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INTRODUCTION

ABSTRACT

Space occupancy is acknowledged as a parameter that affects communication, teamwork,
and behavior patterns in healthcare settings. This research aims to understand the patterns of
space occupancy in two Inpatient Units (IU) with differing indoor environments concerning
configuration and morphology. In order to understand and explain the variations in patterns
of occupancy, a combination of qualitative and quantitative methods is employed to assess
spatial analytics metrics such as visibility, accessibility, and physical proximity. These methods
are crucial in providing a comprehensive understanding of the complex relationship between
space occupancy and interactions among staft in healthcare settings. The results suggest that
different spatial layouts in healthcare buildings affect the patterns of space occupancy and
routes preferred by healthcare staff. Even though there are differences between morphologies
of the two units studied, the research found that particular segments within corridors in
relation to staff-related areas like nurse rooms, nurse stations, and med-preparation rooms
affected patterns of space occupancy and movement in healthcare settings. This study may
give a broader understanding on the impact of layout morphologies and the configuration and
allocation of programmatic elements within layouts of medical surgical units.

Cite this article as: Yildizoglu, N. & Kasali, A. (2025). Layout configuration and occupancy
in healthcare indoors: A case study in a Turkish research hospital. Megaron, 20(3), 361-375.

shows that the design of healthcare environments may
lead to several negative consequences, including medical

The characteristics of physical environments in healthcare
settings can influence various facets of the healthcare
experience, impacting physical, psychological, and even
behavioral aspects in positive or negative ways (Codinhoto
et al.,, 2009; Ulrich et al., 2008; Zhang et al., 2019). Research
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errors, heightened stress levels, fatigue, burnout, job
dissatisfaction and frequent interruptions (Coiera et
al., 2002; Donchin et al., 2003; Tyson et al., 2002). Also,
research indicates that healthcare settings can foster better
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outcomes, including enhanced improved communication,
staff performance, and more effective interaction patterns
between patients and medical staft (Cai & Zimring, 2012;
Devlin & Arneill, 2003; Ulrich et al., 2008). The layout
organization within healthcare environments, and the
allocation of programmatic components in particular, have
an impact on both staff and patient outcomes in various
ways (Codinhoto et al., 2009; Lim et al., 2020; Ulrich et al.,
2008). The claim is that an effective spatial arrangement
enhances the operation of a healthcare facility, resulting in
improved service quality and greater patient satisfaction
(Hendrich, 2003; Trinkoff et al., 2005; Zhu & Shepley,
2022). At the same time, healthcare indoors can influence
the healing experience of users by facilitating interactions
and communication among staff as well as between staff
and patients (Cai, 2012; Shepley, 2002).

There are various formulations to study the impact of
layouts in healthcare environments. The research into the
patterns of space occupancy which involves the presence of
inhabitants in space (Gomez-Zamora et al., 2019; Tomé et
al., 2015) becomes increasingly important as the specifics
of occupancy are considered to influence key parameters
including safety (Ampt et al., 2008; Iyendo et al., 2016;
Joseph, 2006; Shepley et al., 2022), staff communication
(Cai & Zimring, 2012) and healthcare-related outcomes
(Lu et al,, 2009; Sailer et al., 2013; Zhang et al.,, 2019). The
related literature suggests links between space occupancy,
efficiency and inhabitants’ satisfaction in healthcare
environments (Haron et al., 2012). The central hypothesis
in these studies, which reflects a transactional perspective,
is that various configurations of built environments affect
behavior in space, which in turn influence the quality of
services in healthcare.

In Turkey, the design and spatial planning of healthcare
environments are established in accordance with national
standards and guidelines published by the Ministry of
Health of Turkey. These guidelines define the functional,
technical and hygienic requirements of healthcare facilities,
as well as determining the institutional framework of design
decisions. Also, with the Ministry of Health's Inpatient
Healthcare Facilities Planning Guide (2011), the current
status of hospitals is clearly presented and future goals are
determined (Cansever & Gokkaya, 2022). The intention
with this investigation is to provide empirical support for
developing improved and enhanced guidance in designing
safe and efficient healthcare environments in the context of
Turkish Healthcare System.

While there is research to account for the perception
and evaluation of the built environment from patients’
perspective in Turkish Health System (THS) (Ergenoglu &
Tanritanir, 2013), the current paper primarily focuses on
the activities of nurses who are considered as major actors
in healthcare facilities. Recognizing the key role of nurses

in delivering care, the current paper aims at providing
a perspective to consider and evaluate the allocation
of particular programmatic elements (nurse stations,
medication room, and nurse room) and the potential
impact of spatial configuration on space occupancy in the
context of a research hospital. The study specifically targets
corridors within inpatient units, exploring two medical-
surgical units that feature distinct spatial arrangements, and
highlights the contrasts and comparisons between them.
The field study took place in a large-scale state hospital in
Turkey, where a continuous effort is observed to increase
the bed capacity through public-private-partnership
model. Accordingly, with this research, the intention is to
contribute to the existing literature and to develop guidance
concerning the organization of inpatient units in the
context of THS.

The major research questions are:

1. What are the most frequently occupied areas by nurses
in medical-surgical inpatient units?

2. How do the occupancy levels differ across the indoors
of medical-surgical units with varying layouts?

3. How do certain program elements, including nursing
stations, medication rooms, and nurse rooms, relate to
the frequently occupied areas in medical-surgical units?

BACKGROUND

The modern hospital building, indoor areas in particular,
has been a frequent ground for academic investigations
starting from the second half of the 20th century. In order to
understand how healthcare facilities function, researchers
have elaborated on the issues of safety, efficiency, and
supervision. Exploring the connection between the qualities
of built environments and human behavior, one strong
strand within healthcare research deals with the complex
relationship between the spatial layout and the occupancy
and movement patterns of users in healthcare facilities
which are considered to be strong program buildings
(Pachilova & Sailer, 2020; Rashid, 2009).

The patterns of occupancy in space, in this context, refers
to “the simultaneous existence of inhabitants against the
spatial configuration of boundaries accessed by them,
whereas the movement patterns “describe the users’ spatial
trajectories during their interaction with the spatial setting”
(Tomé et al.,, 2015). These two concepts, namely occupancy
and movement, are strongly linked as inhabitants
activities, including walking, gathering, encountering, and
interacting, generate space occupancy patterns in buildings
(Gomez-Zamora et al., 2019).

