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WARD LAYOUT, COMMUNICATION AND CARE QUALITY  

SPATIAL INTELIGIBILITY AS A KEY COMPONENT OF HOSPITAL DESIGN  
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ABSTRACT 
This study is an empirical investigation of the ways in which the spatial configuration of inpatient 

wards influences work processes and communication networks of caregivers and the effect on patient 

care quality. Space syntax research argues that the spatial configuration of hospitals has an effect on 

social behaviours. However, how this relationship influences care quality is poorly investigated. 

Therefore, this study researches the link between these three components. In particular, this study 

looks at at six hospital wards focusing on how various spatial metrics - connectivity, integration, mean 

depth and intelligibility, influence observed work activities, paths of movement and interactions 

between caregivers and how this affects team work and consecutively patient care. 

Three NHS hospitals situated in London are included as case studies in this research and two 

corresponding wards from each hospital – one intensive care unit and one nursing ward, are selected 

for a comparison. Space syntax was used to calculate various spatial metrics and investigate how 

spaces in the six wards are interconnected in a spatial network. Social network analysis was used to 

describe the network of relations of caregivers. Data was collected with wearable devices that 

provided information about communication patterns and network partners. The workflow of 

caregivers was captured by shadowing members of staff and recording digitally type and durations of 

activities and locations. Finally, a staff survey to assess teamwork and communication was used to 

evaluate healthcare quality.  

The study affords new insights into the relationships of spatial configuration, social networks and care 

processes with the aim to improve quality of care. Results suggest that certain generic patterns and 

relations between spatial metrics, work processes, communication patterns and care quality can be 

established. Layouts with high intelligibility tend to have shorter duration of activities and 

conversations, more democratic work culture, higher rated teamwork and communication and 

consequently better quality of care. However, more case studies are required to fully investigate the 

relationship between the three components and establish concrete patterns. 

KEYWORDS  
Social Network Analysis, Hospital Ward Layout, Work Processes, Exchange of Information, Care 

Quality 

	

1



	Proceedings of the 12th Space Syntax Symposium	

1. INTRODUCTION

Improving health outcomes is of critical importance for patient and staff satisfaction and reduction in

accidents and patient mortality. Improvements in health quality have been of particular interest in the

past years in the UK, especially after several public enquiries of NHS hospitals because of failure to

meet quality standards (Healthcare Commission, 2009; The Mid Staffordshire NHS Foundation Trust

Inquiry, 2010; Keogh, 2013). Among the factors causing problems with healthcare were problems

with leadership, management and poor communication. These studies paid little or no attention to the

physical conditions of the buildings, their design or spatial configurations. However, problems with

the spatial layout of hospitals and quality of care were noted back in the early 1980s by hospital

officials and regional health authorities in a public investigation of Bristol Royal Infirmary (Weick &

Sutcliffe, 2003). The paediatric cardiac surgery program had significantly higher mortality rates than

other centres in England. In their re-analysis of the case, Weick and Sutcliffe mentioned that ‘the

physical setting at Bristol is worth noting since it figures prominently in the inquiry report’ (ibid,

p.75). The layout and thus clinical services were described as split and scattered across several

buildings with a potential to magnify small problems that linger after surgery.

Later studies have also indicated that design features and the spatial configuration of hospitals can

influence health outcomes. Environmental factors such as noise, light, nature views and air quality

could influence well-being and healing of patients (Ulrich, 2004; 2008). Researchers also investigated

how the configurational properties of buildings affected movement (Heo et al, 2009; Koch and Steen,

2012a; Koch and Steen, 2012b;) and interaction of caregivers (Lu et al, 2009; Cai and Zimring, 2012;

Sailer et al, 2013; Pachilova and Sailer, 2013). However, only few of these studies linked their

findings to healthcare outcomes.

The aim of this paper is to establish a connection between the spatial layout of hospital wards, work

processes and exchange of information amongst caregivers and the quality of care provided to

patients. In this regard, the research asks the following questions:

• Are there differences between the time same roles in different wards spent in various

activities?

• How different spatial measures such as connectivity, integration, mean depth and

intelligibility influenced duration of work processes, and frequency and duration of space

usage.?

• How does staff communicate? Is their communication more hierarchical or more democratic?

These three questions are investigated and results linked to staff outcomes e.g. satisfaction with 

teamwork and communication as a proxy for quality of care. 

