
Introduction
A great deal has changed in office design over the past few decades as office organiza-
tions have attempted to become more customer responsive, efficient, and agile. Many
office organizations are dividing into smaller, more mobile, less hierarchical units that
are more autonomous in their decisionmaking. More office work is now done simulta-
neously rather than sequentially. More office work is being seen as `knowledge work',
and the asset value of employees as `intellectual capital' is more commonly recognized.
Team contributions are more noticed and rewarded. Office organizations are contin-
ually seeking improvements through innovative processes and a much wider range
of workers is expected to take part in these processes (Apgar, 1998; ASID, 2001;
Becker and Sims, 2000; Bell, 2000; Brill et al, 2001; Duffy, 1998; Duffy and Tanis,
1993; Ghoshal and Bartlett, 1995; Wineman, 1986).

These changes mean that the patterns of communication that once served the office
organization have become less predictable. On one hand, the relatively limited and
hierarchical ways of communicating about work have evolved into communication
patterns in which workers need to talk to a variety of people in different functional
roles. At the same time, informal communication is increasingly recognized as a way
to create and reinforce organizational culture (Allen, 1977; Becker and Sims, 2001;
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Cross and Borgatti, 2002; Sundstrom and Altman, 1989; Wineman and Serrato, 1998).
Rather than being a distraction, informal communication is seen as a way to build
commitment, spread ideas about how `we do things around here', and as a way to share
knowledge and skills that go beyond written job requirements.

In this context, space is recognized as an organizational resource. Whether the
intention is to reinforce the already existing patterns of informal communication,
or to create new patterns, many new innovative offices capitalize on unplanned, face-
to-face interaction traditionally associated with space. These new innovative offices
generally consist of small, individual workspaces in order to push interaction out
into public or semipublic territories. They are also made highly interconnected with
increased visibility, openness, and accessibility in order to boost chance encounters
which lead to meaningful interactions. Additionally, these offices also provide public
and/or semipublic territories with a wide variety of features, such as kitchens, stocked
refrigerators, central service hubs, recreational facilities, comfortable furniture, and
attractive lounge-like spaces. A recent publication of the Office of the Government-
wide Policy of the General Services Administration of the US Government provides
several examples of such innovative offices (OGP, 2002).

There is a large body of research literature to justify why some of the design
strategies used in new innovative offices may indeed enhance interaction and collabo-
ration (for example, Allen, 1970; Becker et al, 1983; Bobele and Buchanan, 1979; Brookes
and Kaplan, 1972; Campbell and Campbell, 1988; Davis, 1984; Farrenkopf and Roth,
1980; Goodrich, 1982; Hatch, 1987; Keller and Holland, 1983; Leibson, 1981; Oldham,
1988; Oldham and Brass, 1979; Oldham and Fried, 1987; Oldham and Rotchford, 1983;
Sommer, 1967a; 1967b; Steinzor, 1950). However, the existing literature has many short-
comings. First, it focuses more on the local visible or observable physical properties
than on the global invisible or structural properties of the environment.

Second, the literature does not offer consistent models linking face-to-face inter-
action and communication to the physical environment of offices. These models are
often based on context-specific physical attributes that are rarely similar in any two
offices. As a result, they are rarely useful for conducting any comparative studies of offices.

Third, the literature generally assumes that the physical characteristics of some-
thing like an open-plan office are obvious. In fact, not only is it difficult to define
rigorously the nature of an open-plan layout, it is also difficult to find a pure
example of the open-plan office layout. In most cases, it is a function of openness,
accessibility, and visibility, for which no one valid measure has yet been devised.

Fourth, the literature generally does not describe the physical attributes in relation
to the structure of office layout. As a result, it fails to recognize many important facts.
For example, corner offices in different layouts may hold very different interaction and
communication potentials. With the exception of office studies that use space-syntax
theories and techniques, the literature also does not recognize the fact that office
layout is important for face-to-face interaction and communication in its own right.
[See below for a basic introduction to the theories and techniques of space syntax.
For additional details, see Hillier and Hanson (1984) and Hillier (1996).]

Studies presented in the space-syntax literature show that spatial layout plays a
powerful role in the communication patterns within offices (Penn et al, 1997); that
patterns of space use and movement generated by spatial configuration have a direct
impact on the frequency of reported encounters within offices (Penn et al, 1997); that
spatial interconnectedness is a main factor affecting observed levels of interaction and
eagerness to travel for interaction in offices (Grajewski, 1992; Hillier and Grajewski,
1987); that spatial interconnectedness is related to the degree to which people in one
area may find people in other areas useful in their own work (Hillier and Penn, 1991);
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and that spatial layout either can reinforce the separation of knowledge areas or
can create a `generative' spatial system (Hillier and Penn, 1991; 1992). However, a
comprehensive model that brings together different layout attributes and behaviors to
the understanding of spatial effects on face-to-face interaction is still missing in the
space-syntax literature. Therefore, we begin with such a model.