There is a growing body of research on healthcare indoors
to report that both positive and negative outcomes can be
influenced by spatial layout and configuration in relation
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to spatial occupancy (Haron et al., 2012; Ulrich et al., 2008;
Weick & Sutcliffe, 2003). As the causal argument goes,
the architecture of healthcare buildings influences the
occupancy and movement patterns of inhabitants, which in
turn affect awareness, communication, and coordination in
space, which are key parameters that impact the quality of
care in healthcare settings (Gharaveis et al., 2018; Pachilova
& Sailer, 2015). Pachilova and Sailer (2020) studied how
hospital ward design affects quality-of-care ratings. They
found that the layout impacts visibility and communication
for healthcare workers, emphasizing the importance of open
areas for staff moving between key locations (Pachilova &
Sailer, 2020).

The studies that focus on the spatial dimension of nursing
practices repeatedly emphasize the key role of circulation
areas in healthcare environments (Jiang & Verderber, 2017).
From a particular perspective concerning wayfinding in
hospitals, there is a growing body of literature to suggest
that the organization of corridors influence wayfinding
decisions of users (Aksoy et al., 2020). There is also
other forms of research to recognize particular aspects
of corridors and hallways (Allison, 2007; Edgerton et
al., 2010), which may take up to 40% of the floor area in
healthcare facilities (Carthey, 2008). However, to better
understand the role of circulation zones in varying contexts,
there is a need for more in-depth investigations. With the
aim to inform the design of future healthcare spaces in the
context of THS which is constantly expanding in the last
decade, the current paper examines the potential impact of
spatial configuration on space occupancy and assesses the
allocation of particular programmatic elements within two
medical surgical units including nurse stations, medication
rooms, and nurse rooms.

RESEARCH DESIGN AND METHODS

Settings

The research was conducted in inpatient units within a
state-owned training and research hospital. Two general
surgery inpatient units (GSIU) were included based on
variations within floor layouts and their availability. There
is no difference in the patient characteristics of patients to
be admitted to these two units, namely Case 1 and Case
2, where the nurse-to-patient ratio is 1/10 for both units.
While the ratios are considered high compared to Western
standards, the numbers and workload represent the
situation in a typical state-owned hospital in Turkey.

The two units are located in the same building within the
Hospital Campus. The layout properties, however, display
certain differences at various scales. Case 1 is considered as a
race-track typology with the patient rooms on the perimeter,
whereas the center of the layout was equipped with service
and staft-related areas. Case 2 can be regarded as an L-shaped
corridor typology; the patient rooms were organized on the
perimeter of the floor plan, whereas the staff-related areas
were distributed within the unit (Figure 1). In Case 1, the
medication preparation room, nurse station, nurse room and
treatment room are in close proximity and located around
the center of the unit layout, while these particular rooms
are not clustered in Case 2. In Case 2, nurse station and
treatment room are located at the center of the unit, whereas
the medication preparation room and nurse room are set
apart from the central nurse station.

Thereisapool of 70 nurses to provide care in shifts for the two
units. All nurses report to the same Chief Nursing Officer
for the GSIU services, who follow a flexible assignment
strategy. The nursing roster includes individuals ranging
from interns who are currently enrolled at the College of
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Figure 1. Schematic layouts of case studies.
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Nursing of the same university to Registered Nurses with
more than 20 years of experience. The same group of nurses,
under the same administrative body, provide care for the
patients with similar clinical characteristics, which -we
presume- leaves the configuration of space as the primary
variable to impact space occupancy and related parameters
under focus for this research.

Methods

This study follows a mixed-method strategy including, a
series of field observations, a survey and off-site techniques
to analyze the layouts. Permission from the Ethics
Committee of the university was granted prior to the
initiation of the field research protocol at the hospital.

Observations: The primary field strategy of this research involved
observations that were used to develop insights into nurses'
space occupancy and movement by recording the activities of
staff members during their daily routines within the two units.
To understand the occupancy dynamics in the inpatient units,
two types of field observations were used: Location mapping
observations (LMO) and nurse activity observations (NAO).
Each observation type was conducted for 10 days -mornings
and afternoons- for each unit. The total number of recordings
for LMO was 105 observation recordings at Case 1, and 115
observation recordings at Case 2, while the overall recordings for
NAO were 51 observation sessions at Case 1, and 49 observation
recordings at Case 2 (Table 1).

LMO protocol was carried out by recording the locations of
occupants by taking a single tour along a pre-determined
route 10-12 times a day. The route mainly followed the
corridor of the units from end-to-end, and the field
researcher digitally recorded the locations of the staff without
entering the patient rooms. The LMO recordings included
both activities and the exact locations of the nurses.

The obtained plan with LMO recordings was analyzed in
detail with a specialized plan analyzer plugin, which is
built specially for this task by using Rhino 3D API and C#
programming language. The intention was to develop a
unified form of representation for both types of observations
and space syntax analysis to allow better comparison for the
floor plans studied. To create a template for analysis, first,
the layout that included the observation data was imported
into the Rhino software. The unit layouts were overlapped
with a 60 cm by 60 cm cell grid, which generated the

Table 1. The total number of observation recordings

template for analysis (Figure 2). Second, a plan analyzer
plugin was employed to detect staff location recordings on
layouts through circle shapes. Next, upon detection process,
the cells of the grid automatically generated the counts of
the categorized staft traces on the layout.

The layout grid, then, was converted into a colored heat
map based on the results from the plan analyzer plugin. The
extracted heat maps —-which represented the observation
data for each case — were organized through 5 colors - red
to blue- where red cells displayed the most occupied areas
and blue cells represented relatively less occupied areas
on the floor plan (Figure 3). As presented in the findings
section, the data set was also analyzed by calculating the
ratio of accumulation of areas with respect to the total area
of the floor plan.

