job satisfactioperformanceelatiorship has been
investigatedPetit et al., 1997. Accuracy of informatioreliveredthrough
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
communicatior(Pettit et al., 199/ In short, &@posure tappropriatecommunication
such as having trust, accuracy, anedibility, improvesjob performance bringing
increased job satisfactioHowever, thigesearctseeks to add to the knowledge base
surrounding the above discussion by bringing aalaktl 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 arepeated actions performed frequently and operated without a
large amount of cognition, which can inéerpretedas actions activated automatically as
well (Jager, P03 Neal, Wood, & Quinn, 2006NVood, Tam, & Witt, 200% According to
an investigation conducted Iuinn and Wood (2005ppproximately 47% of daily
behaviors were performed repeatedlynasamelocation and almost every ddBecause
of the automaticity of habitual behaviors, people mammizetheir cognitive efforts
however, their habits are leggone to be changed than reasoned or planned behaviors at
the same tim@Jager, 2008 Notwithstanding the unlikelghangeablaspect, therare

several reasons one magea to changeertainhabitualbehaviorsFor exampleNeal et
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al. (2006)especially mention théafive of the leading health risks in the U.S. emerge
from everyday repetition of acti@nsubstance abuse, obesity, tobacco use, risky sexual
behavior, and inadequate exerci§e.200).

To understand the process of changing habitual behaviors, four typassaf ¢
variables are introduced I8tern (2000)The first factor isattitudinal factorsincluding
individual® norms, beliefs and valugsontextual forceare the second main type and
include interpersonal influences (ejersuasio)) government regulations; capabilities
andconstraintgenerated by technology and the building environment (e.g., building
design),which will be focuseanin this paper; and so oAs a third type of causal
variable,personal capabilitiegnclude the knowledge and skills for the actions, and the
availability of time to actThe last type of causahriableis new habit(Stern, 2000
Moreover, in order to support changes of habitual behaWesjer, Cook, Colby, and
Lim (2012)adaptedhebehavior change model to explain four different supporting sevel
individual level, supportive social milieu, physi@lvironmensupport, and economic
and policy support.

In order to motivat@eople to choose to perform recreatioimatrumentabr
hybrid physical activity over just sitting at their chair or rolling chaososs the office,
thereareseveral potentiaduggestionsRemoving cues to performance and/or creating
new circumstancemight leadto habitual behaviors changibg eliminating cues for
automaticityand/or setting a new intention and gfafbod et al., 2006 Persuasive
messages frommampaignand other interventi@can be anothesolution to change
peoplés sedentary behavidnowever, it has halimited effect on changing behaviors

(Neal et al., 2006 The pasible 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 migpenctive
the new informatiorfJager, 2008 In other words, minimizing the environmentattars
automatically affectindgpabit performance, time, and repetitail work to break current
sedentary habits and createnew active habitéKremers & Brug, 2008

For exampleyan NieuwAmerongen, Kremers, De Vries, and Kok (2011)
conductedesearch to examine whether stair use among students and employees of a
university in the Netherlands would idluenced by increasing the attractiversesnd
accessibility of stairsThe study used multdirectional environmental interventions, such
as pompts and enhanced aesthetics, visibility and ailmkiys The authors observed
users (both students and eoy®es) by using video camer&sata were constantly
collected 1 week prior to and 4 weeks aiteplementing the interventio21,798 cases
wereobserved, and the results show there are8.2% increased use of stairs and
remainedjuite stable over the 4 weelsren though this study contains few limitations
since it does not consideollectingdata during the intervention period and the dendity o
elevator use, the result indicates intervention may impact piedybitual behavion
another study, the potential effects of implementing interventions were investigated
regarding college studentdabits of leaving the classroom without turningtb# lights
(Werner et al., 2002There were two different types of interventions (e.g., presentation
and reminder sign), anck?2 factorial design was utilized over three periods (e.g.,
baselinejntervention, and followup). The result shows that a presentation would be
more affective interention 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 isusceptibléo be changed more if the following situations would
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be povided: (1) thdimiting the existing habi and situations, (Zheavailability of clear
information on the longerm negative outcomes of existing behaviors and positive
outcomes of alternative habits, and 8 providinginformationon the shortterm
positive outcomes of alternatibehavios (Jager, 2008 In summary, if people have
positive attitude toward physical activity, feel so@etssureéo do so (subjecte norm),
and think they can do successfulpefceivedoehavioral control), they are more likety
engagen physical activity(Armitage, 200%.
Theoretical Framework

Social Ecological Model

A social ecological modetasoriginally developed from the ecological
perspectivesignificant progress in mostly healtblated practices has been made due to
this perspectivéGreen & Kreuter, 2005According to the social ecological model,
physical and saal environments characterize the ecological view interdependently
(Stokols, 199pwith multidimensionabnd multilevel standpoistwhich are personal,
organizational, and environmental fact@&een & Kreuter, 20055rzywacz & Fuqua,
2000. The social ecological model has been adopted to explain the multiple relationships
of physical activitywith thosemultidimensionafactors(Grzywacz & Fuqua, 20Q0
Prodaniuk et al., 2004&allis et al., 1998Zimring et al., 200h Based on the article of
Zimring et al. (2005)environmental factors, such as urban design, site design, and
building spatial design, have a direetationship with physical activitydowever, both
personafactors (e.g., demographics, health variables, and attitudes) and organizational
factors which might support or impede physical activity (e.g., social structures,

organizational supports, and [@sophies) can moderate the environmental factoles
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(Zimring et al., 200h