The workplace-interaction model (figure 1) is an attempt to describe the relation-
ships among space, behaviors, and organizational outcomes. The spatial attributes
included in the model are visibility, accessibility, and openness. Among behaviors, there
are movement (defined as the number of people moving along a path of observation);
visible copresence (defined as the number of people visible from a path of observation); and
face-to-face interaction (defined as the number of people engaged in any reciprocal
exchanges involving two or more people along a path of observation and in the spaces
along it). An operational definition of each of these behaviors is provided below.

In the model it is assumed that layout attributes may have direct as well as indirect
effects on face-to-face interaction. For example, an easily accessible and visible com-
mon area may have direct positive effects on face-to-face interaction; a highly
connected layout may have indirect positive effects on face-to-face interaction by
facilitating movement; an open-plan office may have indirect positive effects on face-
to-face interaction by increasing visible copresence; and so on. However, as the model
shows, any direct and indirect relationships between layout and face-to-face interaction
in an office can always be impacted by organizational culture and behavior. For
example, an easily accessible and visible common area may fail to have any positive
effects on face-to-face interaction in an organization that discourages interaction.

The model also shows that the assumed relationships between space and face-to-
face interaction are important, because any increase in interactions may affect,
depending on a particular organization, any or all of the following organizational
outcomes: a more even spread of information, improved coordination, group forma-
tion, improved organizational agility, innovation, reduced time to market, reduced
process redundancy, and greater organizational efficiency.

Methodology
The study reported here focused on linking spatial layout to face-to-face inter-
action. The impact of increased interaction on organizational outcomes was outside its
scope. The study was done in three stages. In the first stage, the visibility, accessibility,
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Figure 1. The workplace-interaction model.
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and interconnectedness of an office layout were analyzed using the techniques of the axial
map analysis of space syntax. The `Spatialist' software, developed at Georgia Tech, was
used for this purpose (Peponis et al, 1997; 1998a; 1998b). The axial map of a layout is a set
of the minimum number of longest straight lines needed to cover every space and to
complete every circulation ring in the layout without crossing and physical objects
(figure 2). In the literature each of these straight lines is known as an axial line, and the
complete set of lines covering the layout as an axial map. An axial map provides a rigorous
way to describe how we see and move in a layout. An axial representation is important,
because in a given space individuals often prefer to move along a straight line as
represented by an axial line, unless there is a reason not to do so. Additionally, the way
individuals move in a space is very often defined by the number of choices available from a
line of movement as represented by the number of intersections an axial line has with
other axial lines.

Two important descriptors of the structure of an axial map are connectivity and
integration. The connectivity value of an axial line is the number of axial lines directly
connected to the line. This local property of an axial line is interesting because it
describes the degree of choice present on the line: the higher the connectivity of an
axial line, the greater is the number of choices of movement from the line.

The integration value, on the other hand, is a global property describing the degree
of connectedness of an axial line to all other axial lines of an axial map: the higher
the integration value of an axial line, the easier it is to get to the line from all other lines.
The importance of the descriptor is intuitively clear. For example, an easily accessible
common area needs to be located on an axial line with a high integration value;
a private office needs to be located on an axial line with a low integration value; etc.

For the integration value, the software first computes the depth value, a graph-
theoretic measure, of each axial line, through the use of the connectivity matrix of the
axial map. In space syntax the depth of an axial line is a function of the number of
steps needed to go from the given axial line to all other axial lines in a map. The
process is explained in figure 3. Using depth values, the software then computes the
integration values of the lines, which are inversely related to the depth values: a line
with a high depth value will have a low integration value. The integration value is also
normalized on the basis of the number of axial lines in a map, which allows us to
compare the interconnectedness of axial maps with an unequal number of lines. In the
last step the software colors the lines according to their integration values. However,
the axial map of figure 3 and the other axial maps in this paper have the distribution

Figure 2. An office layout with its axial map.
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Figure 3. The techniques of the axial map analysis. (a) An axial map with the distribution of the
integration value shown using line thickness: the thick lines are more integrated than the thin
lines. (b) The justified graph of axial line 1 with a high integration value shows that in order to
get to any axial line of the map from this line only two steps are needed. (c) The justified graph
of axial line 18 with a low integration value shows that in order to get to any axial line of the map
from this line at least four steps are needed.
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of the integration value denoted through line thickness. In these maps, the thick lines
are more integrated than the thin lines.

In addition to the integration and connectivity values, the number and the length
of axial lines, representing the directions and reach of the visual field of a space, were
also used in this study to describe the degree of local access and control.