Each NAO entry, on the other hand, included movement
records of a single nurse for ten minutes, conducted five to
seven times a day. For each NAO recording entry, a different
nurse was inconspicuously followed (Figure 4). Data
collected from both NAO and LMO were then gathered and
tabulated on floor plans to understand the accumulation of
space occupancy in spatial layout.

Space Syntax: Space syntax analysis was used to better
understand the configuration in the inpatient units. Using
the space syntax method, the floor plan of the inpatient
unit was analyzed via visual graph analysis (VGA), which
examines the availability and accessibility of space visually
throughout the entire spatial system, considering all edges.
The same grid of 60cm by 60cm is employed in processing
the syntax analysis, which helps to identify particular zones
with high levels of visibility and/or integration within the
two case studies. The graphics from the syntax analysis
provided a ground for understanding the highly visible
areas in the units, which in turn helped us to discuss the
results from the two types of observation mappings.

Survey: The field strategies included a survey aimed at better
understanding the daily routines concerning care delivery
and perceptions of nurses in units. The survey was designed
as a paper-based questionnaire with multiple-choice and
open-ended questions, along with a drawing task that
asked the nurses to draw their most frequently used routes
in the units. The intention of the survey was to assess the
perspectives of nurse practitioners at units in relation to the
research agenda. The survey part of the research protocol

Number of Observation Records Location Mapping Nurse Activity
Observation (LMO) Observation (NAO)
AM PM Total Records AM PM Total Records
Case 1 51 54 105 25 26 51
Case 2 59 56 115 24 25 49
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Figure 2. Detecting counts of the categorized staff traces.

Heat Scale of the Color

Figure 3. Extracted heat map.

did not undergo validity or reliability processes. However,
two experienced nurses, one being an academic and the
other a practitioner, acted as consultants in generating the
questions and parts of the survey. Also, a pilot study was
conducted to test the survey administration process on-site.

The survey was conducted with 29 nurses (11 nurses in
Case 1, 18 nurses in Case 2), and it took no more than
ten minutes for each participant. The participant nurses
were asked to respond to the questions with regard
to the unit they were assigned to on the day of survey
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Figure 4. Staff traces of nurse activity mapping in a one session at Case 1.

administration. The survey included four main parts to
gather relevant information at sites. The first part contains
profile questions, including age, job description, gender,
and experience levels. The second part involves questions
to understand nurses' perceptions about their levels of
communication and access to understanding interaction
networks and location and the frequency of interactions
between colleagues. The third part of the survey is
designed to understand the effects of the spatial layout of
the inpatient units on nurses’ space occupancy. The last
part of the survey is the drawing task, which generated
self-reports on staff behavior in the respective units. The
drawing task asked staff to mark their typical routes on a
layout to understand the frequently occupied areas from
nurses’ perspective.

FINDINGS

Observations

Location Mapping Observation (LMO): The data emerging
from the location mapping was initially transferred onto
unit layouts to better understand the occupancy patterns
during shifts. Figure 5, below, visualizes the location records
for both cases. Although there are morphological and
configurational differences between the two units, similar
functional zones were observed to be frequently used by
nurses in each unit, including particular segments of the
corridors and also staff-related areas, including medication
preparation rooms, nurse rooms and nurse stations. Case
1 shows that the intersection of the unit entrance and in
front of the unit secretary hosts an accumulation due
to administrative activities involving patients and their
families. In Case 1, the graphic suggested a difference in the

patterns of occupancy between the southern and northern
corridors of the unit (Figure 5).

Apart from patient rooms, the three components of the
functional program within the units -including nurse
stations, medication preparation rooms, and nurse rooms-
were observed to be densely occupied by nurses. These
areas also introduce a level of overcrowding in certain
zones across the corridors within the two cases. Around
the nurse stations, the staff were observed to interact with
both families and patients seeking information about their
conditions. At the nurse station in Case 2, trainee nurses
were recorded attending the computer stations, which
increased the occupant density around the area.

In each of the units, the medication preparation rooms and
the nurse rooms were observed to be natural attractors for
nurses who were assigned to patients located across the
units. In Case 2, the LMO recordings suggest overcrowding
in and around the medication room and nurse room, which
were located apart from the nursing station, unlike the
configuration in Case 1. Thus, the zones on corridors with
excessive crowding are observed to be stretched for Case 2,
where the nurse station, medication room, and the nurse
room were not clustered around the center of the unit.

Nurse Activity Observation (NAO): The second type
of observation concerning nurse activity indicated an
intersection of a nurse’s movement recordings using the
shadowing method. In line with the location mappings, it
was observed that the similar segments of the corridors at
both units were predominantly occupied by nurses. The
NAO findings for Case 1 (Figure 6) suggest that the nurse
activity recordings mainly cluster around the medication
preparation room (indicated by the green area), nurse
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Figure 6. NAO recordings overlapped in each unit.

station (indicated by the blue area), and the nurse room,
which is parallel to the findings with occupancy recordings.

The graphic above shows that the auxiliary corridors on the
edges in Cases 1 and 2 are less used by nurses for circulation
due to availability of other opportunities of transition
between the main corridors. In Case 2, it was observed that
nurses’ movement created excessive accumulation along the
main corridor since the main corridor of this unit directly
meets the entrance and is the main spine connecting the
entire set of functional areas and the welcoming area.
Moreover, the medication preparation room in Case 2 was
observed to be included as part of the circulation route that
links the northern corridor to the main corridor. The two
doors for the medication room were predominantly open,
and the nurses were observed to be passing through the
area, which was used as a shortcut between the nurse station
and the northern corridor. This observation also applies to
the medication preparation room in Case 1 which also has
access to both northern and southern corridors of the unit.

Space Syntax
Space syntax analysis focused on connectivity analysis
via visual graph analysis (VGA) to understand ‘the visual

accessibility of every location in the spatial system through
the number of edges traversed to get from each to all others’
(Varoudis & Psarra, 2014). Space connectivity analysis
indicated that Case 1 has a visually well-connected spatial
layout design, especially considering the corridor system.
There are four intersection points on the main corridors
that are considered the highest connectivity areas, like
the crossroads of Case 1 (1 and 2 in Figure 7). The nurse
station (3 in Figure 7), which is located at the intersection
point, is the most connected area in the plan. In relation
to the LMO and NAO recordings presented earlier, these
connected areas also emerge as the most densely populated
areas within the unit.

