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ISOVIST CONNECTIVITY 

Measuring the potential for concurrent targeted surveillance and general awareness 
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ABSTRACT 
A key functional requirement of workers in restrictive settings is to keep particular areas under active 
surveillance while maintaining awareness of the setting as a whole.  The Intensive Care Unit (ICU) is one 
such case where this property is of critical interest; when outside of the patient room, nurses in ICUs are 
strongly inclined to position themselves in areas from which they can keep their patients under observation. 
However, it is also important for them to maintain a general awareness of the activities on the entire floor, 
whether to attend to any developing emergency, be available to assist others, or to know where to seek help 
if needed.  Physicians and Advanced Practice Providers have similar tendencies, but with an inverse focus; 
the emphasis is often maintaining awareness of the entire setting.  To date, no measure has been developed 
within the space syntax research program to quantify this novel syntactic property – the potential of a space 
for concurrent targeted surveillance and general awareness.  

This paper details the conceptual framework underlying this property and discusses the development of 
proposed spatial variable - isovist connectivity (IC). A combination of isovist and visibility graph theory, the 
IC of a given vantage point is the area of the visual polygon that is visible from anywhere within the isovist 
of the point.  This can be implemented in Depthmap with a discrete set of vantage points laid out in a uniform 
square grid.  As compared with the original definition of the isovist, IC is concerned with the set of points 
that can see the vantage point, rather than the set of points visible from the target. We show how IC values 
can be computed in the case of an ICU to characterize an important syntactical quality of not just the patient 
room, but the specific location of the patient within the floor plan.  We also present some summary results to 
show that in ICUs, this syntactical quality is so profound as to directly predict patient safety as measured by 
mortality. 
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1. INTRODUCTION
“Can we avoid by any structural arrangements such excess of mortality?  This is the great question to be 
decided by hospital architects.”   

“There should be facility of superintendence and nursing.  The wards should be of such a size, and, if 
possible, so arranged, that the head nurse may have all her sick under her eye at once.”   

~Florence Nightingale, Notes on Hospitals, 1863 
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A key functional requirement of workers in restrictive settings is to keep particular areas under active 
surveillance while maintaining awareness of the setting as a whole.  The Intensive Care Unit (ICU) is one 
such case where this property is of critical interest, and it is reflected in the Society of Critical Care Medicine 
(SCCM) design guidelines for observation of individual patients1: “each patient’s face and body position 
should be easily seen from the main ICU corridor” (p.1591) or from the nurse or team station (Thompson et 
al., 2012).  When outside of the patient room, nurses in ICUs are strongly inclined to position themselves in 
areas from which they can keep their patients under observation.  However, it is also important for them to 
maintain a general awareness of the activities on the entire floor, whether to attend to any developing 
emergency, be available to assist others, or to know where to seek help if needed.  Physicians and Advanced 
Practice Providers have similar tendencies but with an inverse focus; the emphasis is often maintaining 
awareness of the entire setting. 

While this functional requirement persists amongst all ICU clinical staff, ICU layout configurations vary 
widely, taking on generic forms that can be described as spoke or cruciform, parallel corridor or racetrack, 
off bed, surrounded or radial, or U-shaped (James & Tatton-Brown, 1986).  Indeed, among the 19 ICUs built 
between 1993 and 2003 that were awarded an ICU design award from the SCCM, the American Academy 
of Critical Care Nurses, and the American Institute of Architects, Rashid (2006) found 7 different nurse 
station configurations across 4 different layout typologies; the most common (12 of 19) was racetrack.  
Additionally, there was no consistent ratio of patient rooms per unit, support service area locations, or unit 
entrances. 

Even if we were to suppose there was a universally superior configuration for surveillance and awareness, 
however, such a finding would be largely impractical; few health systems have the luxury of an idealized 
setting and must adapt to a given floorplate, supporting grid, and co-located services.  A more useful aim 
might instead provide empiric comparisons within and across typology, providing a robust means of 
assessing for functional requirements and the potential to mitigate suboptimal layouts through process or 
interior elements.   

Currently, architects and clinicians assess for surveillance affordances during design phases by drawing sight 
lines or viewing angles between patient rooms and designed staff locations, e.g. team work stations.  Such a 
method presumes, however, an equal amount of visual and auditory information and density of people across 
locations, and does not account for the value of the corridor.  Additionally, none such (even partial) method 
exists to account for the situational awareness needs of the clinician, (e.g. awareness of co-workers), which 
we suggest is an essential component of team-based care (Heerwagen, Kampschroer, Powell, & Loftness, 
2004; Gurses & Carayon, 2007; Rashid, 2009; O'Leary, Sehgal, Terrell, & Williams, 2011) and which may 
in turn, affect patient safety (Wright, Taekman, & Endsley, 2004).  Moreover, no measure to date has been 
developed within the space syntax program to quantify this novel syntactic property – the potential of a space 
for concurrent targeted surveillance and general awareness. 