In the second stage of the study, we collected organizational and behavioral data
though informal interviews and systematic behavioral observations. We informally
interviewed leaderships and senior level managers of each office to understand
organizational goals in terms of spatial layout.

We observed three different behaviors along a predetermined route covering differ-
ent types of spaces (that is, spaces with different functions and integration values) in
each office. The route was composed of several linear segments of the axial map of an
office layout [figure 4(a)]. A field observer observed the following three behaviors
at each office as she walked along the path at a regular pace.

(a)

(b) (c) (d)

Figure 4. The behavioral observation techniques used in the study. (a) A route for behavioral
observations in an office. (b) Movement is the number of people moving within an imagined
band of space along an observation route. This band of space does not include any part of
workspaces. (c) Face-to-face interaction is the number of people seen engaged in face-to-face
interactions in the imagined band of space along a route segment as well as in the workspaces
directly connected to the space. (d) Visible copresence is the number of people located within the
visual field of a route segment drawn at the eyelevel of an average person.
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(1) Movement (defined as the number of people moving on any segment of the route).
In this case the observer was instructed to record anyone moving within an imagined
band of space along her path. This band of space did not include any part of a
workspace [figure 4(b)].
(2) Face-to-face interaction (defined as the number of people seen engaged in face-to-
face interactions on a route segment as well as in the workspaces along the segment).
In this case the observer was instructed to record any interaction involving two or
more people not only within an imagined band of space along her path but also within
the workspaces directly connected to this band of space [figure 4(c)].
(3) Visible copresence (defined as the number of people, active and/or inactive, visible
from any segment of the route). In this case the observer was instructed to record the
total number of people located within the visual field drawn from a route segment at
the eyelevel of an average person [figure 4(d)].
For recording purposes, we used the up-to-date layout of an office with the route drawn
on it. In total, 20 ^ 30 rounds of observations were made along any given route during
different times of a workday over a period of three days. The data were then manually
entered into a spreadsheet for further analysis.

In the last stage of the study we analyzed the relationships between the spatial and
behavioral data through the use of statistical techniques. For analysis purposes, we
normalized the observation data for 100 ft-long segments in order to remove the differ-
ential effects of the length of route segments on movement, face-to-face interaction,
and visible copresence.

Case studies
Our case studies included four US federal offices, three of which were designed
recently. Three of the offices are similar real-estate organizations of the US federal
government; the fourth is a clerk of court's office of a US District Court. According
to our informal interviews with the organizational leaders of these offices, improv-
ing collaboration and communication through interaction had been a particularly
important goal at all four offices. The majority of the workers in these offices are
professionals. Besides professionals, there are large groups of administrative staff and
mid-level managers in each office. Among the smaller groups there are senior and low-
level managers and trainees. In general, there was an even mix of men and women in
each office.

Our first case study, office A, is a public real-estate organization that has several
divisions [figure 5(a), over]. (The organization has now moved into new quarters.) Each
of these divisions performs different functions, and each has several groups working on
different projects. The nature of communications varies with the type of work a group
performs. Diversity of functions also precludes any simple generalization about the
nature and pace of work groups. This diversity is reflected in the physical boundaries
and grouping within the office. Divisions have somewhat defined territories, but no
territorial definitions exist for the smaller groups within the divisions. Apparently, the
location of a division is based on its relationships with the leadership, rather than on
its functional relationships with the other divisions. It is possible that the current
practices of the organization at the time of our study did not require frequent
exchanges between its divisions. However, according to the leadership of the organiza-
tion, group activities within a division were encouraged. Consequently, we expected
behavioral patterns in the office to be affected more by the local structural and
functional dynamics.

Our second case study, office B, is a new portfolio-management division of another
public real-estate organization [figure 5(b)]. There are several large working groups in
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the division. The composition, size, and functions of each group vary. The group
structures and functions of the division do not lend themselves to any consistent
behavioral expectation at the local level. As a result, any observed consistency in
behavior may be a consequence of the spatial properties of the office, among other
things. In addition, though the larger groups of the division have well-defined territories,
no such territorial definitions exist for the teams within the groups. Furthermore, the

(a)

(b)

Figure 5. Office layouts: (a) office A, (b) office B, (c) office C, (d) office D.
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functional relationships between the groups are not always explicit in the way they are
laid out. Because the functions of each group are widely different, the leadership of the
organization desires to enhance collaboration through the use of design.

Our third case study, office C, is the realty-services division of the same public real-
estate organization [figure 5(c)]. In the division, there are three main groups, each
composed of several teams. Each team is responsible for the planning and scheduling
of its own work. Each team performs similar work independently and is not function-
ally dependent on another team. Though there is a lot of communication among the
members of a team, only formal communications at regular intervals among several

(c)

(d)

Figure 5 (continued).
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teams are required. The three main groups of office C have well-defined territories, but
the teams within each group do not have defined territories. The location of a territory
is based on its functional relationships with the directors, as well as with the other
groups. Even though the structural and functional logic of the division does not impose
any immediate behavioral restrictions, predictable behavioral patterns may still exist
between adjacent functionally related territorialities. The leadership of the organization
recognizes the importance of interactions between individuals and groups in achieving
organizational goals, and believes that the layout is capable of meeting the existing as
well as the emerging interaction requirements.