Social ecological models demonstrate complex and associative correlations
among individuals and environments as rather more comprehensive understandings, and
highlightthe impotanceof behavioral influences froitihe threamultiple levels
(Grzywacz & Fuqua, 20QMcNeill et al., 2006 Sorensen et al., 200Zimring et al.,
2005. The most important point of the social ecological model is the facbématviors
affected by environental factors and individual factors at the same {isheNeill et al.,
2006). Therefore, a social ecological perspective suggastinteraction thas individual
as well asocialwithin a physical environment, and states the need to increase the
concept of dipersorenvironment fib (Stokols, 199h

Utilizing the viewpoint ofSallis, Owen, and Fisher (2008yho define
environment as beyorshumaris area\Wells et al. (2007gxaminel the diverse potential
influences of environments (e.glpthing, food environment, technolodyyilding design,
urban design, and natural environmyent physical healthThe author further explored
thatthese environmental factors mighthersupport or hinder physical activity.
Consequently, researchers can stretch to consider a broad sechewhbleapplication
and collaborations to make positive contribusion this multidisciplinaryfield because
of this extended conceptualization of environméislis et al., 200y

However, personal, organizational, and environmental factors can be too broad
and ambiguous toonductresearchespecially when they are considered togethneeed,
Sallis, Johnson, Calfas, Caparosa, and Nichols (1&&dare that such a broad range of
factors, like biological factrs havingeffectson physical activitynight lead to

insignificant correlations between physical activity andaineironmentHence,
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Grzywacz and Fuqua (2008)gue that before conducting research, there is a need to
define personal, organizational, and environmental fasfesifcally, and to
acknowledge the fact thpbssiblecontributors such as various individual charactessti
can produce different results on physical actiigsearchers can obtain the benefita of
socialecologicalperspectivdoy narrowinganddefining theethree factorsin this way,
more unequivocal implications about the relationship®ng variablesan be created
and these specific implications can help researchers to apply the findings further
(Grzywacz & Fuqua, 20Q0Additionally, by paralleling the findings at multiple levels,
researchers dodge possible obstacles for proper application another advantage of the
social ecological perspectivigrzywacz & 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 employe@shysical activity, based cem ecological approadstokols et al.,
1996 Wanzel, 1994 Due to the fact that the environments where peoykractarethe
keyinterestof ecological model, to scrutinize wider spectrum of a p&sside
surroundings having an intervention, the ecological approach has been (Glaedn,
Levesque, & Richard, 200.ITo summarize, when researchers exarttiee
environmental influence on physical activity the environmental factors sheuld
included(Prodaniuk et al., 2004
SpaceSyntax Theay

In general, space syntax means both the theory and techniques for analysis of a
spatial sygem.Space syntax theory and techniguesed for analysief accessibility and

visibility, wereoriginally developd for street and neighborhood design (Hua et al., 2010).
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In thisresearchthe possible relationships among variables will be examinedginrou
space syntax theory. For analysis of interior layouts, researchers can examine the way
faceto-face interaction is affected by a spatial system by looking into movénieets
and visible cepresencéPeponis & Wineman, 2002Thereforea two-dimensional
building plancan 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, 2002Therdoy, the overall layout of the building can be
examined(Hua et al., 2010

Six constructs in space syntax theoriesggrenness, depth, connectivity,
accessibilitythe degee of contraland visibility (see TableXHillier et al., 1993 Zeisel,
2006.

Table 1
Six Constructsof SpaceSyntaxTheory

Constructs Description
Openness The degree of spatial enclosure in a setting
Debth The number of spaces a person would have to pass through going frt
P one space to another
For a single space, the number of other spaces directly connected to
- For a convex graph, represethe number of other spaces directly
Connectivity . .
accessible from it
For an axial graph, the number of axial lines that cross another axial
Accessibility Representations of spatial configurations in which a person passing

through a series of spaces would endagpk at the original space

Calculated characteristic implies a social or behavioral correlate to th
Degree of Control physical relationships of spaces in plan (i.e. degree of control a persc
feels over social interactions)

Represents the pprtunity of people moving through a sequence of

Visibility spaces to see into other adjacent spaces

Adopted frominquiry by designEnvironment/behavior/neuroscience in architecture,
interiors, landscape, and planninigy J. Zeisel, 2006, p. 34345. Copyright 2006y
W.W. Norton & Company.
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In addition to the six constructspnfiguration which is creating a discrete
individual unit converted from the constant spadi®ws the assigning of different labels
to the unit(Bafna, 2003 By examiningthe configuration, researchers are able to develop
either a convex map or an axial m@peFigure 1), depending on what aspect of the
building they want to analyz@afna, 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 daghaviormatterns wthin the spatial layout
(Bafna, 2003 There is also a need to know two key teramnectivityandintegration,
to understand space syntax the@gnnectivity, which is the Iad property, describes the
number of axial lines directly connected to spatial yrtislso means the degree of

choices for the line.
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Figure 1 An example of how to use axial lines by using space syntax theory. Adopted from
fiSpace Layout and Fate-face Interaction in Officés A Study of the Mechanisms of Spatial
Effects on Fac¢o-face Interactiog, by M. Rasid, K. Kampschoer, J. Wineman, and C. Zimring,
2006,Environment and Planning B: Planning and Desig3, 3 828

/SN

On the other hand, integratiomhich 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 integrgBafina, 2003Hillier et al.,
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1993 Rashid et al., 200&ineman& Peponis, 201 In other wordsRashid et al.
(2006)define connectivity and integration by stating thet he hi gher t he
an axial line, the greater is the number of choices of movement from tharioitee

higher the integration value of arial line, the easier it is to get to the line from all other
I i n(p. 828) Thereforejntelligibility, one of the key terms in space syntiaoryis
generated based on the predictable correlational effect between connectivity and
integration(Wineman & Peponis, 20)0To be specificintelligibility enables researchers
to measure thpredictabilityof global property and local pperty (Bafna, 2003Hillier,
2007, Hillier et al., 1993.