This paper is structured as follows: Chapter 2 discusses research studies in the field of space syntax 

that investigated the link between spatial measures, staff behaviours and outcome variables in 

healthcare settings. The six case studies are presented in chapter 3 and chapter 4 introduces the 

methodology. Chapter 5 addresses each of the research questions in an individual section and presents 

analysis and results. All finding are brought together in chapter 6 for a discussion. Finally, 

conclusions and limitations of the study are presented in chapter 7. 
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2. LITERATURE REVIEW  

Several studies in the field of space syntax investigated how various spatial measures influence 

nurses’ behaviour and the effect on staff or patient outcomes. Trzpuc and Martin (2010) studied how 

the spatial structure of nursing units affected communication amongst nurses and subsequently 

perceived social support that were argued to help protect staff from high stress levels and increase job 

satisfaction. The researchers analysed three medical-surgical units using space syntax and conducted 

three semi-structured interviews with end users to understand perception of social support, isolation 

and communication amongst nurses. Visibility and accessibility were chosen as spatial measures 

because it was argued that higher visibility increased the number of opportunistic meetings for 

communication and social support while accessibility, affected by the length of paths of travel and the 

location of support areas, helped to physically locate another nurse. The authors concluded that further 

investigations are required because the analysis indicated the complexity of understanding an 

environment as experienced by users. It is argued that with only three interviews, this qualitative 

study failed to establish a link between space, nurses’ communication patterns and staff satisfaction, 

although it provides interesting pointers.  

Hendrich et al (2008) conducted a time and motion study to document how nurses spent their time 

with an objective to identify drivers of inefficiency in nursing work processes and nursing unit design. 

Previous research had reported that only a small percentage of nursing time was dedicated to direct 

patient care. 767 nurses from 36 medical-surgical wards were invited to take part in the study and 

were provided with electronic devices to record the start and end of preselected activities or their 

activity and location at a certain time period. Participants also wore an armband to measure their 

physiologic response and assess the physical impact of workload and stress. Results showed that 

distance travelled per day and time spent in various activities varied considerably between shifts and 

the variability between different nurses on the same unit was often greater than the variance across 

different hospital units. The median energy expenditure of nurses, used to measure psychological 

impact, was 1.71 during day shifts, 1.52 at night shifts and 1.5 off shift which showed a reduction 

from day shift to off shift. 

Following the findings of the previous study, Hendrich et al (2009) further investigated the 

relationship between unit layout and nurse behaviour combining the existing data with space syntax 

measures. The researchers used the nurse assignment as a unit of analysis and calculated the average 

integration of each area. They found that nurse assignments with greater average integration were 

associated with higher number of entries to patient rooms and the nurse station allowing nurses to 

participate in two critical nursing activities (patient care and staff interaction). Number of entries to 

patient rooms correlated negatively with average time per visit and positively with total time spent in 

patient rooms meaning that nurses either had fewer but longer visits or more frequent but shorter 

visits. The authors concluded that the spatial qualities of nurse assignments affected their movement 

and the frequency of visits to the patient room and nurse station. The findings however were not 

associated with staff outcome measures.  

Lu and Zimring (2009, 2012) conducted a study in an intensive care unit investigating how visibility 

affected behavioural activities and communication of doctors and nurses. Alongside generic visibility, 

the authors developed a new measure – targeted visibility analysis. While generic visibility calculated 
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visibility from all visible points to all other points in space, targeted visibility calculated the visibility 

towards a number of pre-selected visual targets, which in this case were patient beds. It was found that 

targeted visibility was more strongly correlated with the density of all staff members and more 

strongly correlated with the density of all nurses and the density of interacting nurses. This meant that 

more nurses could be expected in areas with higher visibility towards patient beds. Generic visibility 

was more strongly correlated with the density of physicians, which could be explained by the 

preference for a position where they could maximise their awareness of the surrounding environment.  

In a follow-up study, Lu et al (2014) applied the targeted visibility measure to a dataset collected for a 

different study (Leaf, Homel and Factor, 2010) to further empirically test the new tool. This time, the 

data contained patient outcome variables – hospital mortality rate, ICU mortality rate and average 

length of stay for patients, which allowed the authors to relate their spatial measure to a healthcare 

outcome. The reason they chose this dataset was because Leaf and his colleagues were the first to 

draw any association between patient mortality and room visibility, however their definition of 

visibility was quite vague. Leaf (ibid) collected data from a medical ICU and Lu et al (ibid) used the 

room as a unit of analysis – in this case the data was collected from 12 rooms and 664 patients. The 

authors calculated several different visibility measures – patient head visibility, patient room visibility 

and field of view to the rest of the unit using targeted visibility. Results showed that the most acute 

patients had a significantly higher ICU mortality rates when assigned to a low visibility room. This 

was however not valid for those patients who were less sick. The precise mechanism of how field of 

view influenced patient survival was not known. The authors argued that it might be that time at the 

bedside, actual patient observation, and/or response times were affected by the field of view and 

distance. Other studies found that patients were seen sooner when placed in a room without door and 

closer to the physician workstations (Hall et al 2008) and nurses visited their patients more frequently 

when their room assignments were more integrated (Hendrich at al 2008). However direct 

observations of care processes were not conducted and analysis did not control for experience and 

expertise of nurses. Moreover, mortality was a very specific and complicated outcome variable, which 

could depend on too many factors and other patient outcome variables might be more suitable for such 

analysis. Finally, targeted visibility analysis was testing only on one case study and it did not account 

for the dynamic environment of caregivers (Pachilova et al, 2017). 