Our fourth case study, office D, is the new clerk's office of a US District Court
[figure 5(d)]. The functions of the office are diverse. Likewise, the divisions of labor are
numerous. There are several small groups in the office. Members of some of these
groups have different roles and functions requiring intense interaction and physical
proximity. Members of the other groups have similar roles, but require very little to no
interaction among themselves or with others. As a result, behavioral patterns vary
from one group to another. The office is divided into several group territories. The
location of a group territory is based on the strength of its perceived relationships with
the other groups. Consequently, as with office C, some predictable behavioral patterns
may exist between adjacent functionally related territoriality. Despite group or team
differences, the current leadership recognizes that collaboration among individuals and
groups is important for the success of the organization. It also acknowledges the fact
that a collaborative environment must provide facilities to enhance and encourage
formal as well as informal interactions between workers.

Axial-map analyses of the office layouts
Figures 6(a) ^ 6(d) are the axial maps of our four office layouts with the distribution of
the integration value denoted by line thickness: the thick lines are more integrated than
the thin lines. We present our findings in brief, because they were reported elaborately
in another publication (Rashid and Zimring, 2003).We started the analysis by compar-
ing the number of axial lines per workspace in these offices. We hypothesized that an
office requiring more interaction at the local level would have less axial lines per
workspace, because this would allow workers to change direction fewer times to go
from one workspace to another. We believe that our findings support the hypothesis
weakly: though the organizations requiring more interaction (for example, office C)
have fewer axial lines per workspace than the ones requiring less interaction (for
example, office B), the differences are small in some cases (table 1). Additional studies
are needed to determine the lower bounds of substantive differences in the number of
axial lines per workspace that would have significant impacts on interaction.

We also compared the length of axial lines per workspace in these layouts. Because
the length of axial line is related to travel distance, we hypothesized that organizations
requiring more interaction at the local level would have a shorter length of axial lines
per workspace, to reduce travel distance among individuals. This hypothesis is also
related to Allen's (1970) research, which shows that the likelihood that any two people
will communicate drops off dramatically as the distance between their desks increases.
Again, we believe that our findings support the hypothesis weakly: though the length of
axial lines per workspace is shorter in the organizations requiring more interaction (such
as office C) than in those requiring less interaction (such as office B), the differences
are small in some cases (table 1). Again, additional studies are needed to determine the
lower bounds of substantive differences in the length of axial lines per workspace that
would have significant impacts on interaction.
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(a)

(b)

(c)

(d)

Figure 6. Axial maps: (a) office A, (b) office B, (c) office C, (d) office D.
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We also hypothesized that an office requiring more interaction amongst all
individuals and/or groups at the global level would need a well-connected spatial
network allowing anybody to go anywhere easily. Our findings confirm the hypothesis:
the organizations requiring more overall interaction among all individuals and groups,
not just among neighboring groups and individuals, have higher mean integration
valuesöthat is, highly interconnected axial structures (compare office C, which has a
mean integration value of 0.92, with office B, which has a mean integration value of
1.60, in table 1).

Additionally, we hypothesized that an office requiring more interactions would
have its public spaces more easily accessible. We used the mean integration value of
different categories of functional spaces to determine the accessibility of these spaces in
our offices. According to our findings, in general, public spaces are located along more
integrated lines, whereas private spaces are located along less integrated lines (table 2).
This makes sense because axial lines with lower integration values are physically and
visually less accessible within a layout.

It should also be noted here that, except in one case (office C), there are very strong
correlations between the local and global spatial variables of the office layouts
(table 3). The finding suggests that for these offices it is possible to make reasonable
judgments about the global pattern of spatial interconnectedness of a layout on the
basis of the local connectivity of a line. In simple terms, each of these office layouts has
an intelligible structure, where the intelligibility of a structure can be defined by the
strength of correlations between the local and global spatial variables of the structure:
the stronger the correlation, the better the intelligibility.

Table 1. Summary of the spatial properties of the office layouts.

Office A Office B Office C Office D

Total workspaces 244 60 76 92
Total axial lines 253 70 80 127
Axial lines per workspace 1.04 1.17 1.05 1.38
Sum of the lengths of all axial lines (ft) 8449.00 2693.35 2814.93 5653.89
Length of axial lines per workspace (ft) 34.62 44.89 37.03 61.45
Mean connectivity 3.51 3.03 3.00 3.42
Mean integration 1.24 1.60 0.92 1.44
Mean length of axial lines (ft) 33.39 38.48 35.20 44.52

Table 2. Rank order of different categories of spaces of the office layouts based on the spatial
properties of the axial map. Values in parentheses are mean integrations.