Because of these characteristiEng able to objectively measurisgatial
configurationwith multiple constructsrather tharsimply measuring space through
traditional metric distance, space syntax allows researchexsaitoinethe relationship
between pace and societ{Bafna, 2003Wineman & Peponis, 20)0n other words, the
more integratethe spatial systenmthe eaier people can travel from one space to another,
and conversely, the more segregated it is, the longer th¢Wateman & Peponis,®.0).
However, there is a difference between intelligibility and accessiWihereas
accessibility is about function in having faimeface interaction or getting information,
intelligibility can show overall patterns among individual configurati@esitaining an
organizatiois spatial culturgPeponis et al., 2007

Even though previoukteraturereviewshave discussed the significant effects of
spatial layout on movement and faceface interation in an office environment, there
are limited studiethatinvestigaedthe relationship of movement and interaction through

different spatial layoutéRashid et al., 2006The studyby Rashid et al. (200@&xplores
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thevaluablerelationship among movement, visible pesene, am faceto-face
interactiors through analyzing four different offices based on a space syntax métiend.
study& analysis of four offices was conducted by using computer software to create an
axial map, after measuring the valuesonnectivity integraton, and deptitRashid éal.,
2009. Similarly, Peponis et al. (200@)iscusses the impact of spatial layout on pastern
of i nteract i cflowdyadhlyzingah affices ald andnevdlayout, from
space syntatheoreticaview. Additionally,by examining two different office layouts,
before and after renovation of the spa&esn et al. (1999pundthatthe pattern of
movement based on spatial layas well as its direct impact on the frequency of
communication betweenorkers Space syntaxs preferred among researchersdese it
has several advantagdise ability torigorouslydescribe the spatial layodtgenetic
propertiesand to minimize the possible ers of defining variables by using an axial
map without ambiguityRashid et al., 20Q6Therefore, degtn, 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@agioatacteristics.
Conceptual framework and Variables

Based orspa@ syntax theory and the social ecological model, a conceptual
frameworkfor this researciwasdevelopedseeFigure 2). The independent varialdare
thedistanceand depttbetween destinationspmeof theenvironmentafactors,
influenced bythe spatiallayout of the office environmerepth is the only construct
explored from space syntax theory for this resedrbb.office layout determingke
employeegpath, or that neetb move from point A to point Bnovementfrom one

workstation to another pem& workstation or common area (e.g., kitchen, restroom, or
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copier room)s determined, depeedton the office layout. As a mediate varialites
pattern of mgementcould have a longer patr a shorter pattHerein, movement can be
defined as any actity of walking along the pathy showing the number of steps people
walk during the work hour®epending on the distanaepthand thenumber of steps
thenumber of interactionwith others can be varied.

For example, if someoi@ workstation is locatefar away from the restroorsay
about 50 steps, this person needs to walk 50 steps to get to thatypdestimationthe
restroom. While he or she is walking to the restroom, the person might have more
opportunities to meet someone and have a personsakrsation in the corridor or
restroom than someone who has his/her workstation closer to the restayd steps
away.On accounftof thisassumptiopan increasedpportunit to communicatéthe
number of facdo-face interactionsyhile the workers@are moving around the offige 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 moventemiger, by supporting both variables.
To explain the role of moderate variables with more specific definitivats et al.
(2007)define moderate variablestash anmoderatora d d r iedependditypes of
relations; the effect of A on B depends on the level tegmay of a third variable, the
moderatod (p. 25).Under personal factor, there are gender, age, and number of years a
subject has been workirgg the corporatiann addition whether the office has opgtan
or privateoffice andbr theheightof partiions are the examples of environmental factors;
moreover, whether the office has flatheerarchicawork environments, retention of

employeesandbr flexible or rigid work schedule can be organizational factess.
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example, nowadaysvith the developma of technology, younger generations prefer to
communicate with others via online chatting, S($8cial Network Servicepr their
smartphone.Therefore, sincall threemoderate variables might influence the pattern of
movement, defining the possibldatonship among movement, personal factors, and

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

Independent Variables Mediate Variable Dependent Variable

Distance between
destinations

> The number of steps || m—— The number of

Depth between social interactions
destinations |
1
(Environmental factors) \I[ 7
| 1
Moderate Variables Job satisfaction i Job performance |
1
L T 1
- Private office - Gender - Work schedule A A
(Openness) -Age - Job title e p——— 1
- Number of

years of working

Environmental factor)| (Personal factor) | [(Organizational factor)

Social Ecological Model
Figure 2. A conceptuamodelfor this study

Hypotheses

Fourhypothesesveredeveloped for this research, based on the conceptual
framework to examine the relationships amdigjance, deptithenumber of stepsand
thenumber of faceao-face interactiongpotentially leading to job satisfaction. The
hypothesesollow:

Hypothesis1: Increased ditanceand depttbetweeran employeé workstation
and othedestinations will increasthe number of steps they walk

Hypothesis2: The greatenumber ofstepswill correlateto the number oface

to-face social interactionsith othersand play a mediating rale
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Hypothesis3: The greater nufyer of interactions will correlate to higher job
satisfaction

Hypothesis 4:Personalorganizationglandenvironmentafactors will play a
moderating role between distance émel number of steps

For testing these hypothe$ghapter3 present how the athodology were used

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

This chapter describesguantitative desigdevelopedo gain a better
understanding of how interior layout in work environments, emplé@pssical
movement, and their social interaction among coworkenslate, and how job
satisfactions be affected by the interactiofdditionally, this quantitative research
examinedhow personal, organizationand environmentdhctors support or hiret the
relationshipamong those variables.

Data Collection
Participants and Procedures

For thisquantitative studydatawerecolleced fromOffice A, a local architecture
studia FromOffice A, 21 voluntaryparticipantswvererecruited howevey two peoje
droppedout atthe beginning of the data collectidrurther, adata set from one
participant was excludeddm this researchecaus®f unqualified data. Therefore, the
total participants for this study wef. Therewere 6 males and 12 femald3artcipant
ages rangedetween 18 and 45 yeald. For this research, themere nospecifically
established criterifor participaion.

The studywasconductedn earlyFelruary, 2015 yoon receiving approval from
University of Minnesota IRBThe studywassupposed to collect datturing 10 working
days Since everyarticipanthad different schedules such as workimgt of office,
attending € -site meeting, or field trips, the starting and finishing date for the data
collection of each participant varie@verall, the data \erecollected from Feb'™to Mar

34 2015.
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Once @ery employeearticipating in this researdubmitted a consent form
with their signature, theseceiveda research package caniag a selfreport formwith
instructions(see AppendixC), adevice to count his or her steasmdone questionnaire.
Participants wer&ained to fill out selfreport formsby the princi@l investigatorThe
guestionnairésee Appendix Ayvasprovided at théeginningof thedata collection, and
the participats were asked to submit it with their initial segport formwithin a sealed
envelopedue to confidentialityBecausehe data neextlto be tracked for data analysis
such as correlation among their movement and/or interaction and demographic
informationand/or job satisfactigrparticipants submitted their first seffports form
with the questionnaire in a sealed envelope
Self-report Form

The majoity of thedatawerecollected daily through seleports by participants.
A floor plan printedon 11x17paperwasprovidedevery daysee Appendix B)\When a
participantcameto the office, he/she needto put on a pedometer for the entire work
hours.However, if a participanwas out of office for offsite meeting, lunch, or working
out, he/she was reqgenl totakeoff his/herpedometer and when he/she came back to the
office, the participant was kad to put the pedometer back émparticipantwas required
to report the time when he/shante to the office and fethe office and the time when
he/she l& the office for an offsite meeting andame backo the office. He/she should
alsoreport the number of steps on a pedometer when hefstied®ffice.A participant
was asked toeport every single trip whenever he/shedexsome physical movements
(e.g, leaving his/her own workstation and coming backpa#icipantwasalsoasked to

drawtheir path on the floor plan. The destination should be represented with a dot. If a
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participant traveddalong the same path more than one time, helehded tgut slash(s)
(e.q., /, 11, 1], etc., based on the number of trips) on the lpathrip has multiple
destinations, a dot at each destination should contain the number of the deg&tination
order (e.qg., first destinationamld be represented as 1, secondidasion as 2, etc.).

In addition, for an interaction, a participant neededrtawva starbeside a
destinationrepresergdas a dgt whenever he/she hadaceto-faceinteractionwhile
walking through the patfhe number of stars at each destinaticans how many faee
to-face interactions a participant had along the path to each destiffdtelncation
wherethe interaction occueddid not need to be exact, since the stiatyisel on the
number of the social interactions the participant has wialeling.Moreover, as this
study measusgthe social interaction as a fateface interaction, all the interactisn
reported should be fage-face interactioa In other words, iparticipans had a
conversation over the partition without seeing eablerge.g., sending email, talking
over the phone or a partitigrthat conversatioshouldnotbecounted as an interaction
for this study.

Questionnaire

Subjectsalsowereasked to completaquestionnairésee Appendix A)The
guestionnaireonsisedof threeparts;1) job satisfaction2) habitual behavior, and 3)
demographienformation A questionnaire agiddt h e s u b j ephics) suchde mo g r
gender, agayumber of years he or she has worked in the corpora@hwhether or not
a participant hasifficulty in walking. The instrument for measuring habitual behavior
was developed based on the SRe#port Habit Index (SRHIBRHI has shown high

internal reliability, convergent validity, armbnstructvalidity towards physical activity,
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and it has a fonat of a selreport instrumenthatmeasure habits with twelve different
items(Kremers & Brug, 200B For this resealt only six questions from SRklere
used.