This paper details the historical framework and conceptual development of a new spatial variable – isovist 
connectivity (IC) - that combines both isovist and visibility graph theory to describe the socio-spatial needs 
of healthcare workers.  We show how IC values can be computed in the case of an ICU to characterize an 
important syntactical quality of not just the patient room, but the specific location of the patient within the 
floor plan.  We also demonstrate that in ICUs, this syntactical quality is so profound as to directly predict 
patient safety as measured by mortality. 

1 Until 2012, designers and hospitals were operating under the 1995 SCCM design guidelines, which stated that all patients must be 
situated so as to allow direct (or indirect, e.g. video) visualization at all times, preferably with a direct line of site to the nurse station 
(Wedel, Warren, Harvey, Biel, & Dennis, 1995). 
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2. BACKGROUND
2.1 EARLY MEASURES OF VISIBILITY

In addition to maximizing the cross-ventilation and light so valued by Nightingale, the pavilion or open plan 
ward as a single convex polygon also embodied a key functional criteria – concurrent patient supervision and 
organizational awareness.  Choosing to design in favor of infection control, noise abatement, and privacy by 
creating smaller wards and then ultimately single patient rooms, however, this dual affordance has been 
reduced in modern construction.   

Several clinician authors sought to account for this reduction, recognizing that visibility may be differentially 
available by floorplan and that a lack thereof could have deleterious effects.  Catrambone and colleagues 
(Catrambone, Johnson, Mion, & Minnick, 2009) measured ‘patient visibility’ in 56 randomly selected US 
metropolitan hospital ICUs and medical surgical units by assessing whether the top 1/3 of a patient bed could 
be seen when standing up at a nurse charting station.  Across 8 different ICU typologies, the top third was 
only visible in 63.4% (SD 31.2) of the rooms, and no typology, layout, number of rooms, or combination of 
support areas was superior in visibility.  Leaf and colleagues (Leaf, Homel, & Factor, 2010) used a similar 
method in a 12-bed racetrack unit by standing in the central nurse station and attempting to visualize any part 
of the patient from any location in the nurse station.  Low visibility rooms were those where no part of the 
patient could be seen from the central nurse station, and high visibility rooms were those where any part of 
the patient was so visible.  Severely ill patients admitted to low visibility rooms experienced significantly 
higher ICU mortality than those admitted to high visibility rooms (66.7% and 46.7% respectively; p = 0.04). 

Such a finding was nothing short of groundbreaking: for clinicians, substituting anecdote and intuition with 
evidence (albeit emerging), and for architects, linking design to patient outcomes.  However, the method – 
counting heads or people from nurse stations – needed refinement.  How, for example, to compare units with 
decentralized nurse stations (every patient is ostensibly directed viewed) to those with centralized nurse 
stations or some combination thereof?  Perhaps most critically, ‘nurse stations’, as a variable in relationship 
with patient beds does not reflect where nurses and doctors actually work.  By this method, we cannot account 
for every point where a nurse or doctor might be found in and around a team station, and we ignore the 
corridor and other rooms.   

2.2 SYNTACTIC MEASURES FOR VISUAL DIFFERENTIATION 

Visualization is fundamental to ICU nursing and medical practice, a habit that one hardly notices until the 
environment quite literally steps in, forcing a break.  It seems only natural, therefore, to begin an exploration 
in visual differentiation with the isovist, and then seeking refinement with visual graph analysis. 

ISOVISTS.  Built upon the work of Tandy (1967), and grounded in visual perception theory (Gibson, 1986), 
Benedikt (1979) attempted to give structure to spatial experience and perception.  Coining these ‘location-
specific patterns of visibility’ or visibility polygons as isovists, Figure 1, Benedikt defined environmental 
perception as specific to the path along which an individual observes information about the surrounding 
environment, measured from points along the given path.  He argued, ‘an observer’s perception is thus 
circumscribed, if not determined by the environment-as presented at the point of observation’ (1979).  Stated 
quantitatively, the area (and perimeter) visible around a vantage point constitutes a closed polygon in interior 
settings (Turner, Doxa, O’Sullivan, & Penn, 2001). Moving through space, the interplay between shifting 
isovists (or visibility polygons) completes an experiential description and provides information.   