Office Rank order

1 2 3 4

A CIR (1.442) COM (1.376) D&M (1.199) WS (1.189)
B CIR (2.170) COM (1.621) WS (1.403) D&M (1.345)
C CIR (1.058) COM (0.929) WS (0.896) D&M (0.748)
D CIR (1.897) M&S (1.665) COM (1.477) WS (1.327)

Note: CIR � circulation, COM � common areas/facilities, D&M � directors and managers,
M&S � managers and supervisors, WS � workstations.
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In sum, our analysis shows that the spatial layouts of our four offices are
well defined in relation to some very important aspects of organizational function
and culture. They provide sufficient differentiation in terms of accessibility and visibility
to accommodate different groups and functional types. They also reflect organizational
hierarchy, which is likely to foster orderliness in the office environments. More impor-
tantly, the spatial structure of each layout, as described using space syntax, reflects the
interaction goals of an organization it accommodates.

Descriptive analyses of the observation data
Figures 7(a) ^ (d) (over) show the routes of observation in these offices. According to
our field observations, in all four offices the occupancy rate of workspaces (that is,
the number of occupied workspaces expressed as a percentage of the total number
of workspaces) is quite high, but the attendance rate (that is, the average number of
workers present in an office expressed as a percentage of the number of occupied work-
spaces) is low (table 4, over). In other words, despite organizational differences, the
observed similarities of the occupancy and attendance rates of our offices suggest that
some generalization of our field observations may be possible.

The observed face-to-face interactions in these offices show similarities and
dissimilarities (table 5, over). According to our data, the majority of interactions
occur in individual workspaces of all four offices. Previous studies report similar
findings (Brill et al, 2001; Serrato and Wineman, 1997; 1999). Interactions in individ-
ual spaces occur despite the fact that three of our four offices are newly designed as
collaborative work environments in order to encourage interactions outside individual
workspaces. In each of these new offices, individuals have much smaller offices than
they had previously. In addition, these new offices also have generous corridors,
common areas, and teamwork areas.

The offices show considerable differences in the other locations of interaction away
from individual workstations, thus defining different spatial cultures of interaction of
the organizations. At least three different interaction cultures are evident in our four
offices. Office A has a workspace culture, because there is no other important inter-
action locus in this office apart from individual workspaces. Office B and office C have
a corridor culture, because, in addition to individual workspaces, corridors also act as
an important interaction locus in these offices. About 21.22% and 22.14% of all
observed interactions occur in the corridors of office B and office C, respectively.
Office D has a common-area culture, because, in addition to individual workspaces,
common areas act as an important interaction locus in the office. About 22.15% of
all observed interactions, both formal and informal, occur in the common areas
of office D (table 5).

Table 3. Correlations between different spatial variables of the office layouts.

Office A Office B Office C Office D

Integration and connectivity 0.699 0.777 0.240 0.902
Integration and length 0.732 0.640 0.341 0.838
Length and connectivity 0.791 0.875 0.943 0.942

Note: all correlations are significant.
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(a)

(b)

Figure 7. Observation routes: (a) office A, (b) office B, (c) office C, (d) office D.
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(c)

(d)

Figure 7 (continued).

Table 4.Workspace and population data of the offices.

Office Total number Occupancy rate (as percentage Attendance rate (as percentage
of workspaces of the total number of of the number of occupied

workspaces) spaces)

A 195 174 (89.23) 104.5 (60.05)
B 60 58 (96.67) 31 (53.44)
C 75 69 (92.00) 38.16 (55.30)
D 88 71 (80.68) 48 (67.61)
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Statistical analyses of the behavior and space-syntax data
According to our statistical analyses, there are very weak to very strong positive
correlations between movement and interaction in our offices (table 6). The results
suggest that the relationship between movement and interaction is inconsistent in these
offices, and that in some cases organizational needs may be an important driver of
interaction.

In contrast, there is a very strong correlation between copresence and interaction in
each of the four offices. Even though the correlations between copresence and inter-
action are slightly reduced when accounting for movement, this mediating effect is not
strong (table 6). In other words, copresence has predictable effects on interaction
regardless of movement in these office spaces.

The previous space-syntax work showed positive correlations between movement
and integration in urban settings (Hillier et al, 1993; Peponis et al, 1989). Accordingly,
strong correlations between the integration value, the connectivity value, and the length
of axial lines in a setting may suggest that some good correlations may also exist
between the connectivity value, the length of axial lines, and movement. The findings
of our study support the previous work. The spatial variables showed weak-to-strong
positive correlations to movement (table 7). In simple words, in these offices spatial
layout had predictable positive effects on movement.