Work DesignQuestionnairé WDQ) was utilized as a comprehensive
measuremerfor job satisfactionTheWDQ has three main characteristics; the
motivational, the social, and the contextual characteristics, and thmede characteristic
categories, 76 questions were develofddrgeson & Humphrey, 2006To be specific,
the motivational characteristics cover ten different concepts (autonomy, information
processing, problem sohgnskill 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 suppd); contextual characteristics cover four featuergonomics, physical
demands, work conditions, and equipment @s®rgeson & Humphrey, 2006Eight
motivational characteristic questions, nine social characteristic questions, and five
contextual characteristic questions were includetienquestionnaire to figure out the
participant§overall job satisfaction.

The majority of questions for this questionnaire usédeapoint Likert-type scale
to record the participarigesponses, using a scal€fibb asstrongly disagre¢o 50 as
strongly agreewith fi30 asneither agree nor disagre@o find out what the participants
thought of theijob satisfactiorand habitual behavior of physical movemeéhey were
asked to show their opinion on eathtemenby choosing froniilo to ii50. Furthemore,
the participants needed to show their opinionghemuestioriil have no difficuly in

walkingd with a five point Likert scale betweettronglydisagreeandstrongly agreeAt
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the end of theguestionnairgtherewere three demographic questiottsir gender, age,
and the number ofearsin the workplaceAdditionally, the information about the
participanténames and job titkawas given to th@rincipalinvestigator when recruiting
participants for this research; therefore, phiacipalinvestigdaor was able to track all
their information throughout the research.
Instrument

A pedometer was uséadr this research to count a particip@rdaily step. The26
pedometes, which wereinitially prepared, distributed, and usedere StepCounter
Pedomeers made by AdVantage Industries. Howeubey arevery low end technology
andquality even thoughihey claimedt/- 10% accuracyBecause 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 pedometewere used from day, Both made by
Sportline.Tenof 2-Function Step and Distance Pedomédtdodel #SB1061BKyand two
of Triple Function Calorie Counting Pedomei@iodel #5SB1062BKYeplaced the initial
pedoméers andvereused for the rest of the data collection.

The Workplace

Office A, a local architecture comparwhich was recruited for this research
locatel in thedowntown area in St. PaMinnesotaandwasestablished in 199Dffice
A has 28,007t, which excludes some common aredthin the building such as
elevator, lobby, restrooms, efiche totalemployees at the office at@8; there are 129 in
St. Paul, 7 in Madison, Wisconsin, and 2 studdnt2002, Office A started with about
half the fbor, however, it had gradually madeatial expansion as it grelwo years ago,

Office Afinally took the entire floor, and Figugshows the floor plan of Office A.
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Overall Usage of the Floor Plan

Office A has five different neighborhos(seeFigure 3), which are Hamm,
Summit, Lowry, Rice Park, and LandmargghborhoodAdditionally, there ar@arious
common area®ne front desk/lobby area, one restroom, two libratves kitchen/coffee
areas10 conference roms, one comfort room, one qufetusroom, eight
printing/plotting/scanning room, one vending machine, and two touchdown tables for
small and quick meetindSeeFigure 3).

According to previous literature on open officalthoughthe size and typology
might be quite varied among the opaan type officessia various environmental factors
(e.g., the number of partitions, spatial density, openness, and architectural accessibility)
openplan offices are generally described as sphaging no walls or partitionsetween
the workstationgAshkanasy, Ayoko, & Jehn, 201Brennan, Chugh, & Kline, 2002
Oldham & Fried, 19870ldham & Rotchford, 1983 ThereforeOffice A is categorized
into an open office environmerithe overall partitionbetween workstatiorthatare
facing each otheare low ard there is no partition between workstatitinst areside by
side Exceptthe Lowry neighborhood, all the partitisiave the same style and height. In
the Lowry neighborhood, the height of partitmis 1.44m @68 1/2). There is glass in
the middle ofthe partitionfrom 1.02m @640) up to thetop of the partition so that
employees are able to see each other very Weliside the Lowry neighborhoodhe rest
of thepartitions have two differeriteightssince the partitions arecurved shape. The
highest part isL.83m 69, and the lowest part s07m @&:60). In addition every
workstation has &.02m @640) high partitionseparating them from the aislésgure 4

andFigure5 show the photeof theworkstations with different heiglpartitions
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6 Kitchen 2 12 Conference 3 18 Conference 9 24 E Printer 30 Scanning

Figure 3. A floor plan of Office A andspace function

Figure 4. Workstations with different heiglpartitions A
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Figure 5. Workstations with different heigipartitions B

Unigue Features

Thereare several unique features that Office A has. Eachamlat Office A is
usually assigned to a workstation based on what project he/she is working on. In other
words, once a projetihatan employee is particigag in is done and he/she startd®
involved in another project, he/she should relocate froendurrent 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 workstatia@meswhich arefor departments afarketing,
codes/quality/specifications, grapgiconstruction administrations, IT, leadership, and
HR/accounting/financd-igure6 highlights tlhose area having fixed workstations. This
unique feature might imply that most irdetiors among coworkers occur in the same

zones, since they are working on the same project.
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Figure 6. Fixed workstationsquiet’focus room, and free addresse©Office A

As defined in the previous section, the existenceqfiet/focus room is one of
the uniquecharacteristicOffice A has(seeFigure 6). When an employee goes in the
quiet'focus room, he/she will not be distract&ihce Office A hasnopen plan and one
of the biggest disadvantages of the open plan isgetistractdfrom the noise,
employees can put themselves into a dese/ironmentThe quetfocus room is free of
noise such as other peo@léalking and announcemenBy entering the qeit/focus
room, they are able to concentrate their work Someimes, people go to the epiffocus
room to make a personal phone call.