The motivation behind this paper therefore is the lack of strong evidence in the above mentioned 

studies and research literature overall, which to date has been unable to show a significant relationship 

between space syntax, staff behaviours and outcome variables.  

3. CASE STUDIES  
Data was collected in six inpatient wards in three different hospitals situated in central London. All 

three hospitals were part of the NHS (National Health Service) and were affiliated with a university. 

The intensive care unit (ICU) and one nursing ward (NW) from each institution were selected for the 

analysis. Hospital A was open in 2005 and was situated on a tight urban site. Hospital B consisted of 

several interconnected buildings built in various stages over the years where the first one was open in 

1885. Hospital C was situated in an affluent part of the city and the building that was occupied at the 

time of the study dated from 1980s. 
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The two wards of Hospital A were the largest in area with the biggest number of beds. The nursing 

ward had double the amount of patient rooms than the intensive care unit. The latter had a lot more 

support facilities hence a lower number of beds - 35 compared to 43 for the nursing unit. The ICU at 

Hospital B was also quite large however almost half of it was occupied by support and administrative 

functions hence the number of beds – 20, was much lower that the units at Hospital A. The nursing 

ward was slightly smaller however the number of beds – 28, was higher that the ICU meaning that 

beds are closer to each other and there was less area per patient bed. Both units had a few patient 

rooms and the rest of the area was dedicated to open bays. Hospital C units were the smallest and thus 

had a lot fewer patient beds. The intensive care unit had 11 beds of which only one was in a patient 

room. On the other hand, the nursing ward consists only of nine individual rooms. All intensive care 

units as well as the nursing ward in Hospital C had nurse to patient ratio 1:1 while the other two 

nursing units had a ratio of 1 to 6 or 1 to 7.  

4. METHODOLOGY 

Space syntax was used to analyse the spatial configuration of the six wards. Visibility graph analysis 

was constructed on eye level using Depthmap X (depthmapX development team, 2017) and four 

different measures were calculated and used in further analysis – connectivity, integration, mean depth 

and intelligibility. These measures were chosen because previous studies showed that caregiver’s 

behaviours could be influenced by connectivity or integration (Cai and Zimring, 2013), or mean depth 

(Lu, Peponis and Zimring, 2009). Intelligibility is a measure usually used in studies that investigated 

wayfinding in hospitals (Peponis et al, 1990). As it is a measure that describes how much the whole 

environment could be understood from its parts, it was argued that wards with higher intelligibility 

values would provide better awareness of the ward and thus support teamwork and communication.  

To understand everyday processes and activities, caregivers including doctor, nurses, consultants, 

nurse-in-charge and physiotherapists, were shadowed for approximately 45 minutes during their daily 

tasks and routines. Total duration of observations varied between 5 and 20 hours depending on the 

size of the case study. The ward was split into spaces depending on functional areas and/or rooms e.g. 

a patient room was counted as one space as it is one room that has a clear boundary while a patient 

bay with four beds was split into at least five spaces – four for each bed which represented a patient 

care zone and a corridor that connects the beds and was a space for movement. An observer recorded 

on a digital device the walking path of participants, what they did and how long they stayed in 

specific locations selecting from a predefined list of activities including patient care, face-to-face 

communication, electronic communication, paper documentation, walking and support care. 

Sociometric wearable devices (Olguin, 2007) were used for six to eight consecutive days to provide 

information about communication networks. The nursing ward of Hospital C did not participate in this 

element of the study. Caregivers present on the day of data collection were asked to wear the device 

for the duration of their shift. The average number of participants varied between 15-24 depending on 

the size of the case study. The devices provided information about who talked with whom, how 

frequently and for how long. Betweenness centrality of individuals was calculated for each individual 

day. Betweenness is a social network measure similar to choice in space syntax and is calculated by 

summing the number of all shortest paths from every node in the system to any other node that passes 
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through the node of interest divided by the total number of shortest paths in the network. It shows who 

controls the flow of information in a social network. The higher the differences between the 

betweenness values of individuals, the more hierarchical the team structure is while the smaller the 

differences, the more democratic the structure.  

A staff satisfaction survey was conducted to assess teamwork, quality of communication and culture. 

Each participant was asked to rate on a scale from one (strongly disagree) to seven (strongly agree),  if 

they felt part of the team they work for and if there was a good communication between team 

members in their department. Responses were received from between 36 (Hospital B NW) and 85 

(Hospital A ICU) staff depending on the size of the case study. 

Statistical analyses were conducted in STATA 15 software (StataCorp. 2015) and social networks 

were analyzed in UCINET (Borgatti, Everett and Freeman, 2002). 

5. ANALYSIS AND RESULTS 

5.1 CARE PROCESSES 

Direct observation of care processes revealed some differences between wards. For example, the 

average walking distance varied between 2.61km and 6.58km. On average, caregivers walked longer 

in the medical wards as a nurse for example had to take care of 6 to 8 patients at the same time. 