Although conceived from the observer or vantage point perspective, vi, an isovist’s informational field is also 
reciprocal to vi.  Benedikt (1979) affirms the notion of isovist reciprocity, suggesting that the size and shape 
of an isovist approximates the amount of information available to and about the individual at ‘vi’.  A narrow, 
short isovist could yield very little information, while a long, wide isovist could reveal significantly more. 
The reciprocal nature of isovists allows a change of perspective:  instead of being concerned with the view 
from ‘vi’, we may focus on all points within the polygon from which visual connection may be maintained 
with ‘vi’ – that is, the neighborhood (Turner et al., 2001) 
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Figure 1. Isovist polygons (360°) in ICU C as described by Benedict (1979), generated from HOB vantage points A and B, and 
neighborhood point C.  From the corridor at C, ‘medium gray’ isovist , the observer may maintain a view to both A and B.  
Workstations at points D and E. 

 

VISIBILITY GRAPHS.  Grounded in Hillier and Hanson’s classic theories on graph-based representations 
of space and social networks, that is, the social implications of inhabited, arranged spaces (1984), and 
Benedikt’s (1979) description of an isovist, Turner and colleagues (2001) conceptualized the visibility graph 
of an environment – ‘the graph of mutually visible locations in a spatial layout’.  With visibility graph 
analysis, or VGA, the authors sought to gain finer spatial differentiation metrics as an alternative to the 
comparatively large-grained and more importantly — manually-generated — convex space discretization of 
space.  Once the rectilinear base graph is established “with physical locations as vertices”, we “form edge 
connections between pairs of locations if they are mutually visible.  This is the visibility graph of the system.”, 
(Turner, et al, 2001).  Note that by this definition, the visibility graph is fundamentally dependent on 
Benedikt’s isovist (Turner et al., 2001).  The first step in forming the visibility graph of a given vantage point 
within a plan is to create the set of vantage points that are directly visible from it; this set of points is 
practically equivalent to the isovist. It is naturally much less accurate as compared to the geometrically 
defined isovist, but the value of trade-off comes in the simplicity it creates for operations such as computation 
of isovist area, determining overlap of isovists, or summing up a number of isovists. This isovist implemented 
as a set of directly visible vantage points is the basis for the methods set forth here.   

Using graph set notation, V(G) is the set of all the individual vantage points (or vertices, vi) in a given gridded 
floor plan, each vertex vi will have a set of connecting vertices or neighborhood, V(Γi), and each pair of 
immediately connecting vertices is termed an edge (Turner, 2001).  The number of edges per neighborhood 
(the set of visibility connections) is easily obtained and reported by vertex (x,y) as a tabular value using 
Depthmap X (Turner, 2001), and is also depicted as a spectral range, Figure 2.  This set of immediate 
neighborhood connections from each vertex is a local measure, equivalent to the isovist as defined by 
Benedikt, and called visual connectivity. 

With Depthmap X, we also calculate global measures such as mean depth, which is the  “average number of 
edge steps to reach any other vertex in the graph”, but may restrict the number up to n-edge steps away 
(Turner, 2001).  That is, a restriction of 1-edge steps away is equivalent to the immediate neighborhood, or 
visual connectivity. 
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Figure 2. Visual connectivity graph example, ICU C.  Visibility analysis (at standing eye-level), revealing the vertices with the most 
direct connections in red or the largest neighborhood size (central nurse station), and the vertices with the least direct connections in 
blue.  

 

3. RELATING SYNTAX MEASURES AND BEHAVIOR 
3.1 FOUNDATIONS  

Much of the initial work exploring how and why individuals move through space began in exhibition settings, 
which interestingly share programmatic elements with clinical settings – to allow people to observe, discover, 
and engage.  Whereas in a museum setting, visitors find novelty around the corner and discovery is influenced 
by layout and topography, clinicians as inhabitants do not discover by wondering where this or that corridor 
leads.  Instead, the exhibition itself – the patient – is constantly changing, and discovery is found within the 
selfsame location.  The same could be said of the returning museum visitor, familiar with the floorplan, 
knowing how to find the elevator and the giftshop.  As inhabitants, clinicians learn where to best position 
themselves depending upon informational needs.  And if a particularly concerning patient is roomed in an 
informationally poor area of the floorplan, may disadvantage themselves organizationally to provide that 
care, or disadvantage the patient to gain awareness. 