In our offices the spatial variables generally showed negative and very weak
correlations with interaction and copresence (table 7). According to these findings,
people were engaged in fewer interactions in spaces, and were less visible from spaces
with higher integration values, connectivity values, and longer axial lines. It is as if

Table 5. Interactions in the offices. Values in parentheses refer to percentages.

Office Interactions at different locations All locations

individual designated corridors common and/or
along the route

workspaces areas and/or service areas
meeting rooms

A 109 (80.74) 15 (11.11) 7 (5.18) 4 (2.96) 135 (100.00)
B 60 (75.00) 0 (0.0) 17 (21.25) 3 (3.75) 80 (10.00)
C 77 (5.00) 13 (9.28) 31 (22.14) 19 (13.58) 140 (100.00)
D 99 (66.44) 5 (3.35) 12 (8.05) 33 (22.15) 149 (100.00)

Table 6. The effects of movement and copresence on face-to-face interaction in the offices.Values
in parentheses are p-values.

Office A Office B Office C Office D

Movement and interaction
Correlation 0.132 (0.4656) 0.144 (0.672) 0.839 (<0.0001) 0.501 (0.1166)
Partial correlation with ÿ0.061 ÿ0.011 0.498 0.365

respect to copresence

Copresence and interaction
Correlation 0.904 (<0.0001) 0.861 (0.0007) 0.889 (<0.0001) 0.741 (0.009)
Partial correlation with 0.902 0.858 0.682 0.692

respect to movement

Copresence and movement
Correlation 0.174 (0.3333) 0.174 (0.609) 0.785 (0.0005) 0.369 (0.2647)
Partial correlation with 0.130 0.099 0.158 ÿ0.005

respect to interaction
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they avoided interacting with others in spaces and being seen with others from spaces
with more visibility and accessibility, even though each of our organizations ostensibly
encouraged interactions in public spaces.

Discussion
In most previous research work on the relationships between office design and behavior,
the mechanisms for linking office design to face-to-face interaction remained unclear.
In particular, with a few notable exceptions, much behavioral research of the office
environment also appears to have left out an important factor: the overall layout of the
office. In this paper we have reported a study in which we used space-syntax theories
and methods to address questions of how patterns of overall layout affect movement,
visible copresence, and face-to-face interactions in offices. Space syntax is interesting
because it allows us to describe the generic properties of spatial layouts in a rigorous
way.

Another limitation of the previous work on interaction and communication in the
office environment has been that the set of environmental variables used in these
studies was context dependent. For example, variables used for describing open-plan
offices were often different from those used for describing cellular plans. As a result,
it was difficult to perform a comparative study of widely different office offices. Space
syntax eliminates the problem, because its methods of description using an axial map
can be used to study any physical setting without ambiguity.

It is also necessary to note here that there is a significant lack of studies involving
movement, visible copresence, face-to-face interaction, and layout attributes. Until
now, there has been no consistent technique for observing these behaviors. As a result,
researchers have been unable to investigate the relationships among these behaviors
and layout attributes in different settings. Thus the mediating effect of any one of these
behaviors on the relationships between the other two behaviors remained unnoticed.
In this regard, we have presented a methodological innovation. We showed how these
behaviors can be consistently and simultaneously observed by taking axial segments as
units of behavioral observation.

This study of four offices, each wanting to increase organizational performance
through increased interaction (that is, communication), reveals several interesting aspects.
According to our space-syntax analyses, these offices were laid out to meet different
organizational needs, including the needs for increasing face-to-face interactions.

Table 7. Correlations between spatial variables and observed behaviors in the offices. Values in
parentheses are p-values.

Office A Office B Office C Office D

Integration and movement 0.325 (0.064) 0.769 (0.006) 0.393 (0.148) 0.412 (0.208)
Connectivity and 0.222 (0.215) 0.643 (0.327) 0.125 (0.658) 0.618 (0.043)

movement
Length and movement 0.235 (0.189) 0.531 (0.931) 0.226 (0.418) 0.663 (0.026)

Integration and interaction ÿ0.252 (0.157) ÿ0.131 (0.701) 0.188 (0.503) ÿ0.273 (0.417)
Connectivity and ÿ0.221 (0.217) ÿ0.078 (0.820) ÿ0.053 (0.850) ÿ0.058 (0.865)

interaction
Length and interaction ÿ0.130 (0.471) ÿ0.289 (0.389) 0.051 (0.856) 0.025 (0.942)

Integration and copresence ÿ0.182 (0.310) ÿ0.112 (0.743) 0.186 (0.506) ÿ0.554 (0.077)
Connectivity and ÿ0.163 (0.363) 0.041 (0.905) 0.146 (0.604) ÿ0.395 (0.230)

copresence
Length and copresence ÿ0.132 (0.464) ÿ0.313 (0.348) 0.248 (0.374) ÿ0.240 (0.477)
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However, according to our behavioral analyses, despite good design intentions, face-to-face
interactions did not occur in a predictable manner.