The st unique feature of Office A is that it is doipilot project, which is
namedree address:ree address is ammeconcepto hot deskbut a different naméHot-
deskings a trendnewly applied to work environmesito foster movement and
interactions among workers a work environmentisinghot-desking, employees might
not haveany assignedeskto workat, butrather can occupy anyacantplaces for the

day(Millward, Haslam, & Postmes, 20RDuring the datacollection therewere four
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peopleparticipating infree address. Two out of four people participated indtudy
They sometimeshosea different workstation differentdays, and sometimefanged
their workstatios during workhourson the same da@ut of totl 140 workstations,
there are seveavailableworkstationg5%) for the people whaevere participating infree
addresgseeFigure 6).
Statistical Analyses

The proposed hypotheses reflected in the model are analyzed by using R Studio.
A linearmixed effectmodel, correlation, ANOVA, antitestwere used for this research.
As one ofthemethods of regression, Imer (abbreviation of linear mixed effect regression)
wasafunctionin R for ths analysisThe model generally explains the degree of an
intercept ad each variabi® slope (how much impact tiredependentariable has oa
dependent variable and whetheattimdependentariable has positive or negative impact)
with a consideration of random effeétlinear mixed modelincluding both fixeeeffects
for overall unitsand randorreffectsfor an individual unithas mordlexibility of fitting
in and couldoe extendedor usein generalized linear mixed mod€Bates, 200b For
this reason, &near mixed effect moddias beemroadlyused especially in social and
medi@l sciences, becausdats researchers investigat@explainedlifferences in the
databy having random effec{8ates, 2005Gelman & Hill, 2006 Snijders, 201 For
examplesince mosphenomenan social science are closely related with each other and
controlling a specific variable completely fralationships igxtremelychallenging, it
is hard to declare a precise relationship between variables. In those cases, many scientists
point outpossibilitiesof unexplained factotmpact, such aanindividual& unique

characteristicsBates (2005alsostateghe following:
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A factor is repeatable if the set of possible levels ofdhtoris fixed and each of
these levels is itself repeatable. In most studies, we would not regard patient
identifier factor (or, more generally, tiisubjeco factor or an 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 regressimn this researchas 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 interadtsesearch
assumes that the distance and/or depainedifferent,the following effects on & steps
and interaction would be changed as wkMo participantengaging irthe pilot project
which is namedreeaddres do not have fixed workstations and one participant moved
his/her workstatiomluring the data collection periofls a consequengcthe different
distance and depth should @ensideredin other wordstheir daily stepsvereregarcd
differently if they sitat different workstatios. Both participanteengaging in free address
worked three different workstations during the data cotbegtieriod, and the three
different workstations each participatosewere identicalTherefore, for the mixed
effect modelthe selfreported data should be coded by the distance and aegthen
be groupedy each individuaperson instead of calcutang the average dll of theself-
report
To putit simply, the data coded in this way is able to present the probable effects
from other variables, such #w differentdaily work hourslt also implies the hidden
difference withinthesame persork-or example, the same pers@aporteda wide range

of numbers of steps and interactauring the data collection peripbecausetimight be
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affected by his/hedifferentdaily work scheduleBy contrast, he data having averages
for steps and interactismoes not provide enough information about the impact of the
different distanceand depth. This data can only imply each particip@dverall
tendency to walk and communicate with others during the péfimgdever, with the data
coded byday and groupedby participantit is able to describ@atimate relationships
among the variablesoFinstance, the dafa capable of discovering the effect on a
participant behavior pattern of steps ancenaiction ifthat participant sitata different
workstationone dayfrom the other dayst might also point out better whether the
number of steps wouldctuallyhave an influence on the number of interactionsot
because the variables can be interpreted independEmhgfore, the dateodedby day
would fit betterwith the linear mixed model.

Furthermore, the linear mixed effect model contains random effect for the whole
regression modegsothe differencéetweerparticipants would be considered. Even
though the number of seléports of each participantere vared, the model consided
the participants as a random factor, and ttedaulatel eachparticipan® characteristics
randomly. Consequentlthe modelwas still effective even if thereas the different
number of selreports from the differentgsticipant Lastly,the model enables
comparison oh data collected from the different groups or over tiffiat data would be
called a nomested group factoHowever,becausehe participants were recruited and
the data wereollected withina singleworkplace, the data itself wasgardedas a nested
grouping factor.

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

discussed in this researc@orrelation is widely used for two quantitative variables to be
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investigated if thee is a relationship between the t{kmck, Lock, Morgan, Lock, &
Lock, 2013. The result of the analysexlicates whether the variables have a positive or
negative relationship and the degree of correlation among variabknped in the
model.An analysis of the data prav# the original hypotheses astatisticallysupported
or not Importantly, correlation does not explaiausationbutclarifiesthe relationship
between variable€orrelation coefficient (r) betweett and 1 represents strength and
direction of linear relationships among variallesck et al., 20138 If acorrelation
coefficient is positive, it means that as independent variabteass, a dependent
variable has a tendency to increase as whk.cbnverse is true if a correlation
coefficient is negativdn terms of the degree of strength of a linear relationship, the
closerthenumberis to O can be interpreted as aakeelationship; on the other hand, the
closerthenumberis to 1 can indica a strong relationship. A moderate relationship can
beexplained witha coefficient valusomewhere in the middle between 0 andile
boundaries amon@veako fimoderated andfistrong aresubjective, and in social science,
having correlations close toi§ fairly common and 1 or near 1 for the correlation
coefficient is uncommo(De Vaus, 2002