Like acute care hospitals, complex building types (e.g. museums, university commons, offices, and factories) 
range broadly in configuration, topology, purview, and program.  These elements form the basis for a deep 
body of work describing the interrelationship between spatial occupation, unplanned encounters, and 
movement across space, (Choi, 1999, Hillier, 2007; Penn, 1999; Peponis, Dalton, R., Wineman, Dalton, N, 
2004).  Choi (1999) described ‘a field of reciprocal social visibility’ in a study of 8 museums, finding that 
highly integrated spaces did not have more people in them; highly integrated spaces provided views of more 
people.  Peponis and colleagues (2004) reported that during museum exploration, visitors were measurably 
more aware of freestanding exhibits that had higher visual connectivity scores and lower mean depth.  
Interestingly, active engagement with an exhibit was associated with being able to view another exhibit 
concurrently, a finding that extends to surveillance behavior and collaboration in clinical settings.   

Peatross (2001) investigated the balance between environmental control and freedom of movement in mid-
range restrictive institutional environments: Three Alzheimer’s long-term care units and three juvenile  
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detention centers.  The author theorized that spatial control was determined by which group – staff or 
residents – had visual overview of potentially occupied space. Peatross measured the field of awareness with 
a new density measure, the ‘animated isovist’, calculated as the occupancy ratio by social role and activity 
(moving or sitting), of individuals located within the largest polygon possible within a space.  

Most interestingly, weighed densities (density weighted by number of people available to populate a space) 
were significantly correlated with integration.  Peatross concluded that even in restrictive settings, people 
move where they can see and be seen, above and beyond where they are supposed to be located in space.  
Nurses are also subject to tacit and overt restriction of movement, required to ‘be by the bedside’, and to let 
a colleague know when they are ‘going off the unit’.  Like the residents and staff in Peatross’ study, nurses 
may choose to locate themselves where they can see and be seen by others above and beyond their required 
location – providing organizational awareness.  Furthermore, the configurational characteristics and 
affordances of a patient care unit may influence where a nurse lingers and what path he takes. 

Similar to visitors engaging in museum exploration or staff monitoring their charges, clinicians engage in 
patient surveillance and co-worker awareness.  The concurrent visibility described by Peponis and colleagues 
is a theoretical basis for isovist connectivity, whereby a nurse will prefer locations that allow both patient 
supervision (focus on an exhibit) and connection to the rest of the unit (awareness of other exhibits). We 
suggest that independently taken generic visibility graph measures and isovist fields insufficiently predict 
clinician behavior because there is an inextricable duality to the needs to healthcare workers: surveillance 
and awareness.  

3.2 NEW ISOVIST-BASED METRICS FOR DIFFERENTIATING SPACE  

In 2007, researchers at Georgia Institute of Technology conducted an unpublished pilot study in a 
neurosciences ICU (NSICU) at Emory University Hospital, Atlanta, GA, USA, with the intent of generating 
hypotheses about the distribution patterns of staff members in space, according to generic visibility graph 
measures.  The team found no particular pattern of spatial occupation other than expected at high integration 
points, at nurse stations, and in rooms.  Albeit initially surprising, this became logical upon further reflection: 
one of the authors (M.O.) was a nurse practitioner in the study ICU, and attested to her own non-probabilistic 
movement choices, selecting ‘lingering locations’ where she could see and be seen.  We then sought new 
spatially differentiating metrics within the context of situated observers. Two concepts emerged from this 
pilot work: targeted visibility (Lu, Peponis, & Zimring, 2009), and isovist connectivity.   

Using the 2007 data, Lu, Peponis, and Zimring (2009) presented a paper at the 2009 Space Syntax 
Symposium detailing a new metric, ‘targeted visibility’ (TVi), based on the premise that clinicians are 
interested in a specific target - the patient head of bed (HOB) - during movement through space.  For the 
NSICU, Figure 3, the TVi values ranged from 0-9, according to the maximal and minimal number of heads 
of beds it was possible to view at one time.  Lu and colleagues compared the density of clinicians (n=946) 
by role and interaction status against TVi and generic visibility (e.g. connectivity and integration).  A person 
was defined as interacting if in active conversation with another person, i.e. listening or speaking.    