The connectivity analysis suggests that the northern
corridor in Case 2 (Figure 8) has low connectivity levels
compared to the main corridor in the unit, thus providing
a level of isolation for the cluster of rooms facing north.
The main corridor of the unit, on the other hand, seems
to be creating a better-connected spine on which the nurse
station, the medication room, and the nurse room are
aligned. This segment of the corridor system in Case 2 has
the potential to facilitate interactions between staff and
patients, and also visitors.
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Survey

The staff survey results suggest that the nurses regarded
themselves as accessible to co-workers in terms of daily
communication and work-related interactions. The nurses
reported no significant barriers concerning visual and
verbal communication which seemed to contribute to a
level of situational awareness within the team. Most of the
nurses stated that they were knowledgeable about the care
processes of patients who were assigned to other nurses in
the units.

. ,ll///////////‘

According to the survey results obtained on the use of space,
the most preferred areas for communicating with colleagues Wcorcidos =nursestation — [lnurse room
are nurse rooms, which are essential backstage areas for
the mundane needs of staft (Figure 9). However, there is a  Figure 9. The most preferred place to communicate with
slight difference between the two units that a small number  colleagues.

252 patient room
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of participants from Case 2 (13% of nurses) stated that
they mostly preferred corridors to communicate with their
colleagues, while other participants mentioned the nurse
rooms and nurse stations. Contrary to the results obtained
from observations, most of the nurses did not consider
corridors as spaces for care-related communication.

The low number of participants made it difficult to conduct
a deeper analysis beyond descriptive statistics. The drawing
task within the survey, on the other hand, provided us
with insights concerning occupants’ perspective. The task
requested nurses to mark their frequent routes during
the shifts on a unit layout. The gathered data shows that

nurses preferred similar destination points and routes
in each unit. The findings from the drawing task indicate
that the medication preparation area, represented in green,
is the primary destination for both units. As shown in
Figure 10 which represents two sample drawings from two
participants, the medication preparation room at both units
were emphasized as both a destination and a transition area
(a by-pass passage) between the corridors within the units.

Key Findings
1. The LMO and NAO recordings suggest that the
allocation of the three key areas within the units,

Case 2

1 NURSE STATION

2 NURSE ROOM

3 MED. PREP. ROOM

Figure 10. Drawings produced by two participants to show the most frequent routes within units.
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namely the nurse station, the nurse room, and the
medication preparation room, impacts the distribution
of occupancy densities across the corridors. When
these areas are located apart from each other, as in
Case 2, the most densely occupied segment within the
corridor spaces extends to include the route that links
these three rooms. On the other hand, in Case 1, where
the three rooms are clustered around the unit's center,
the nurse activity traces were limited to the core area
that included the nurse station, the nurse room, and
the medication room.

2. The syntax analysis suggested that the nurse stations on
both units were located on the most connected areas
across the units. The most connected area in Case 1
also included the medication preparation room and the
nurse room, thus making the key functional elements on
the floor visually connected. In Case 2, the connectivity
graph suggests a series of disconnected zones with high
levels of connectivity distributed across the floor.

3. According to the observation results, corridors are the
spaces where the nurses spend the majority of their time
during shifts. However, the survey results suggest that the
nurses mainly prefer nurse rooms for communication
concerning care-related issues. In both units, the nurse
rooms offer a level of isolation for nurses to maintain a
level of privacy and confidentiality, which is considered
as vital in a setting with no single-bed patient rooms.

4. The results of the drawing task within the nurse survey
were in line with the NAO recordings. The nurses at
the units are observed to be knowledgeable about the
features of the units they work in, and were able to
illustrate graphically the most frequent routes they
follow on a daily basis.

5. The medication preparation rooms at both units
emerges as one of the key attractors to generate high
levels of occupancy. Both rooms have doors that connect
the major circulation routes within units, thus creating
by-pass passages to be employed by the nurses during
their shifts. Both LMO and NAO observations and the
drawing task provide data to confirm the situation with
the medication preparation rooms.

DISCUSSION

The current section involves an interpretation of findings
concerningthe two cases studied. Thediscussion is presented
through four key functional areas, namely corridors, nurse
stations, nurse rooms and medication preparation rooms,
which emerged as central to the analysis in relation to the
research questions.

Corridors

The results show that the corridors were most frequently
occupied areas by nurses in the two medical-surgical
inpatient units. This may not seem like a novel finding
because, typically, the corridors are acknowledged to be
key areas to provide accessibility, control, and circulation
in healthcare indoor environments (Carthey, 2008). There
is research to suggest that corridors in healthcare settings
are important as these spaces are key in coordination and
communication (Carthey, 2008). The results indicate that
there are specific zones that may contribute to even higher
levels of circulation for certain segments across corridors,
namely nurse room, nurse station, and medication
preparation room. These staff-only areas are positioned
as a cluster -in close proximity- in Case 1, while the
mentioned areas are distributed across the corridor in Case
2. Accordingly, the observation recordings point out to the
difference in circulation densities across corridors that link
these key staff-related areas (Figure 11). Also, the dense
areas within observation mappings seem to overlap with the
zones with high levels of visual connectivity according to
the space syntax analysis. This finding may suggest that the
nurses tend to prefer locations or routes with high visibility.

As mostly emphasized in the literature, the corridors are
favorable places where healthcare staff spend most of their
shift time in a day, so these areas hold the potential to facilitate
various forms of interactions between colleagues (Adams,
2008; Iedema et al., 2006; Pachilova et al., 2013; Setola et al.,
2013). With particular focus on nurses’ movement, a study
by Hendrich et al. (2009) demonstrated that the patient
assignments have a predictable impact on how nurses move
through indoors. While the nurse assignment strategy is
acknowledged to be a variable, the results of the current
study suggest a reconsideration of the adjacencies of certain
programmatic elements, other than patient rooms, which

1 | Nurse Station 2 | Nurse Room 3| Medication Preparation
o T —— ]
{

Case 1

r
1 | Nurse Station 2 | Nurse Room 3 | Medication Preparation

e

Figure 11. The densities of observation recordings at the unit corridors.
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may have an impact on the frequently occupied locations and
patterns of movement. The allocation of the three elements of
the functional program, namely nurse stations, nurse rooms,
and medication preparation rooms, and the proximities
in-between raise further research questions concerning
travel distances, planned and unplanned communication
opportunities among colleagues and patient surveillance.