Looking into different roles, further differences were revealed. For example, in the intensive care unit 

of Hospital B, doctors walked on average 0.71km per shift compared to more than four times the 

distance walked by the nurse-in-charge (NIC) with an average of 4.51km. Some differences between 

same roles in different units were also found and for example nurses in the ICU of Hospital A walked 

4.21km on average while nurses in the ICU of Hospital B – 2.59km. These results point to differences 

between different roles in the same unit but also to differences in the same role across different wards. 

Another example was the percentage of time caregivers spent in different activities and face-to-face 

conversations. For instance, the most striking differences found amongst the nurses-in-charge were 

between the ICU of Hospital A and the medical ward of hospital B. In the former, they spent 71% in 

face-to-face conversations and 12% in electronic communication while in the latter 55% in face-to-

face conversations and 30% in patient care and support (Figure 1). This indicated that the nurse-in-

charge in the ICU had a purely managerial role since the ward had a lot of beds and one nurse was 

taking care of 1-2 patients while the same role in the medical role was a lot more involved in patient 

care as one nurse was taking care of 6 to 8 patients. The average duration of conversations for the NIC 

in hospital A – 57 seconds, was also a lot longer than the NIC in hospital B whose conversations were 

only half as long with an average duration of 26 seconds. This showed how the environment in 

hospital B was more dynamic than in hospital A revealing further differences in work process and 

activities. 

To test for significant differences between time spent in care activities by the same role across wards, 

duration of conversations and walking distances, an ANOVA statistical test was conducted 

individually for each role. Duration of activities, conversations and total walking distance of 

individual caregivers were used as dependent variables and were tested in three separate models. The 

ward was used as an independent variable. 
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Significant differences between duration of care activities were found for doctors, nurses and the 

nurse-in-charge but there were no significant differences for the other three roles - consultants, 

physiotherapists and nursing assistants (Table 1). There were statistically significant differences 

between duration of conversations for nurses and the nurse-in-charge and significant differences in 

length of walking were found only for nurses. These results meant that no matter whether one was a 

physiotherapist in the ICU of hospitals A, B or C, the duration of their activities could be very similar. 

On the other hand, being a nurse in any of the intensive care units or the nursing wards did make a 

difference. This indicated that the spatial layout as a measure directly associated with length of 

walking  (Seo et al, 2010) influenced nurses the most while it did not affect consultants, 

physiotherapist or the nursing assistants.  

Results from statistical analysis showed that there were differences between the amounts of time same 

roles in different case studies spent in various activities. The following section investigates whether 

these differences were a result of the spatial configuration of the ward. 

 

NA 

 

25s 

 

20s 

 

consultant 50s  

NIC 57s 26s 

nurse 30s 29s 

doctor 59s  

Figure 1 Percentage of time spent in different activities and average duration of conversations (in seconds) split by roles 
in the ICU of hospital A (left) and the nursing ward of hospital B (right) 
 

Role Duration of  
activities 

Duration of 
conversations 

Walking distance 

Doctor .000** .072 .242 
Nurse .000** .000** .006** 
Nurse-in-charge .003** .000** .667 
Consultant .629 .928 - 
Physiotherapist .180 .362 - 
Nursing assistant .529 .544 - 
 
Table 1 Results for p-value from ANOVA statistical test testing for significant differences in same role across case 
studies. *p <= 0.05 – significant differences; **p <= 0.01 – highly significant differences 

5.2 SPATIAL ANALYSIS AND SPACE USE PATTERNS 

The two wards of hospital B had the highest connectivity values and were the two units that had the 

largest and fattest open spaces compared to all other wards (Figure 2). The nursing ward at hospital A 

was the deepest with a maximum MD = 6.2 and the least integrated due to the complex layout shape 

combined with a large number of single rooms. The shallowest wards with the highest integration 

values and lowest mean depth values were the ICU of hospital C and the nursing ward of hospital B. 

These two wards also had one of the highest intelligibility R-square values with R2=.85 for the ICU 

and R2=.79 for the nursing ward. This is as a result of the simplicity of the layout with a highly 

integrated main corridor that serves as a spine and connects all bays, patient beds and ancillary 
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functions. The openness of the ward seemed to be less of importance since the ward with the highest 

intelligibility value was the nursing ward in hospital C with R2=.86 and 100% single patient rooms. 

Moreover, even though most of the spaces in the intensive care unit of hospital B were large and open, 

the ward was less integrated. In fact, the intelligibility of the ward is the lowest and all of these were 

as a result of the lack of a central spinal corridor due to the complicated spatial structure.  