The density of both interacting (n=133) and non-interacting physicians (n=187),was correlated to the rank of 
the connectivity score, (r=0.81, p=0.004 and r= 0.75, p=0.013 respectively).   These density patterns 
suggested that whether interacting or not, physicians appeared to prefer locations with higher connectivity 
scores (higher general awareness potential, rather than targeted to patients), appropriate to a broader 
supervisory and care role and giving them the best possible purview of the entire unit.  However, we cannot 
know the potential effect of resident physicians (who may be responsible for a smaller patient subset) nor of 
consulting physicians (who may see one patient).  These physician types may exhibit the behavior patterns 
of the nurses, discussed below.   

Density for interacting nurses (n=333) was significantly correlated with TVi (r=0.89, p<0.001) and with 
higher connectivity scores (r=0.82, p=0.004), suggesting a preference to survey more patients and have 
general awareness while interacting.  Nurses may also have been interacting with physicians when in areas 
with higher connectivity, rather than having nurse-nurse interactions, for example, in higher connectivity 
areas.  However, non-interacting nurses (n=293) did not exhibit higher density patterns in areas with higher 
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TVi (r= 0.57, p=0.088) nor in areas with higher connectivity (r=0.36, p=0.309), suggesting a more even 
distribution of non-interacting nurses across all spaces in the unit. 

 

 

Figure 3.  Visual Connectivity graph, NSICU, Emory University Hospital. 

 

Apart from documenting the presence of people, this study suggested potential architectural and patient safety 
implications. Patients near higher connectivity score areas may benefit from greater physician presence.  
Conversely, patients near lower connectivity score areas may suffer when nurses move to higher connected 
areas (whether drawn to physician interaction opportunities or location of support areas – medications, 
supplies, etc.).   Interaction aside, however, both generic measures (connectivity) and targeted measures (TVi) 
were unrelated to non-interacting nurses, which in this study, was half the sample population.   

Again, it is not entirely unexpected that Lu and colleagues were unable to account for the movement of non-
interacting nurses: nursing work is not defined by worker-worker interaction, however critical.  Instead, 
nurse-patient primacy is organizationally reinforced with specific assignments, usually in ratios of 1:2 or 1:3 
for ICUs.  Nurses use a wide variety of formal and informal heuristics to determine nurse-patient assignments, 
and these often include criteria such as patient acuity, nurse-patient ratios, nurse experience, or familiarity 
with the patient.  Notably, neither patient room location on the floor plan nor physical proximity to those 
with adjacent skill sets or supporting infrastructure are typically part of (in)formal tools or consensus 
statements such as the “ANAs Principles for Nurse Staffing” (American Nurses Association, 2012).  Indeed, 
while numerous studies explore the positive relationship between nurse staffing and patient outcomes, e.g. 
(Avalere Health, LLC, 2015; Shekelle, 2013), ‘differences in physical characteristics of units’ are often 
combined with other unit specific variables, e.g. care delivery models, or ancillary staff availability as ‘unit 
fixed effects’ (Needleman, Buerhaus, Pankratz, Leibson, & Harris, 2011) or subsumed by large, state-wide 
(Aiken, 2002) or multistate data sets (Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky, 2002). 

Ironically, these same ‘additional’ or ‘other’ physical characteristics, are those that afford (e.g. via visibility) 
the surveillance behaviors which tend to underpin most conceptual frameworks explaining the relationship 
between nurse staffing and inpatient mortality, (Dresser, 2012; Kelly & Vincent, 2011; Kutney-Lee, Lake, 
& Aiken, 2009; Shekelle, 2013).  Indeed, Lu and colleagues’ conceptual replication of the Leaf et al. (2010) 

1000m
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seminal study found that for the sickest patients, ‘field of view’, defined as the maximum viewing angle from 
the HOB to the central work station, and may include (depending upon the layout) the corridor and other 
rooms, accounted for 33.5% of the variance in ICU mortality, p=0.049 (Lu, Ossmann, Leaf, & Factor, 2014).  
We require metric refinement, however, as the primary methodological assumption was clinician positioning 
at team stations, despite the plethora of research documenting nurse walking times.   

In essence, the fundamental relationships are between patient, nurse, and the surrounding practice and built 
environment.  That is, the process of care requires patient surveillance and general awareness.  In response, 
we (M.O. and S.B., 2010) conceptualized the measurement of these dual affordances in isovist connectivity.  
Here, we propose spatial metrics that consider additional occupied areas, e.g. corridors and other patient 
rooms. 