Yi & Seo (2012), to our knowledge, provide the only study to
specifically focus on walking behavior and draw conclusions
concerning the interrelation between paths that nurses follow
and allocation and proximities for medication preparation
room and nurse stations. They argue that “characteristics of
the path that connects functional spaces such as patient room
and medication area might better {Citation} nurses’ walking
behavior” (Yi & Seo, 2012, p. 66) than the unit shape. In
addition, the study suggests that the frequency of interruptions
—for experienced nurses in particular- was influenced by the
relationship between certain functional areas within units.
While the current paper did not concern with the counts of
unnecessary stops or unplanned interactions, our observations
concur with Yi & Seos (2012) findings that micro-spatial
organization of indoor environments and its influence on
occupancy and movement patterns of nurses emerge as a
critical factor to be further studied.

Nurse Stations

In the context of THS, centralized nurse stations are still
predominantly used in inpatient units as opposed to emerging
progressive models including distributed nurse station layouts.
In Case 1 and 2, the nurse stations were located at the center of
the units and were observed to be frequently occupied by staft
members for a variety of purposes including coordination,
face-to-face or phone-based communication, charting and
related administrative duties. In both cases, nurse stations
create a certain level of occupancy and circulation density
around them which implies the potential for all forms of social
interaction beyond care-related communication.

The literature suggests that centralized nurse stations
positively  contribute to nurse cooperation and
communication (Zborowsky et al.,, 2010). Zborowsky et
al. (2010) emphasize the importance of nurse stations as
“the setting for frequent social interaction and formal and
informal teaching and learning activities”. This situation
is critical for the cases observed in this research in which
the trainee nurses from the College of Nursing were
always present to support care processes during shifts.
The activities in and around the nursing stations within
Case 1 and 2 certainly create an environment where less
experienced members of the group learn by observing the
behaviors, practices and decisions of seasoned nurses.

Other than the nurses of the units, the stations in both Case
1 and 2 were observed to be places inhabited temporarily
by individuals from other departments. Zook et al. (2019)
support the idea that during shifts the unit includes various
temporary staff members, some of whom work in different
parts of the hospital during the day. Integrated work areas
within the unit, especially the stations, facilitate interaction
among these groups, creating temporary communities of
practice. Thus, understanding the patterns of activity for
various participants in and around nursing stations and
considering associated parameters, including proximities to
other areas, levels of visual and acoustical privacy, and access,
becomes critical in the centralized nurse station models.

Nurse Rooms

Considering the communication among colleagues, the
nurse room is the most preferred space in both cases,
according to the survey results (92% of the respondents in
Case 1, 71% in Case 2). Moreover, it is noticeable in the
drawing task that most of the respondents in both cases
preponderantly marked the nurse room as part of their
frequent routes during shifts. The observations also support
the fact that nurse rooms were among the most frequently
occupied areas within the two units (Figure 12).

Case 1

Case 2

Heat Scale of the Color

Figure 12. Heat maps from LMO Data to show densely occupied areas.
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The literature proposes that nurse rooms should be
positioned centrally within the unit and close to the nurse
station (Adams, 2008; Nejati et al., 2016), and providing
facilities for nurses to take respite, thereby potentially
contributing to a positive impact on staff (Zhu & Shepley,
2022). The positioning of nurse rooms within units and
how the nurses utilize these rooms are relatively different
in both cases. The nurse room in Case 1 is used as a break
room for the mundane activities of staff, and its door was
observed to be closed all times during the shift in order
to create a level of privacy. On the other hand, the nurse
room in Case 2 —provided with a computer workstation-
was being used as both a break room and an office. The
healthcare facility regulations in Turkey do not provide
specific guidance concerning the location and utilization
nurse rooms in inpatient units. Although the nurses did
not express any complaints concerning the utilization of
nurse rooms within the two units, it is important to clearly
differentiate between whether the nurse room will serve as
anurse's office or a nurse's break room within the unit.

Medication Preparation Rooms

Keers et al. (2013)’s comprehensive review on medication
administration errors reports eleven research studies that
link occurrence of such adverse events to environmental
features within healthcare facilities. Chaotic, distracting,
and busy environments, for instance, were emphasized as
conditions to cause medication errors. Existing research
suggests that interruptions and distractions that medical
staff experience are likely to increase the chances to result
in errors (Duruk et al., 2016; Fore et al., 2013; Huckels-
Baumgart et al.,, 2021)

The implementation of the “sterile cockpit” strategy in
healthcare has been acknowledged to be an environment-
related improvement to reduce medication administration
errors (Fore et al,, 2013). The model suggests that having
a separate room for medication preparation (Huckels-
Baumgart et al., 2021) and elimination of all forms of
potential distractions and interruptions in inpatient units
result in minimized occurrence of errors. For the cases
observed in this research, the medication preparation rooms
were not located as isolated and distant from the circulation
areas while doors of both rooms in both units were always
observed to be open during the fieldwork. Moreover, in

Cases 1 and 2, the medication preparation area was used as
a transition area between the main corridors, according to
the observational data and the results of the drawing task in
nurse survey. In other words, the medication preparation
rooms in Cases 1 and 2 were among the frequently occupied
areas within the unit as the rooms are being utilized as a by-
pass passage within nurses’ circulation routes (Figure 13).

Huckels-Baumgart et al. (2021)’s observational study
reports that having a separate medication preparation room,
in order to limit frequent interruptions and distractions,
mostly initiated by colleagues, has a positive effect to
decrease medication errors. The suggestion to implement a
separate area reserved for medication preparation is already
implemented in the units studied in this research. The
location and configuration of these areas, and daily work
practices of nursing staff in the unit seem to contribute
to the heavy traffic within and around the medication
preparation rooms. The current research did not seek any
correlation between the number of medication errors and
the features of indoors for the cases. However, the issue is
acute in the context of THS, and further research is needed
to better understand the role of environments within causal
links that result in medication errors and to guide and
influence regulatory documents in healthcare construction.