In conclusion, those wards with a simple, identifiable corridor structure were the most integrated with 

the highest intelligibility values. They also have relatively segregated spaces providing overall a large 

variety of spaces - some more segregated thus quieter and private and some more integrated thus 

busier and more public. On the other hand, those wards with more complicated spatial structure in 

combination with enclosed spaces were less integrated and with lower R2 values for intelligibility. No 

particular differences were found between the spatial configuration of intensive care units and nursing 

wards in all three hospitals. 

 

 
Hospital A ICU 

Intelligibility R2 = .53 

 
Hospital A Nursing Ward 

Intelligibility R2 = .44 

 
 Min Ave Max SD  Min Ave Max SD 

Conn 1 240 700 139  1 134 470 98 

Int 2.30 4.41 8.39 1.16  1.77 3.09 5.53 0.71 

MD  3.3 5.1 0.59   4.2 6.2 0.72 

 
Hospital B ICU 

Intelligibility R2 = .35 

 

 
Hospital B Nursing Ward 

Intelligibility R2 = .79 

 
 Min Ave Max SD  Min Ave Max SD 

Conn 1 361 1000 240  1 330 1000 201 

Int 2.27 4.24 7.10 0.86  2.43 5.94 11.11 1.86 

MD  3.3 5 0.48   2.6 4.6 0.58 
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Hospital C ICU 

Intelligibility R2 = .85 

 

 
Hospital C Nursing Ward 

Intelligibility R2 = .86 

 Min Ave Max SD  Min Ave Max SD 

Conn 1 224 560 162  1 195 658 136 

Int 2.38 5.67 10.50 2.00  2.24 4.80 9.68 1.41 

MD  2.5 4.3 0.57   3.0 5.0 0.56 

Figure 2 Visualisation of integration for all six wards using Depthmap classic colour range and basic information about 
connectivity, integration and mean depth 
 

A statistical model was then used to test the relationship between the spatial configuration of the 

wards and caregiver’s space use patterns. Frequency and duration of space usage were calculated from 

direct observation of activities. These two metrics were used as dependent variables. Three spatial 

measures – connectivity, integration and mean depth, were used as independent variables and each of 

the dependent variables was tested separately for statistical dependency.  

 

The following hypothesis was tested with regards to space usage: 

H1a: The higher the average connectivity / integration / mean depth of a space, the more often it was used. 

H1b: The higher the average connectivity / integration / mean depth of a space, the longer it was used. 

 

The distribution of frequency of space usage for all wards followed a negative binomial distribution 

curve where 55-60% of all spaces were used 1-25 times per day and then frequency decreased 

dramatically. The distribution of duration followed the same curve with 90% probability to use a 

space for a total of 17 minutes and 80% probability to use it for a longer period of time. The 

conditional variance of the two dependent variables exceeded their conditional mean for all case 

studies, which meant that the data was over dispersed. Therefore, negative binomial regression was 

used as it is a statistical model that accounts for over dispersion and is usually applied to count data. 

Results from the statistical analysis are presented in Tables 2a and 2b. To compare the models within 

each case study the maximum log likelihood was used which examined the fit of different 

coefficients. Because one wants to maximise the log likelihood, the higher the value the better. 

Alongside the coefficients, the IRR (incidence rate ratio) was calculated only for statistically 

significant results, which was then used to present the findings as percentages.  

All three spatial variables produced highly significant results (p=0.000) and influenced frequency of 

space usage positively (negatively for mean depth) except for the intensive care unit in Hospital B 

where no statistically significant results were found. This meant that the higher the spatial value of a 

space the more frequently it was used. In all five cases with significant results, the maximum log 

likelihood was produced by the models containing integration. This meant that of the three different  
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  Hospital A ICU  Hospital B ICU  Hospital C ICU 