 

4. ON ISOVIST CONNECTIVITY 
4.1 SET CHOICE 

As an ‘experience in space’ measure, we must select a set of isovist-generating points within a setting to fully 
describe the environment.  How then, to choose?  Turner and colleagues (2001) logically suggest selecting a 
set of vantage points that most closely describe the spatial system - termed ‘a sufficient set’, to avoid bias 
from personal route or vista preference.  Such a sufficient set may indeed describe the spatial setting 
completely, but certain points could be socially meaningless: are we concerned with the ‘desired experience 
in space’ of a vantage point that remains unoccupied?  Even if we agree that a sufficient set appears necessary 
for a generic description of environments, it is found wanting in restrictive settings precisely for this reason.  
The entire spatial system does not reflect the desired experience – only particular areas do so.  We propose 
that the sufficient, meaningful set is determined by the socio-spatial system, which in ICUs, is patient driven. 

In particular, two primary organizational considerations drive the desired experience in space for hospital 
settings: patient surveillance and organizational awareness (Dresser, 2012; Kelly & Vincent, 2011).  The 
intensive care unit environment is most peculiar in that the nature of patient surveillance clearly defines 
without question, the patient as ‘isovist-generating point’, made easier because ICU patients tend to remain 
stationary.  The patient-generated informational field constitutes a closed polygon; clinicians are the 
occupants.  Clinicians are not promised organizational awareness from the isovist (they are guaranteed 
visibility of the patient in question).  As the other half of the desired experience in space, organizational 
awareness is derived from the meaning or value of those points in the information field or isovist.  However, 
the points within the patient-generated polygon provide differential visual access for the occupant (Archea, 
1977).  Referring once again to Figure 1, consider the difference between locations C and E: both are within 
the isovist generated from patient A, but have differential visual access to the rest of the unit.  At point C, the 
observer gains visibility to patient B and a view to general unit activity.  We also note that the central 
workstation on this side of the unit – at D – is only granted a view to the foot of patient beds and the position 
of computer screens places patient B behind the occupants at D.   

Beyond a visual description of occupant relationships and experience, however, the isovist struggles to be 
useful because it cannot make good social sense of the space within the polygon; it is too tied to a single 
vantage point (Turner at al., 2001).  Given that visual connectivity of a point approximates the area of its 
isovist, we look to visibility graph analysis to assign informational field point value.  Additionally, we can 
only choose a single point from which to generate an isovist.  The patient’s entire head of bed is of interest, 
and is approximately 4 feet by 4 feet.  Graph based analysis allows us to select a set of vantage points of 
interest, or a single centroid (if a 4ft2 grid is used, in this case). 

4.2 DEFINING ISOVIST CONNECTIVITY 

Isovist connectivity (IC) is defined for a single vantage point, albeit a set of directly adjacent vertices may 
be chosen to enlarge the vantage point, e.g. the HOB.  Notionally, the isovist connectivity of a given vantage 
point is the area of the visual polygon that is visible from anywhere within the isovist of the point.  IC can be 
implemented in Depthmap with a discrete set of vantage points laid out in a uniform square grid.  This means 

8



 Proceedings of the 12th Space Syntax Symposium 
 

that, effectively, the isovist connectivity of a point is the average connectivity of all the points in the isovist 
of the point.  The isovist connectivity of a polygonal region can be simply computed by averaging the 
connectivity of all individual vantage points included within the polygon, Figure 4.   

 

 
Figure 4. Isovist connectivity can be conceptualized as calculating the average connectivity of the isovist.  Shown here, the isovist 
polygon for Patient A is layered over the connectivity graph.  The connectivity values of the tile centroids that make up the area of 
the isovist polygon are the tile centroids of interest.  By connectivity value, the occupant at point D has greater potential overview 
of the unit as compared to point C. 

 
4.3 CALCULATNG ISOVIST CONNECTIVITY 
 
There are likely several ways to derive what is essentially ‘the isovist of every centroid in the isovist’, 
however we chose to do so using step depth.  A step depth of 1 approximates the isovist, by ‘revealing’ all 
the centroids that have a direct connection, or mutual visibility, to the vantage point(s).  In UCL Depthmap, 
this calculation is possible by using the step depth analysis.  It is possible to select, for example, the 16 
centroids or 4 square feet that make up the head of the patient bed, and search for all mutually visible 
centroids, Figure 5.   

Isovist connectivity calculation steps are as follows: (1) run a visibility graph analysis for the floor plan; (2) 
run a step depth analysis for each centroid(s) of interest (saved as individual analyses); (3) use the resulting 
spreadsheet to filter for those centroids with a step depth of 0 (the selected centroids) and 1 (directly 
connected centroids) by individual analysis; and (4) calculate the arithmetic mean of the generated set of 
connectivity values, (unique to originating centroids).  The result is an isovist connectivity score for each set 
of originating centroids, Table 1.  