For this research, correlatiomasusedmostlyto examine the relationships
among distance, depth, steps, andrattionsCorrelation was alsased to find some
influences(but notcausainfluences)of interactions on job satisfaction, and of habitual
walking behavior and difficujtin walking on the nurner of stepsOne type oflataused
for correlationwasthe averages of the numbers of steps and interactions per day by each
participant during the data collection perié@dr examplethe total numbeof steps

reported forl0O business days was divided by the total number ofreplirts itself. If a
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participant completed and reported sevenigdbrt forms containing the information
about the number of steps, interactions, and work hours, each sggésiejas were
added together. Each seven siayork hours were added together as well. The sum of
steps thenvasdivided by seven, since he/she reported seven tragddition to this, the
number representing daily average was also divided by the naindb@ity work hoursd
averageand that number indicates hourly average vadtueasfurtherappliedto
examine correlations between the hourly averaged steps and interactions.
Interpreting correlation with the data having averagegppropriatdecause
some otthevariables are fixed values. For example, job satisfaction, habitual walking
behavior, and having difficulty in walking do not changeaataily basis. Demographic
information does not change either. These variables describe the part@paral
characteristics and opinions. Therefarerrelation should use data showing the overall
tendency of walking and communicatimith othersby person
Analysis of Variance (ANOVA) antitess were utilized tanvestigate the
different groupéeffecton the patterns of steps and interactidatess and ANOVA, as
an extension of thietest, are the methods tesass whether the relationship between
categorical independent variables and a quantitative dependent variable has statistical
significance(Paul, 200%. The difference betweemt-test and ANOVA is tha&t-test is
only able to compare up to two groups. However, ANOVA can see the differemmzef
than twogroups. For this researcai-test was used to explore the difference of gender,
since gendewasonly categorized into two different groups. ANOVAagappliedto
study theg r o uiffesedces of age, work hours, and job titles.

Based on the methodologygsented in this chaptene following chapter
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provides the finding and selts 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 throughepelfts
and the questionnaire to find the impact of interior layout in a working environment on
employeedbehavior.The first part focusesen how the variablewere definedor this
researchThe £cond pardiscusses the findings of the data analysis. By utilizing four
different statistical methods, the relationships among the variables were found. After
reviewing the overasummary of selreports and the questionnaire the participants took,
the degree and statisticagnificanceof correlation between the variables will be
discussed. In addition, the degree of impact of single and/or multiple variables on the
variables ofteps and interactions will be considered.
Measures
In order to explain the possible relationships among distance, stepaciion,
and job satisfactigrseveral variables were defin€istance and deptivereanalyzedas
the independent variableBhe number of stepsasregarded aa mediate variabl®
better explain the relation between distance and dapththe number of interactions.
The number of interactions and job satisfactiere measureds dependent variables
order to investigate possiblerelationship Since this research would be significantly
affected by theparticipans themselves, the personal and organizational factses
considered as moderate variabksjndicated by the social ecological mo@&izywacz
& Fuqua, 2000Zimring et al., 200k The strengthening or weakening of the
relationships between the independent and dependent variables can be explained with the

moderate variable§sender, ageandyears of working at theorporationwere analyzed
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as personal factors, and the work schedule based on the houesle@ack dayand job
title werecollected as organizational facsor

Furthermore, Office A can be categorizsianopenspace officebecausehe
overall partitionheights are closely similar, and no participant has his/her own private
office in this research, even though there are people having their own privateloffice
addition, Office Awasthe only office recruited for the data collectiso,comparing the
findings with other office environmendgan be done in future researdiereforethe
number of employees with private offices, which was discussed in the previous chapter as
an environmentdhctor,was not addressed in this study.
Distance

Theindependat variable(distance between destinatipmgascalculated by
analyzingthe actual distance based@floor plan Based on the previous literature,
people prefer to choose the shortest r¢8eneviratne & Morrall, 1983Veinstein
Agrawal et al., 2008 The distance, which are based on the most common destinations in
the office, was determined by a result frdaily seltreportswhich showed the places
participants frequently visit every day. On the daily-sefforts, the participants were
asked to report their destination and the palie 12 most frequent zones were found by
sorting each individué selfreport forms and examining frequency values of the ranked
places each individual visited.

For each partipant, 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 selfreport forms wa80; the maximum number of places any one participant
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visited during the data collection period was 11. In other words, each pariEipant
spectrum of the rank for frequently visited places couldased ranging from 1 to 11,
from a wholdist of 30 different destinations, with 1 as the most frequent destinaton. F
example, the range of participghtd s fregReht)destinations was sRuring two

weeks, P2 visitetherestroommost frequentlyand vending area, conference room 3 and
9, touchdown table 1, and scanning area onky tome Thereforetherestroom was the

top ranked place for®on the other handhefive least frequent destinations wef® 6
ranked places. The places P2 never visited during the data collection wereggiven
because only the places the participants did visit were considered.