  Coef. P value IRR  Coef. P value IRR  Coef. P value IRR 
             
meanCONN  .004 .000 1.00  .002 .111 -  .005 .000 1.00 

Log likelihood   -217.66    -108.29    -126.88  
             
meanINT  .824 .000 2.28  .244 .452 -  .485 .000 1.62 

Log likelihood   -204.52    -109.22    -124.88  
             
meanMD  -1.62 .000 .20  -.73 .227 -  -1.92 .000 0.15 

Log likelihood   -206.89    -108.93    -126.00  
 

  Hospital A NW  Hospital B NW  Hospital C NW 

  Coef. P value IRR  Coef. P value IRR  Coef. P value IRR 
             
meanCONN  .007 .000 1.01  .004 .000 1.00  .004 .000 1.00 

Log likelihood   -190.10    -208.04    -129.00  
             
meanINT  1.136 .000 3.11  .483 .000 1.62  .419 .000 1.52 

Log likelihood   -186.91    -205.61    -126.58  
             
meanMD  -1.43 .000 0.24  -1.84 .000 .159  -1.67 .000 .19 

Log likelihood   -187.72    -209.05    -127.40  
 
Table 2a Results from statistical analysis for frequency of space usage 
 

  Hospital A ICU  Hospital B ICU  Hospital C ICU 

  Coef. P value IRR  Coef. P value IRR  Coef. P value IRR 
             
meanCONN  -.001 .633 -  .004 .014 1.00  .007 .000 1.01 

Log likelihood   -472.36    -230.63    -242.01  
             
meanINT  .161 .385 -  .088 .878 -  .65 .001 1.92 

Log likelihood   -472.09    -233.24    -245.33  
             
meanMD  -.307 .385 -  -.720 .544 -  -2.57 .000 .08 

Log likelihood   -472.11    -233.07    -243.38  
 

  Hospital A NW  Hospital B NW  Hospital C NW 

  Coef. P value IRR  Coef. P value IRR  Coef. P value IRR 
             
meanCONN  .002 .169 -  .003 .001 1.00  .006 .000 1.01 

Log likelihood   -381.88    -370.78    -243.78  
             
meanINT  .543 .030 -  .479 .000 1.62  .589 .002 1.80 

Log likelihood   -380.18    -367.94    -246.35  
             
meanMD  -1.50 .059 -  -1.98 .000 .139  -2.44 .000 .09 

Log likelihood   -380.04    -368.80    -244.38  
	
Table 2b Results from statistical analysis for duration of space usage 
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spatial measures, integration was the best predictor of space usage. Results for Hospital A ICU 

showed that if everything else was kept stable, with every one unit increase in integration, there was a 

128% increase in space usage, the same relationship for Hospital C ICU showed a 62% increase, for 

Hospital A nursing ward 211%, for Hospital B nursing ward 62% and Hospital C nursing ward 52%. 

It can be concluded that the layout of the nursing ward in Hospital A had the biggest impact on 

frequency of space usage followed by the intensive care unit of the same hospital. The lack of any 

significant results in the ICU of Hospital B could be explained by the fact that caregivers mostly spent 

their time in bays with relatively less movement compared to the other wards as they walked the 

shortest distance per day with an average of 2.61km (range: 2.61km – 6.58km) and they also spent the 

least amount of time in walking – 4% (range: 4%-11%). The integration analysis identified the 

corridor of the ward as the most integrated space however it was not used as much as a main corridor 

would be (it was used only 1% of the time compared to the ICU in Hospital A where the corridor was 

used 13% of the time) and most of the work processes took place around the nursing stations (used 

42% of the time) and patient beds (used 51% of the time). 

Results for duration of space usage showed a different picture. No significant differences were found 

for the two wards in Hospital A. Only connectivity affected duration of space usage in the ICU of 

Hospital B. On the other hand, all three spatial variables produced highly significant results and 

influenced duration of space usage positively in the rest of the wards. This meant that the higher the 

average spatial value of a space the longer it was used. The maximum log likelihood for the nursing 

ward in Hospital B was produced by the model containing integration while for the two units in 

Hospital C - by connectivity. Results for the nursing ward of Hospital B showed that if everything else 

was kept stable, with every one unit increase of integration, there was a 62% increase in the length of 

space usage while results for the ICU and nursing ward of Hospital C showed 92% and 80% 

respectively. It can be concluded that the ICU of Hospital C had the biggest impact on the length of 

space usage followed by the nursing ward in the same unit.  

 

HYPOTHESIS A 

ICU 

A 

NW 

B 

ICU 

B 

NW 

C 

ICU 

C 

NW 

H1a: A space was used more frequently: 

1) the higher the connectivity of the space + + - + + + 

2) the higher the integration of the space + + - + + + 

3) the higher the mean depth of the space + + - + + + 

H1b: A space was used for longer 

1) the higher the connectivity of the space - - + + + + 

2) the higher the integration of the space - - - + + + 

3) the higher the mean depth of the space - - - + + + 

Table 3 Summary of results for hypothesis testing for integration and space usage 
 

Table 3 summarised results from the hypothesis testing for each case study. A ‘+’ sign indicated that 

the hypothesis was proved and a ‘-‘ sign that it was not proved. A red sign indicated the best predictor 

out of the three spatial measures. It can be concluded that the three measures produced highly 

significant results for three of the wards – the nursing wards of Hospital B and C and the ICU of 
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Hospital C which were the ones with simpler spatial configuration - a main straight or L-shaped 

corridor and patient and staff facilities on both sides, with highest intelligibility values ( > .79; range 

.35 - .86) and higher average integration of spaces ( > 4.80; range 3.09 - 5.94). On the other hand, the 

wards with more complicated structure produced mixed results. The ward with the lowest 

intelligibility - the ICU of Hospital B (0.35) and second to last integration (ave = 4.24) did not 

produce any significant results (except for duration of space usage and connectivity). In the two 

racetrack wards in Hospital A, spatial measures influenced frequency of space usage. 