The behavioral observations showed that, in these offices, most interactions
occurred in individual workspaces, despite the fact that the organizations encouraged
interactions in public spaces and provided ample public and semipublic spaces
for interactions. The fact that people prefer to interact in individual workspaces when
other choices are available in semipublic and public territories may point to the
importance of social and cultural dimensions of interaction. In this context, the idea
of the spatial culture of interaction, which is presented in this paper, may be important.
It shows that different organizations require different locations for interactions besides
individual workspaces, and that the factors that drive people to prefer individual
spaces for face-to-face interaction must be considered both in the design of space
and in the design of concomitant organizational processes and cultural norms. Design-
ers can promote the spatial culture of interaction of an organization by investing in the
right kind of spaces, or they can destroy it by investing in the wrong kind of spaces.

Another important finding of the study was that the relationships between visible
copresence and face-to-face interaction were significantly consistent in all four offices,
and the effects of movement on these relationships were negligible. This finding is
important because it suggests that visible copresence may be important for face-to-
face interaction in an office, and that an office with more visible copresence may result
in more face-to-face interactions regardless of movement. The fact that visibility of
people is an important factor in interaction has been observed by other researchers as
well. For example, Hall (1966) reports that, when two workers face each other, eye
contact and conversation are likely to increase. Parsons (1976) reports that a worker is
more likely to walk over and talk with another worker if she can see the worker from
her position. However, until now the effect of movement on the relationship between
visible copresence and face-to-face interaction in offices remained unknown.

Finally, we must point out the importance of organizational programs in defining
the relationships between spatial layout and face-to-face interaction. According to our
findings, in all four offices studied, there were no consistent relationships between the
spatial variables and interactions (table 7). One limitation of the research was that we
did not study whether the lack of correlation between spatial layout and face-to-face
interaction represented resistance by staff to the new officing strategies, or whether
management had not adequately altered the organizational culture that limited the
flow of ideas and collaboration. If a manager had used increased visibility in a new
office to increase visual control, it would be natural to assume that workers would
avoid face-to-face interaction in visible group spaces, though such interaction might
serve valuable organizational purposes. Our study would suggest that spatial layout on
its own might be insufficient to generate, sustain, and increase interaction without the
necessary changes in the attitudes, programs, and policies of an organization.
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Campbell D E, Campbell T A, 1988, `À new look at informal communication: the role of the

physical environment'' Environment and Behavior 2 211 ^ 226
Cross R, Borgatti S P, 2002, `̀ Making invisible work visible: using social network analysis to

support strategic collaboration'' California Management Review 44 25 ^ 46
DavisT MR, 1984, `̀ The influence of the physical environment in offices''Academy ofManagement

Review 9 271 ^ 283
Duffy F, 1998 Design for Change: The Architecture of DEGW (Watermark, Boston, MA)
Duffy F, Tanis J, 1993, `̀A vision of the new workplace'' Industrial Development Section 1 427 ^ 432
Farrenkopf T, Roth V, 1980, `̀ The university faculty office as an environment'' Environment and

Behavior 12 467 ^ 477
Ghoshal S, Bartlett C A, 1995, `̀ Changing the role of top management: beyond structure to

processes''Harvard Business Review 73 86 ^ 96
Goodrich R, 1982, `̀ Seven office evaluations: a review'' Environment and Behavior 14 353 ^ 378
Grajewski T, 1992 Interaction in theWork Environment unpublished PhD thesis, University College

London, London
Hall E, 1966 The Hidden Dimension (Doubleday, New York)
Hatch M J, 1987, `̀ Physical barriers, task characteristics, and interaction activity in research and

development firms''Administrative Science Quarterly 32 387 ^ 399
Hillier B, 1996 Space is the Machine (Cambridge University Press, Cambridge)
Hillier B, Grajewski T, 1987 The Application of Space Syntax toWork Environment Inside

Buildings final report, Unit for Architectural Studies, University College London, London
Hillier B, Hanson J, 1984 The Social Logic of Space (Cambridge University Press, Cambridge)
Hillier B, Penn A, 1991, `Visible colleges: structure and randomness in the place of discovery''

Science in Context 4 23 ^ 49
Hillier B, Penn A, 1992, `̀ The social potential of buildings: space and the innovative milieu in

scientific research laboratories'', in Proceedings of the Corporate Space and Architecture
Conference, Paris available from the Bartlett School of Graduate Studies, University College
London, London