This section discusses that the findings of this study regarding
the spatial occupancy practices of nursesindicate a remarkable
situation when evaluated in the context of national spatial
standards for healthcare facilities in Turkey. The Ministry of
Health of Turkey's guidelines (such as Ministry of Health of
Turkey Inpatient Health Facilities Planning Guide (2011))
focus on technical aspects like facility functionality, hygiene,
accessibility, and security. However, they only briefly address
how healthcare staff, especially nurses, interact with the space,
which requires more qualitative consideration. Moreover, the
circulation, communication and care activities that nurses
carry out between different spaces in their daily workflow
are a direct output of spatial organization. This situation
demonstrates a gap between current standards and user
experiences, highlighting the need for new initiatives aligned
with user-centered and evidence-based design principles.
Although it can be argued that the knowledge concerning
the user experience is already known implicitly by healthcare
designers in the context of Turkey, it is still important to

m Nurse Station Nurse Room Medication Preparation

A A ) Unit Corridors
D [2]
Case 1

Nurse Station Nurse Room

A Unit Corridors |

i3 1

Medication Preparation

Case 2

Figure 13. Unit corridors and by-pass passages.
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express abovementioned design concerns explicitly in the
next editions of healthcare design guidelines.

CONCLUSION

A growing body of research suggests a strong link between
the layout of spaces and communication within healthcare
settings, especially among staff, as it has a consequential
effect on the quality of care and patient outcomes.(Cai
& Zimring, 2012; Haron et al., 2012; Pachilova et al.,
2013). Spatial measurements correlate robustly with
nurses' distribution, interaction, and mutual awareness
(Cai & Zimring, 2012) since the spatial arrangement
within healthcare facilities can bring together healthcare
staff during their shifts, influencing their experiences,
communication, and behavior. Continuing the discussion
on communication and interaction in healthcare
environments, this study aimed to investigate key factors
—occupancy and movement- which are recognized as
primary variables affecting the levels and frequency of
communication among nurses within inpatient units.

The study's findings revealed that the different spatial layouts
and the allocation of programmatic elements within created
different patterns of occupancy and movement. While there
are morphological distinctions among the units, the results
indicate that specific functions arise to influence occupancy
and movement. Particular segments within corridors emerge
as crucial areas where nurses predominantly spend their
time, having potential to facilitate a level of awareness among
colleagues. The study has highlighted various key elements
within corridors that encourage increased movement,
including nurse stations, nurse rooms, and medication
preparation areas in the examined units.

According to current research, the medication preparation
room, a key area for care procedures within units, should
be strategically designed on the floor plan to minimize
unnecessary traffic flow. Furthermore, the room should
adhere to design principles to reduce distractions, as the
literature indicates that communication and interruptions
in medication preparation areas can contribute to medical
errors. However, the results of this research show that the
medication preparation room is utilized for interaction,
communication, and information exchange, as well as
for preparing drugs. The room for preparing medications
serves as a connecting corridor between the main hallways
during specific cases. Consequently, the presence of these
two medication preparation rooms in cases 1 and 2 has
influenced both the intensity and the trajectory of nurse
circulation on the corridors, as they have become the most
frequent destination for nurses. Hence, when planning the
design of medication preparation rooms, designers must take
into account various factors, including selecting appropriate
locations and sizes within the unit, and their integration with
circulation pathways and other high-traffic areas.

ACKNOWLEDGMENTS: We thank all care professionals
and the manager in the studied General Surgery Inpatient
Units affiliated withDokuz Eylul University Hospital for
participating in the data collection.

We would like to express our gratitude to Prof. Dr. Fehmi
Dogan for his inspirational feedback and time and toAssis-
tant Prof. Isin Can Traunmiiller for her invaluable contribu-
tions to this research's methodology.

We are also grateful to Tahirhan Yildizoglu for his support
in developing the plugin for the 'Extracted Heat Map'.

ETHICS: There are no ethical issues with the publication of
this manuscript.

PEER-REVIEW: Externally peer-reviewed.

CONFLICT OF INTEREST: The authors declared no po-
tential conflicts of interest with respect to the research, au-
thorship, and/or publication of this article.

FINANCIAL DISCLOSURE: The authors declared that
this study has received no financial support.

FUNDING: The author(s) disclosed receipt of the follow-
ing financial support for the research, authorship, and/or-
publication of this article: The research was supported by
the Izmir Institute of Technology Scientific ResearchFunds,
2021IYTE-1-0024.

REFERENCES

Adams, R. (2008). The role of physical design and informal
communication and learning in gaining competency
and reducing stress among graduate nurses [Master
Thesis]. Cornell University.

Aksoy, E., Aydin, D., & Iskifoglu, G. (2020). Analysis of the
correlation between layout and wayfinding deci-
sions in hospitals. Megaron, 15(4), 509-520. https://
jag.journalagent.com/megaron/pdfs/MEGA-
RON-21797-ARTICLE-AKSOY.pdf

Allison, D. (2007). Hospital as city: Employing urban de-
sign strategies for effective wayfinding. Health Facil-
ities Management, 20(6), 61-65.

Ampt, A., Harris, P., & Maxwell, M. (2008). The health im-
pacts of the design of hospital facilities on patient re-
covery and wellbeing, and staff wellbeing: A review of
the literature. Centre for Primary Health Care and
Equity.

Cai, H. (2012). Making “invisible architecture” visible: A
comparative study of nursing unit typologies in the
United States and China [PhD Dissertation]. Geor-
gia Institute of Technology.

Cai, H., & Zimring, C. (2012). Out of sight, out of reach:
Correlating spatial metrics of nurse station typology
with nurses’ communication and co-awareness in an
intensive care unit. Proceedings: Eighth International
Space Syntax Symposium, 36, 381-391.