5.3 ORGANISATIONAL BEHAVIOURS AND QUALITY OF CARE 

In order to investigate how staff exchange information and whether their team communication is more 

democratic or more hierarchical, the social network measure betweenness centrality was used. The 

measure is illustrated on Figure 3. The graph illustrates a daily network of communication patterns 

between caregivers in one of the wards. A node represents a person and the colour indicates their role 

where red is a doctor and blue is a nurse. A link (tie) between the nodes shows who communicated 

with whom and the size of the node indicated their betweenness centrality. Suppose that junior doctor 

X wants to influence the decision of the nurse-in-charge Y by sending them information but according 

to the bureaucratic hierarchy of the ward, in order to talk to them, the doctor must go through 

consultant Z. The consultant however could delay the information or even prevent the request from 

getting through. This gives the person who lies “between” the doctor and the nurse-in-charge power 

with respect to the consultant. Thus, betweenness centrality is a measure of the centrality of individual 

actors based on how they are positioned and on how many shortest paths between other actors they 

lie.  

	
Figure 3 Daily network of communication patterns between caregivers in one of the case studies. The size of the nodes 
shows their betweenness centrality and the colour – their professional role where red is a doctor, blue is a nurse and 
black is other. 
	

Values of betweenness centrality for caregivers based on daily communication networks were 

calculated and plotted on a graph for every case study (Figure 4). Different days are shown in 
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different colours and every circle on the graph represents one person.  The measure is normalised so 

the values are comparable across cases and vary between 1 and 100.  Betweenness centrality indicated 

that the nursing ward in hospital A had one of the highest values for all days with a maximum of 79 

for the most influential actor (Figure 4). In fact, there were four more days where the maximum value 

reached 60-70. The difference between the first 2-3 people and the rest was also large and for 

example, on one of the observed days, betweenness jumped from 58 to 31 to 1 and then 0 for the 

remaining 11 participants. The maximum value for the ICU at hospital A was lower with a maximum 

of 27.7 however in more than half of the days it reached levels above 20. The difference between the 

first few people and the rest was less pronounced thus betweenness was more equally distributed. The 

intensive care units at hospital B and C had a couple of days with very high betweenness values 

reaching 45 and 100 for hospital B and 24 and 33 for hospital C. These were days when major 

accidents or unusual events happened. Excluding those days, the maximum value dropped 

significantly reaching only 10 for hospital B and 12 for hospital C. The distribution of betweenness 

was also less steep with an almost flat slope for hospital C.  

The nursing ward in hospital B represented an interesting case. First, this was the ward where staff 

members and in particular doctors were less willing to cooperate. When one of the doctors was 

approached and the purpose of the study was explained he replied ironically “I am a Buddhist and I 

stay in my office all the time and think” meaning that it was clear he communicated with other 

caregivers, why would somebody study this topic. This already indicated a negative atmosphere. Out 

of the 6 observation days where caregivers were asked to participate in the study, data was missing for 

more than half of the badges for three days (on these days data were collected from only 3 to 5 

people). Since the same devices were used for data collection in the rest of the cases, the possibility of 

using them broken was excluded. This meant that either caregivers did not wear them deliberately or 

they did not communicate with any of the other participants who wore devices. Maximum 

betweenness ranged from 71 to 100, which makes the ward the one with the highest results. In 

addition, the slope was steep with only 1 or 2 people with very high betweenness and the rest with a 

value of 0. 

 

	
Hospital A ICU 

 

Hospital A Nursing Ward 

 
Max norm range = 8.2-27.7; Ave norm range = 2.1-4.9 Max norm range = 29-79; Ave norm range = 4.9-10.7 

Hospital B ICU Hospital B Nursing Ward 
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Max norm range = 6.7-100; Ave norm range = 2.4-7..7 Max norm range = 71-100; Ave norm range = 8.2-33.3 

Hospital C ICU 

 

Hospital C Nursing Ward 

 

Max norm range = 1.8-33.3; Ave norm range = 0.45-5.25  
Figure 4 Betweenness centrality per day for all participants in each case study, ordered by rising values. The colour in 
each graphs represents a different day. 
 

Results from the staff survey across all cases showed that overall caregivers were happy with their 

teamwork and communication with an average rating ranging from 5.8 to 6.8 (7 being the maximum 

and 1 the minimum). However, it was interesting to look at the number and depth of the troughs 

formed by each individual answer (Figure 5). The nursing ward in Hospital B followed by the nursing 

ward in Hospital A had the highest number of lower ratings. Moreover, some of these answers 

especially in hospital B were given by senior members of staff who have been with the hospital for 

more than 10 years.  

I feel part of a team where I work 
Rated on a scale from 1 (strongly disagree) to 7 (strongly agree) 

 

There is good communication in my department 
Rated on a scale from 1 (strongly disagree) to 7 (strongly agree) 

 
Number of Respondents: 

85 57 45 46 36 40 

Figure 5 Results from staff survey in the six case studies 
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In summary, the ICU in hospital C had the most democratic team structure, followed by the ICU in 

hospitals B with low values for betweenness centrality and in general no greater difference between 

members of staff. The nursing ward in hospital B followed by the nursing ward of hospital A had the 

most hierarchical structure with high values for betweenness and a great difference between the first 

couple of people and the rest of the staff meaning that those at the top were the ones who controlled 

most of the information and thus had higher power levels. The ICU in hospital A stayed in between 

the two extremes with high betweenness but also more equally distributed values. 