Hillier B, Penn A, Hanson J, Grajewski T, Xu J, 1993, `̀ Natural movement: or, configuration
and attraction in urban pedestrian movement'' Environment and Planning B: Planning and
Design 20 29 ^ 66

Keller R T, Holland W E, 1983, `Communicators and innovators in research and development
organizations''Academy of Management Journal 26 742 ^ 749

Leibson D E, 1981, `̀ How corning designed a `talking' building to spur productivity'' Management
Review 70 8 ^ 13

OGP, 2002, `̀ The integrated workplace: a comprehensive approach to developing workspace'',
Office of Governmentwide Policy, Office of Real Property, US General Services Administration,
Washington, DC

Oldham G R, 1988, `̀ Effects of changes in workspace partitions and spatial density on employee
reactions: a quasi-experiment'' Journal of Applied Psychology 73 253 ^ 258

Oldham G R, Brass D J, 1979, `̀ Employee reactions to an open-plan office: a naturally occurring
quasi-experiment''Administrative Science Quarterly 24 267 ^ 284

Oldham G R, Fried Y, 1987, `̀ Employee reactions to workplace characteristics'' Journal of Applied
Psychology 72 75 ^ 80

Spatial layout in offices 843



Oldham G R, Rotchford N L, 1983, `̀ Relationship between office characteristics and employee
reactions: a study of the physical environment''Administrative Science Quarterly 28 542 ^ 556

Parsons H M, 1976, `̀ Work environments'', in Human Behavior and Environment: Advances in
Theory and Research,Volume 1 Eds I Altman, J F Wohlwill (Plenum, NewYork) 163 ^ 209

Penn A, Desyllas J,Vaughan L, 1997, `̀ The space of innovation'', in Proceedings of the Space
Syntax First International Symposium Space Syntax Laboratory, University College London,
London, volume 1, pp 12.1 ^ 12.24

Peponis J, Hanjinikolaou E, Livieratos C, Fatouros D A, 1989, `̀ The spatial core of urban culture''
Ekistics number 334 ^ 335, 43 ^ 55

Peponis J,Wineman J, Rashid M, Kim S H, Bafna S, 1997, `̀ On the description of shape and spatial
configuration inside buildings: convex partitions and their local properties'' Environment and
Planning B: Planning and Design 24 761 ^ 781

Peponis J,Wineman J, Rashid M, Bafna S, Kim S H, 1998a, `̀ Describing plan configuration
according to the covisibility of surfaces'' Environment and Planning B: Planning and Design
25 693 ^ 708

Peponis J,Wineman J, Bafna S, Rashid M, Kim S H, 1998b, `̀ On the generation of linear
representations of spatial configuration'' Environment and Planning B: Planning and Design
25 559 ^ 576

Rashid M, Zimring C, 2003, `̀ Organizational constructs and the structure of space'', in Proceedings
of the Space Syntax SymposiumUniversity College London, London, available from the authors

Serrato M,Wineman J D, 1997, ``Enhancing communication in lab-based organizations'', in
Proceedings of the Space Syntax Symposium University College London, London, volume 1,
pp 15.1 ^ 15.8

SerratoM,Wineman J D,1999, `̀ Spatial and communication patterns in research and development'',
in Proceedings of the Space Syntax Symposium University of Brasilia, Brasilia, volume 1,
pp 11.1 ^ 11.8

Sommer R, 1967a, `̀ Small group ecology'' Psychological Bulletin 67 145 ^ 152
Sommer R, 1967b, `̀ Sociofugal space''American Journal of Psychology 72 654 ^ 659
Steinzor B, 1950, `̀ The spatial factors in face to face discussion groups'' Journal of Abnormal and

Social Psychology 45 552 ^ 555
Sundstrom E, Altman L, 1989, `̀ Physical environments and work-group effectiveness''Research

in Organizational Behavior 11 175 ^ 209
Wineman J D, 1986 Behavioral Issues in Office Design (Van Nostrand Reinhold, NewYork)
Wineman JD, SerratoM,1998, `̀ Facility design for high-performance teams''SupportingWorkTeam

Effectiveness: Best Management Practices for Fostering High Performance Ed. Eric Sundstrom
(Jossey-Bass, San Francisco, CA) pp 271 ^ 298

ß 2006 a Pion publication printed in Great Britain

844 M Rashid, K Kampschroer, J Wineman, C Zimring



Conditions of use. This article may be downloaded from the E&P website for personal research
by members of subscribing organisations. This PDF may not be placed on any website (or other
online distribution system) without permission of the publisher.


	Abstract
	Introduction
	Methodology
	Case studies
	Axial-map analyses of the office layouts
	Descriptive analyses of the observation data
	Statistical analyses of the behavior and space-syntax data
	Discussion
	Acknowledgements
	References
	CrossRef-enabled references