374

Megaron, Vol. 20, No. 3, pp. 361-375, September 2025

Cansever, I. H., & Gokkaya, D. (2022). From Numune Hos-
pitals to city hospitals: Past, present and future of
hospitals in Turkey [Numune hastanelerinden sehir
hastanelerine: Tiirkiyede hastanelerin diind, bugiinii
ve yarmi]. Balikesir Saghk Bilimleri Dergisi, 12(2),
425-436.  https://dergipark.org.tr/en/pub/balike-
sirsbd/article/1070010

Carthey, J. (2008). Reinterpreting the hospital corridor:
“Wasted space” or essential for quality multidisci-
plinary clinical care? HERD: Health Environments
Research & Design Journal, 2(1), 17-29. https://doi.
org/10.1177/193758670800200103

Codinhoto, R., Tzortzopoulos, P, Kagioglou, M., Aouad,
G., & Cooper, R. (2009). The impacts of the built en-
vironment on health outcomes. Facilities, 27(3-4),
138-151.  https://www.emerald.com/insight/con-
tent/doi/10.1108/02632770910933152/full/html

Coiera, E., Jayasuriya, R. A., Hardy, J., Bannan, A., & Thor-
pe, M. E. (2002). Communication loads on clinical
staff in the emergency department. Medical Journal
of Australia, 176(9), 415-418.

Devlin, A. S., & Arneill, A. B. (2003). Health care environ-
ments and patient outcomes: A review of the liter-
ature. Environment and Behavior, 35(5), 665-694.
https://doi.org/10.1177/0013916503255102

Donchin, Y., Gopher, D., Olin, M., Badihi, Y., Biesky, M.,
Sprung, C. L., Pizov, R., & Cotev, S. (2003). A look
into the nature and causes of human errors in the
intensive care unit. BMJ Quality & Safety, 12(2),
143-147. https://doi.org/10.1136/qhc.12.2.143

Duruk, N., Zencir, G., & Eser, 1. (2016). Interruption of
the medication preparation process and an exam-
ination of factors causing interruptions. Journal of
Nursing Management, 24(3), 376-383. https://doi.
org/10.1111/jonm.12331

Edgerton, E., Ritchie, L., & McKechnie, J. (2010). Objec-
tive and subjective evaluation of a redesigned corri-
dor environment in a psychiatric hospital. Issues in
Mental Health Nursing, 31(5), 306-314. https://doi.
0rg/10.3109/01612840903383976

Ergenoglu, A., & Tanritanir, A. (2013). Evaluation of archi-
tectural spatial quality in patients’ rooms in the con-
text of user satisfaction in general hospitals: A case
study in Gaziantep [Genel hastanelerde kullanici
memnuniyeti agisindan hasta odalarinda mimari
mekan kalitesinin irdelenmesi: Gaziantep ilinde bir
alan ¢alismasi]. Megaron, 8(2), 61-75.

Fore, A. M., Sculli, G. L., Albee, D., & Neily, J. (2013).
Improving patient safety using the sterile cock-
pit principle during medication administration:
A collaborative, unit-based project. Journal of
Nursing Management, 21(1), 106-111. https://doi.
org/10.1111/j.1365-2834.2012.01410.x

Gharaveis, A., Hamilton, D. K., & Pati, D. (2018). The im-

pact of environmental design on teamwork and
communication in healthcare facilities: A systematic
literature review. HERD: Health Environments Re-
search & Design Journal, 11(1), 119-137. https://doi.
org/10.1177/1937586717730333

Gomez-Zamora, P, Bafna, S., Zimring, C., Do, E., & Romero
V., M. (2019). In Sousa, J. P, Henriques, G. C. & Xavi-
er, J. P, eds. Spatiotemporal occupancy for building
analytics. Architecture in the Age of the 4th Industri-
al Revolution: Proceedings of the 37th eCAADe and
23rd SIGraDi Conference, pp. 111-120. https://doi.
org/10.5151/proceedings-ecaadesigradi2019_153

Haron, S. N., Hamida, M. Y., & Talib, A. (2012). Towards
healthcare service quality: An understanding of the
usability concept in healthcare design. Procedia -
Social and Behavioral Sciences, 42, 63-73. https://
doi.org/10.1016/j.sbspro.2012.04.167

Hendrich, A. (2003). Optimizing physical space for improved
outcomes: Satisfaction and the bottom line. Institute
for Healthcare Improvement and the Center for
Health Design.

Hendrich, A., Chow, M. P, Bafna, S., Choudhary, R., Heo,
Y., & Skierczynski, B. A. (2009). Unit-related factors
that affect nursing time with patients: Spatial anal-
ysis of the time and motion study. HERD: Health
Environments Research & Design Journal, 2(2), 5-20.
https://doi.org/10.1177/193758670900200202

Huckels-Baumgart, S., Baumgart, A., Buschmann, U,
Schiipfer, G., & Manser, T. (2021). Separate med-
ication preparation rooms reduce interruptions
and medication errors in the hospital setting: A
prospective observational study. Journal of Patient
Safety, 17(3), el61-e168. https://journals.lww.com/
journalpatientsafety/fulltext/2021/04000/separate_
medication_preparation_rooms_reduce.21.aspx

Iedema, R., Long, D., Carroll, K., Stenglin, M., & Braithwaite,
J. (2006). Corridor work: How liminal space becomes
a resource for handling complexities of multi-disci-
plinary health care. APROS, 238.

Iyendo, T. O., Uwajeh, P. C., & Ikenna, E. S. (2016). The
therapeutic impacts of environmental design in-
terventions on wellness in clinical settings: A nar-
rative review. Complementary Therapies in Clinical
Practice, 24, 174-188. https://doi.org/10.1016/j.
ctcp.2016.06.008

Jiang, S., & Verderber, S. (2017). On the planning and de-
sign of hospital circulation zones: A review of the
evidence-based literature. HERD: Health Environ-
ments Research & Design Journal, 10(2), 124-146.
https://doi.org/10.1177/1937586716672041

Joseph, A. (2006). The role of the physical and social environ-
ment in promoting health, safety, and effectiveness in
the healthcare workplace. Center for Health Design.

Keers, R. N., Williams, S. D., Cooke, J., & Ashcroft, D. M.