6. DISCUSSION 

Results in previous sections showed that there were differences in work processes across the same 

role in different case studies especially for nurses. This meant that either the layout or another factor 

such as team culture or organisational procedures made a difference for caregivers. It was also shown 

that the spatial configuration of those wards that had a simple layout with a main spinal corridor 

influenced frequency and duration of space usage. The following chapter brings together all results in 

an attempt to generalize and establish a potential link between the spatial configuration of wards, care 

processes and quality of care. 

 
Table 4 Summary of results 
	

Table 4 summarizes the results for each case study. The first column includes all six case studies 

followed by ten columns each one of which lists a different variable. Those column’s titles 

highlighted in orange represent spatial variables, those in purple – behavioural, and the column with a 

green title shows results from the staff satisfaction survey. All columns are sorted by intelligibility 

starting from the most intelligible ward to the least intelligible one. Warmer colours in each column 

indicate higher values and cooler colours – lower values. Actual values for each measure are listed in 

every column except for ‘Hierarchy’ where wards were giving a ranking from ‘the most hierarchical 

one’ = 1 to ‘the most democratic one’ = 5. 

The table shows that the higher the intelligibility of a ward the shorter the duration of activities and 

conversations tend to be i.e. the more dynamic the ward, the less hierarchical the team structure and 

thus the better teamwork and communication. What caregivers mentioned during the data collection 

process was that they preferred to be busy because they felt more useful. This supported the argument 

that dynamic work process may help staff members to be more satisfied with their job. The only 

exception was the ICU of hospital B, which had the lowest intelligibility value and the maximum 

average duration of activities and communication but still it was less hierarchical and had relatively 

high teamwork and communication rating. This was the only ward, where connectivity and integration 

of individual spaces did not affect frequency and duration of space usage, which may explain the odd 

ranking. It should be also noted that the link was clearly pronounced for the first five variables 

however ‘Hierarchy’ and ‘Teamwork’ were less clearly related. Integration gave somewhat similar 
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results to intelligibility however if the table was sorted by this variable the link between factors would 

be less clear thus it was concluded that intelligibility was a better predictor. Size seemed to have an 

effect too with smaller wards being more intelligible except for the ICU in Hospital B, which was 

relatively small in terms of patient beds but least intelligible. This was because of the buildings added 

to the existing ward to house administrative functions. The last three measures – connectivity, mean 

depth and walking distance separated from the main table with a black line were those that did not 

show any relationship to the rest of the measures.  

7. CONCLUSIONS & LIMITATIONS 

This study investigated the relationship between the spatial configuration of hospital wards, care 

processes and potential healthcare outcomes. Spatial intelligibility seemed to play a role in caregiver’s 

work processes, team structure and staff satisfaction and the higher the intelligibility of a ward i.e. the 

simpler and more understandable the ward layout, the better the outcome. On the other hand, the size 

of spaces i.e. bigger and fatter, which was measured by connectivity, seemed to have no clear effect 

on behaviours. In addition, similarly to findings by Thompson and Goldin (1975), size did not 

influence walking distance and the bigger the ward did not necessarily mean the longer the walking 

distance. However, nursing wards had in general longer walking distances than intensive care units 

because of the nurse to patient ratio. No other distinct differences were found between the two types 

of wards.  

Some limitations of the present study should be also mentioned. Few instances were used as a 

dependent variable in the ANOVA test for walking distance and a larger sample would provide more 

precise results. Also, a multiple comparison showed that there were no differences between all case 

studies and the significant result was driven by some very strong differences between some of the 

cases. In general, badge data were missing from all case studies because some devices broke during 

data collection or caregivers did not wear them on purpose. Such a lack of data does not favour social 

network analysis and calculation of metrics such as betweenness, which may have been affected if a 

key player was missing from the data collected for the study. The staff satisfaction survey had high 

ratings overall and may not be suitable for a comparison between cases. Future studies could 

investigate the link to healthcare quality by obtaining more staff and patient outcome data either from 

the hospital or a healthcare quality regulatory body. Data can also be analysed on an individual level 

rather than a ward level using a statistical model. Finally, only six case studies were used to establish 

relationship between the three areas of interest, which is not enough for proper statistical analysis. 

Future studies should include more cases with both more complex and simpler layouts to further 

investigate the findings of this study and with better-controlled matching conditions such as size, year 

of construction, the number of beds, and unit types.  

This paper provided insights into the everyday life of caregivers and into the understanding of ward 

activities, communication patterns and ward outcomes. It showed how intelligibility was a key 

measure of this quest to understand layout complexities, social dynamics and healthcare quality. 
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