To find out frequently visited places, a frequency vdlustring of decreasing
numbers from 11 to)land a string of zeros, replaced the ranks from 1 to 11 and a string
of zeroslf a place ranked as a top, 11 frequency value (the most frequent place) was
given, and if a place is ranked 5, 7 frequenalpes(the fifth frequent place) was given.
For the places assigned zero that are unranked place&exprencyalue 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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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
Conference 6
Conference 7
Conference 8
Conference 9
Conference 10
Touchdown 1
Touchdown 2

IT

Plotting

E Printer

W Printer

N Printer

S Printer

SE Printer
Marketing Printer
Scanning
Coworker's workstation

50 100 150

200

122 (7.27%)

89| (5.30%)
43 (2.56%)

44 (2.62%)
22 (1.31%)
18 (1.07%)
61 (3.63%)
9 (0.54%)
29 (1.73%)
47 (2.80%)
27 (1.61%)
39/(2.32%)
58 (3.45%)
89 (5.30%)
61 (3.63%)
47 (2.80%)
49 (2.92%)
35 (2.08%)
31 (1.85%)
29 (1.73%)
105 (6.25%)
25 (1.49%)
33 (1.97%)

4 (0.24%)

86 (5.12%)
76 (4.53%)
13 (0.77%)
41 (2.44%)

182 (10.84%)

165 (9.83%)

189 (11.26%)

Figure 7. Frequency value anatio to each destination

Note.The values in parentheses represent the ratio of the frequency value

50



Table2.1

Rank and Frequency Value of Each Participant for Each Destination

Librar: Librar: Kitchen Kitchen I Comfort uiet/focus | Conference | Conference | Conference | Conference | Conference
Lobby Restroom 1 Y 2 y 1 P) Vending Room Q Room 1 5 3 2 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 .
pa 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
Freq Value 7 11 10
P16 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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Table2.2

Rank and Frequency Value of Each Participant for Each Destination

Touch

Touch

Conference | Conference | Conference | Conference | Conference . E W N S SE Marketin .
6 7 8 9 10 dO:‘LNn do%/vn m Plotting Printer Printer Printer Printer Printer Printerg 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
Freq Value 7 7 8 7 7 9 7
P3 Rank 5 . . . 5 4 . . 5 5 3 5
Freq Value 7 5 8 9 10 5 6 11 5
P4 Rank 5 7 4 3 2 o7 6 1 7
p5 Freq Value 7 4 3 5 4 6 3 8
Rank 5 8 9 7 8 6 9 4 .
Po Freq Value 6 5 8 10 4
Rank 6 7 . . 4 2 . 8
Freq Value 7 7 8 7 9 11
P Rank 5 5 4 5 3 1 .
Freq Value 7 7 9
P8 Rank 5 . . 5 . 3 .
Freq Value 7 6 7 9 6
P9 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
Freq Value 4 5 2 2 5 6 4 2 9
Pl Rank 8 7 10 10 . 7 |l s 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
Freq Value 6 5 10 7
P14 Rank 6 . 7 2 . 5
Freq Value 5 3 9 11 4
P15 Rank 7 9 3 . 1 8
Freq Value 6 8 9
P16 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
Rark 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
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Table2.1 and2.2 show both the rank arficequencyvalue of each participant.
Figure7 shows the sum of each frequency value, and based on the figtnagnmes
kitchen, lobby, library, and plotting/printing area have high frequency value. As stated in
the reports, the 1&host frequentlyisited zones were identified as well. Plaoegth a
frequency valudigher than 4@vere used to define zones, and adpagdaces
categorized into a same zone. Fig8escribes 12 different zones in the floor plan, and
explains the zones below the plan. Therefore, the sum of each distance between the
participant workstation and the 12 different zones were used to fdeinttance for
each participant. Tablesummarizegach of thearticipan& distance used for this

research.

ione 11
Zone 1 Restroom Zone 7 SE Printer + Conference 10
Zone 2 Kitchen 1 + S Printer Zone 8 Quiet/Focus Room
Zone 3 Lobby + Scanning Zone 9 Conference 8
Zone 4 Plotting Zone 10 Conference 6
Zone 5 Library 1 + Conference 9 Zone 11 Conference 3
Zone 6 Conference 7 Zone 12 Kitchen 2 + Library 2

Figure 8. The 12 frequently visited zones in the floor plan
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Depth

Depth which isone of the constructzased on thepace syntax oy, was
established by analyzing the floor plan. Depth is closely related to path.lasgths
defined in Chapter 2, depth explamslegree or the number of spgpeople have to pass
through from one space talastination. The axial lines connect thecgsato pass
through. For example, if a person needs to follow five axial lines from his/her
workstation to a destinatiosuch as printerroom, there would be five different spaces
to pass through and the depth would be fieen the workstation to therimter room.
Because spaces are not equal in sieegteater degree of depth does not necessarily
mean that the place is farther away than a place having smaller degree.

The 12 zones (sd&gure 8), which were used to determine the distasadier
andwere the most frequently visited places in the office, were applied to find out depth as
well. Each depth between every particigantorkstation and the 12 different destination
zones in the office was analyzed, and the depth for this research was tbitsarh2
depths. Because depth is greatly dependent on axial lines, if a workstation shares the
same line witranothemwvorkstation, their depth would be sare other words, if there
are workstations on the same axial line, the depth would be ideptreal though the
workstations are not located next to each other. Figdescribes the way to measure
depth from a workstation to each destination, as an example of Partipagtre 9
shows depth from the participadtgorkstations. Tabl8 also sumtmarizes each value of

distance and depth from the each particiaworkstation.
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Figure 9. Theway tomeasuralepth from P& workstation taeachdestination
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