 

 

9



 Proceedings of the 12th Space Syntax Symposium 
 

 
Figure 5. Step depth (SD) graph from the HOB of patient A.  ‘Dark Gray’ tile centroids (SD = 1) are mutually visible to the set of 
selected tile centroids, in this case, the head of bed (SD=0); ‘Medium Gray’ tile centroids (SD = 2) are 1 turn away from mutual 
visibility; ‘Light Gray’ tile centroids (SD = 3) are 2 turns away from mutual visibility.  The ‘Medium Gray’ tile centroids show the 
potential field of awareness for the occupant moving within the isovist generated from Patient A, and conversely, demonstrate 
potential exposure.  

 

 

Table 1. Depthmap Table sample for a vantage point or vertex, by XY coordinate.  Filtered a step depth (SD) of 1.  The average of the 
corresponding connectivity values (with a SD of 1) results in the Isovist Connectivity Score. 

 

 

 

 

 

 

 

 

 

 

 

 

X Y HOB SD Connectivity 

11 46 1 497 

11 47 1 548 

11 48 1 608 

. . . . 

n n 1 n 

   AVG = 1080.21 
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5. RELATING ISOVIST CONNECTIVITY AND MORTALITY  
As already discussed, limited evidence suggests that ICU survival is associated with visibility, particularly 
for patients with severe critical illness.  The potential patient and organizational implications are significant, 
but must be validated in other settings and populations.  As such, we conducted a study to investigate if any 
visual characteristic of space could explain variation in mortality rates by room by using isovist connectivity 
as a metric.  This is a summary reporting of the study to demonstrate the significance of IC and visibility in 
general.  The detailed paper is forthcoming. 

5.1 METHODS 

This retrospective cohort study examined three medical ICUs (MICUs) –  ICU A, B, & C –  and one medical-
surgical ICU (MSICU) – ICU D – across 2 hospitals within the same tertiary academic medical center, Emory 
Healthcare, Atlanta, GA, USA, Figure 6.  All patients admitted to these four ICUs between September 2011 
and June 2014 with a sepsis discharge diagnosis, DRG 870-2, were eligible for inclusion (n=1,385).   

ICU A was 20 beds, ICUs B and C were 7 beds each, and ICU D was 20 beds, Figure 6.  Upon checking 
floorplans for accuracy, we noted that while the ‘designed’ glazing in each room provided full views of every 
patient, the actually available view, or ‘functional’ glazing, was dramatically less, Figure 7.  All study ICU 
rooms exhibited a similar degree of semi-permanent view obstruction.  As such, we represented each ICU 
room with the main door open, and treated all additional glazing as completely opaque. 

5.2 MEASUREMENT AND MAIN RESULTS 

We generated an isovist connectivity (IC) score, as in Table 1, for each patient room HOB.  We then formed 
visibility groups from IC values and compactness using hierarchical clustering, Ward method, Figure 8.  ICU 
mortality was then compared by patient assignment to a low (n=877), medium (n=311), or high (n=197) IC 
score room across all ICUs.  Unadjusted mortality for low, medium, and high visibility rooms were 15.7%, 
13.8%, and 10.2%, respectively.  After adjusting for patient characteristics, patients exposed to a high IC 
score room experienced at 42% lower odds of death compared to patients exposed to a low IC score room, 
p= 0.048; there was no significant difference in odds of death between patients exposed to medium IC score 
rooms and low IC score rooms.   

 

5.3 DISCUSSION 

Consistent with two previous studies exploring the relationship between mortality and patient visibility, albeit 
with the same patient data set (Leaf, et al., 2010, Lu et al., 2014), rooms with low Isovist Connectivity were 
independently associated with higher ICU patient mortality.  With IC, however, we add precision to the 
notion of ‘field of view’ put forth by Lu and colleagues (2014).  Field of view does not account for the quality 
or characteristics of the view and does not respond to typologies with distributed work stations.   