Megaron, Vol. 20, No. 3, pp. 361-375, September 2025

375

(2013). Causes of medication administration errors
in hospitals: A systematic review of quantitative
and qualitative evidence. Drug Safety, 36(11), 1045-
1067. https://doi.org/10.1007/s40264-013-0090-2

Lim, L., Kanfer, R., Stroebel, R. J., & Zimring, C. M. (2020).
Backstage staff communication: The effects of differ-
entlevels of visual exposure to patients. HERD, 13(3),
54-69. https://doi.org/10.1177/1937586719888903

Lu, Y., Peponis, J., & Zimring, C. (2009). Targeted visibility
analysis in buildings: Correlating targeted visibility
analysis with distribution of people and their inter-
actions within an intensive care unit. Proceedings of
the 7th International Space Syntax Symposium.

Nejati, A., Shepley, M., Rodiek, S., Lee, C., & Varni, J.
(2016). Restorative design features for hospital staft
break areas: A multi-method study. HERD: Health
Environments Research & Design Journal, 9(2), 16-
35. https://doi.org/10.1177/1937586715592632

Pachilova, R., & Sailer, K. (2015). Size and complexity of hos-
pitals matter for quality of care: A spatial classifica-
tion of NHS buildings. SSS 2015 - 10th International
Space Syntax Symposium.

Pachilova, R., & Sailer, K. (2020). Providing care quality
by design: A new measure to assess hospital ward
layouts. The Journal of Architecture, 25(2), 186-202.
https://doi.org/10.1080/13602365.2020.1733802

Pachilova, R., Sailer, K., & King, M. (2013). Evidence-based
design: The effect of hospital layouts on the caregiver-
patient interfaces. Proceedings of the Second Euro-
pean Conference on Design 4 Health.

Rashid, M. (2009). Hospital design and face to face
interaction among clinicians: A  theoreti-
cal model. HERD: Health Environments Re-
search & Design Journal, 2(4), 62-84. https://doi.
org/10.1177/193758670900200404

Sailer, K., Pachilova, R., Kostopoulou, E., Pradinuk, R,
MacKinnon, D., & Hoofwijk, T. (2013). How strongly
programmed is a strong programme building? A com-
parative analysis of outpatient clinics in two hospitals.
2013 International Space Syntax Symposium

Setola, N., Borgianni, S., Martinez, M., & Tobari, E. (2013).
The role of spatial layout of hospital public spaces in
informal patient-medical staff interface. Proceedings
of the Ninth International Space Syntax Symposium,
1-11. https://flore.unifi.it/handle/2158/1011655

Shepley, M. M. (2002). Predesign and postoccupancy anal-
ysis of staff behavior in a neonatal intensive care
unit. Children’s Health Care, 31(3), 237-253. https://
doi.org/10.1207/515326888CHC3103_5

Shepley, M. M., Peditto, K., Sachs, N. A., Pham, Y., Ba-
rankevich, R., Crouppen, G., & Dresser, K. (2022).
Staff and resident perceptions of mental and be-
havioural health environments. Building Research ¢
Information, 50(1-2), 89-104. https://doi.org/10.10
80/09613218.2021.1963653

T.C. Saglik Bakanhgi. (2011). Ministry of Health Inpatient
Health Facilities Planning Guide: Summary Book
[Saglk Bakanhg: Yatakli Saglik Tesisleri Planlama Reh-
beri: Ozet Kitap]. Tedavi Hizmetleri Genel Midiirligii.

Tomé, A., Kuipers, M., Pinheiro, T., Nunes, M., & Heitor,
T. (2015). Space-use analysis through computer vi-
sion. Automation in Construction, 57, 80-97. https://
doi.org/10.1016/j.autcon.2015.04.013

Trinkoff, A. M., Johantgen, M., Muntaner, C., & Le, R.
(2005). Stafing and worker injury in nursing homes.
American Journal of Public Health, 95(7), 1220-1225.
https://doi.org/10.2105/AJPH.2004.045070

Tyson, G. A., Lambert, G., & Beattie, L. (2002). The im-
pact of ward design on the behaviour, occupation-
al satisfaction and well-being of psychiatric nurs-
es. International Journal of Mental Health Nursing,
11(2), 94-102. https://doi.org/10.1046/j.1440-
0979.2002.00232.x

Ulrich, R., Zimring, C., Zhu, X., DuBose, J., Seo, H. B,
Choi, Y. S., Quan, X., & Joseph, A. (2008). A re-
view of the research literature on evidence-based
healthcare design. HERD: Health Environments Re-
search & Design Journal, 1(3), 61-125. https://doi.
org/10.1177/193758670800100306

Varoudis, T., & Psarra, S. (2014). Beyond two dimensions:
Architecture through three-dimensional visibility
graph analysis. The Journal of Space Syntax, 5(1), 91-
108. https://discovery.ucl.ac.uk/id/eprint/1477266/

Weick, K. E., & Sutcliffe, K. M. (2003). Hospitals as cultures
of entrapment: A re-analysis of the Bristol Royal
Infirmary. California Management Review, 45(2),
73-84. https://doi.org/10.2307/41166166

Yi, L., & Seo, H. B. (2012). The effect of hospital unit lay-
out on nurse walking behavior. HERD: Health En-
vironments Research ¢ Design Journal, 6(1), 66-82.
https://doi.org/10.1177/193758671200600104

Zborowsky, T., Bunker-Hellmich, L., Morelli, A., & O’Neill,
M. (2010). Centralized vs decentralized nursing sta-
tions: Effects on nurses’ functional use of space and
work environment. HERD: Health Environments
Research & Design Journal, 3(4), 19-42. https://doi.
org/10.1177/193758671000300404

Zhang, Y., Tzortzopoulos, P., & Kagioglou, M. (2019). Heal-
ing built-environment effects on health outcomes:
Environment-occupant-health framework. Build-
ing Research & Information, 47(6), 747-766. https://
doi.org/10.1080/09613218.2017.1411130

Zhu, X., & Shepley, M. M. (2022a). Assessing preferences
and perceived restorative qualities of break spaces
for nurses in China. HERD: Health Environments
Research & Design Journal, 15(3), 126-142. https://
doi.org/10.1177/19375867221075837

Zook, ]., Nanda, U, & Renner, K. (2019). ICU as information-
al interface: A model for data-driven ICU design. 12th
International Space Syntax Symposium (SSS 2019).