With IC, we gain ecological validity, as using step depth allows us to select a larger vantage point (the full 
HOB) and calculate the visibility potential of the ‘group’ isovist (average connectivity of all points with 
visibility to the HOB).  We also gain an empiric access and exposure assessment of a patient assignment.  
Practically speaking, IC may begin to address design and process questions, for example: (a) related to 
maintaining direct visualization of a patient, to what extent might the clinical staff member perceive 
immediate access to colleagues, (b) when the assigned nurse moves out of direct visualization, is the patient 
‘covered’ by another patient isovist, (c) when creating nurse-patient assignments, is skill augmented with 
opportunity for supervision, that is, might a novice nurse be assigned to a highly exposed patient isovist, and 
(d) because every point in the neighborhood is reciprocal to the vantage point, to what extent might the patient 
(and potentially family) perceive immediate access to help and a sense of safety (Alalouch & Aspinall, 2007). 
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ICU A ICU D 

 

 

 

 

 

 

 

 

ICU B ICU C 

 

Figure 6.  Connectivity graphs, UCL Depthmap. 
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Figure 7.  “Functional visibility” example.   Note placement of visual information displays and curtains drawn to breakaway door.   

 

 

Figure 8.  Hierarchical clustering, Ward method.  ICUs B and C were removed from the graphic for clarity.  All rooms in ICUs B 
and C clustered in the Red, lowest visibility group. 
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These results carry weighty implications for designers, clinicians, and administrators, as rooms with high or 
low IC were not intuitively apparent. Sixteen of the 26 low IC rooms were located directly in front of a team 
station, and all study rooms met the 2012 SCCM design guidelines, which specify direct line of sight to a 
central corridor or nurse/team station.  These results suggest the need for robust spatial analysis to determine 
level of exposure to visibility.  Analysis could prevent the design of a low IC room, or alert administration 
and clinical leaders to the latent harm, allowing risk mitigation via process changes or potentially, renovation. 

The difference between ‘designed’ and ‘functional’ glazing was profound.  We may visualize the impact 
immediately, Figure 9, and note the additional locations – including workstations – where an occupant may 
maintain direct visualization of the patient HOB.  The need for vertical displays of information – reminders, 
warnings, plans, cues – adjacent to the patient room is present in nearly every clinical workplace.  The effect 
of visual obstructions cannot be understated, however necessary the information.  In partnership with clinical 
and IT teams and administration, designers should work to maximize the full spectrum of information, e.g. 
visual and auditory, to deliver safe patient care.  Technological advances may also provide other means to 
communicate information once affixed to patient rooms, e.g. auditory cues, and mediated reality. 

It is likely that the mechanism of patient survival as predicted by isovist connectivity, is the presence of 
people.  Layouts that provide for patient observation and visual access (as measured by highly connected 
isovist polygons) may experience higher clinician density thereby conferring decreased risk.  Although we 
chose connectivity to capture the potential for immediate visual information from the isovist, it is possible 
that highly integrated isovists are more dense.  Lu et al. (2009), however, reported a strong correlation 
between density and visual connectivity (r=0.92, p<0.001) in a neurosciences ICU.  It is beyond the scope of 
this paper to fully explore the relationship between isovist connectivity and the density of people, but we 
acknowledge that necessity as a next step.   

 

 

Figure 9.  Step Depth graph from the HOB of patient A with ‘glazing as designed’.  Note the additional view to all team stations, 
an entrance, and additional patient HOB.  
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Additionally, there may be alternate methods to characterize the shape of the HOB-generated isovist.  We 
chose compactness, but other authors, e.g. (Shpuza, 2011) have developed metrics that may better compare 
isovists.  We also chose to use the entire possible length of the isovist, and in some cases, this generated a 
view of greater than 30 feet.  While one can certainly identify a flurry of activity or a particular person from 
that distance, it would be difficult to closely observe patient details.  Future research should account for 
meaningful patient supervision. 

 

6. CONCLUSIONS 

In this paper, we present a new metric, grounded in specific surveillance requirements, that allows a fine-
grained differentiation of the spaces within a setting. The surveillance requirements are dual—monitoring 
specific areas and keeping awareness of the broader setting.  The idea of exquisite spatial discernment using 
visual properties is a long-standing enterprise within space syntax studies, instigated first by Benedikt’s work 
on isovists and foreshadowed in Archea’s studies independently. Isovist connectivity’s essential promise is 
practical; it is essentially a diagnostic device that allows us to compare settings that may otherwise look 
similar by visual inspection, but may offer substantively different conditions for the conduct of particular 
activities. But beyond diagnosis, the promise of our developing differentiating metrics of the kind that we 
have done here may also lie in suggesting directions for design. One may wish to design settings where isovist 
connectivity of corridors is maximized—this would be a practical end. But one may also want to design 
settings in which there is maximal differentiation of isovist connectivity within the corridors, the end being 
not to improve performance, but to create intriguing and novel experiences.   
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