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ABSTRACT

Purpose: To examine stroke inpatients’ real-life wayfinding behaviour and how the built
environment of rehabilitation clinics might influence their behaviour and experiences.
Methods: Stroke inpatients in seven rehabilitation clinics were observed (n = 70), each over
the course of 12 consecutive hours. Their paths through the clinic and the locations of
encountered wayfinding-related events were mapped on the floor plans and described in
the written notes. The observations were supplemented by a survey asking patients about
their wayfinding experiences.

Results: For a third of observed patients, at least one wayfinding-related event was observed
on the observation day, and 50% of patients reported getting lost in their clinic at least once.
Most wayfinding-related events occurred between patient rooms and therapy rooms, and
patients frequently relied on backtracking or the help of the staff to find their way. Clinics’
layout organization was found to play a role in the wayfinding behaviour of patients.
Conclusions: Wayfinding is a common challenge that stroke inpatients encounter in rehabi-
litation clinics. Avoiding multiple decision nodes on the paths between patient rooms and
therapy rooms and creating distinct identities for corridor segments in the decision nodes
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and the areas in front of elevators would likely improve wayfinding performance.

Introduction

Disabilities and impairments following a stroke are
unique and complex (Adamson et al., 2004). Aside
from the common motor disability (Langhorne et al.,
2009), stroke patients can have additional impairments
that influence how they perceive and interact with their
environment. Mild cognitive impairment and vascular
dementia are two examples (Sun et al., 2014). Other
impairments can be in the form of decreased vision or
eye movement, visual field abnormalities, visual percep-
tual difficulties (Rowe et al.,, 2009), or sensory deficits
(Carey, Matyas & Oke, 1993). Many stroke patients
experience visuospatial deficits such as unilateral
neglect (lack of awareness on one side of the body)
and topographic disorientation (lack of configurational
understanding of the surroundings; Robertson &
Halligan, 1998). As a result, stroke patients typically
struggle with spatial awareness and navigation, limiting
their ability to find their way (Feigin et al., 2017). Around
a quarter of stroke survivors maintain navigation impair-
ment 12 months after the acute phase, negatively affect-
ing their quality of life (Hamre et al., 2020).

Wayfinding ability is essential for everyday indepen-
dence and not relying on others for assistance (Van Der
Ham et al., 2013). Due to the complex spatial config-
urations of healthcare facilities, wayfinding might be

more challenging for patients, who are usually under
stress and experiencing various medical symptoms
(Baskaya et al., 2004). This is especially the case for
stroke patients recovering in rehabilitation clinics.
Patients need to quickly adapt to new post-stroke
impairments and, in some circumstances, to the use
of mobility aids (e.g., a wheelchair or a walker) in an
unfamiliar setting. Their inpatient stay is usually several
weeks long (Nikolaus et al., 2006) but could extend to
several months. Patients have to attend therapies mul-
tiple times per day and have meals in the clinic’'s main
dining room or a smaller dining room on their ward,
with their daily covered distance sometimes exceeding
2 km (Kevdzija & Marquardt, 2022). Due to the challen-
ging environment and daily schedule, wayfinding
issues are frequent in stroke patients recovering in
rehabilitation clinics (Kevdzija & Marquardt, 2018).
Clear wayfinding in a rehabilitation clinic is vital for
reducing patients’ stress and improving their mobility
and overall independence. Patients’ wayfinding issues
can also present a burden on staff resources and per-
formance (Peponis, Zimring, & Choi, 1990). Patients
being late for their appointments due to wayfinding
problems can cause delays and disruptions in therapy
schedules and staffing (Cooper, 2010). Getting lost
might also be dangerous, especially for patients with
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higher levels of physical, cognitive, and visual impair-
ments, who have an increased risk of falls (Rabadi et al.,
2008). At the same time, stroke patients undergoing
recovery in rehabilitation clinics are preparing to return
home, and training their wayfinding ability is essential
for their everyday life (Delgrange et al., 2020). In addi-
tion to virtual reality navigation training that is increas-
ingly being used in the treatment of stroke patients
(Claessen, van der Ham et al.,, 2016; Kaplan et al., 2021;
Morganti et al., 2019), finding their way independently
in the real-life physical environment of rehabilitation
clinics could potentially serve as a training ground for
preparing patients for their return home. In contrast to
virtual environments, which primarily provide visual
information and are associated with the absence of
locomotion, the approach of requiring patients to go
to therapies on their own could provide an opportunity
for training navigation that integrates visual and phy-
sical information (Claessen, Visser-Meily et al., 2016).
However, this has not been thoroughly investigated
so far.

When looking at the research focusing on wayfinding
outside of the healthcare facility context, the influence of
spatial configuration and architectural design on naviga-
tion ability was recognized already in early studies. Floor
plans and environmental cues (e.g., landmarks, signage)
overlaid on those floor plans are essential components in
the wayfinding process (Baskaya et al, 2004). Initial
research revealed a link between the main building path
network features, such as decision points, distances, direc-
tion changes within a floor plan, and navigation difficulty
(Best, 1970). The subsequent studies suggested that the
primary influence on wayfinding performance was the
complexity of floor plan configurations (Hillier et al,
1984; O'Neill, 1991a; Peponis et al., 1990, Hag & Zimring,
2003; O'Neill, 1991b). In further research, healthcare build-
ings were identified as one of the most complex environ-
ments for wayfinding, where similarities between
corridors might cause confusion and frustration to people
attempting to navigate them (Wright et al., 1993). They
are large and unfamiliar environments in which wayfind-
ing strategies are frequently not included in the architec-
tural planning process, and wayfinding systems are often
an afterthought and overlay (Devlin, 2014). Furthermore,
signage with textual and symbolic wayfinding informa-
tion might not be universally understood (Iftikhar et al,
2021), especially by people with diverse needs and abil-
ities (Morag et al., 2016).

According to these findings, it can be hypothesized
that the healthcare facilities’ frequently complex spatial
configurations may influence stroke patients’ wayfind-
ing performance during an inpatient stay. Still, the
aspects of the built environment that contribute to the
wayfinding ability of stroke patients are not yet under-
stood. There is a lack of knowledge on how stroke
patients find their way during their inpatient stay in

rehabilitation clinics and what their real-life wayfinding
experiences are. A variety of stroke-related impairments
and multiple cognitive functions involved in wayfinding
make it a challenging topic to investigate (Asselen et al.,
2006). Furthermore, the researchers’ limited access to
healthcare facilities, differences in the design of each
facility and other logistical issues make rigorous
research studies and comparisons difficult (Ulrich et al.,
2008, Kalantari & Snell, 2017). These challenges are likely
behind the lack of empirical studies investigating the
relationship between stroke patient wayfinding and the
built environment and why many research studies
turned to virtual reality as the tool to investigate way-
finding in healthcare facilities.

This study aims to provide insights into stroke patients’
real-life wayfinding behaviour in rehabilitation clinics, the
daily challenges they encounter and how the built envir-
onment might affect their wayfinding. These findings are
a part of larger research investigating barriers and facil-
itators that stroke patients experience in the built envir-
onment of rehabilitation clinics.

Materials and methods

Patient shadowing, accompanied by a patient sur-
vey, was used to investigate stroke inpatients’ way-
finding behaviour and experiences. Shadowing is
a method where a researcher closely observes and
records the actions and behaviour of a single indivi-
dual during their everyday activities (McDonald,
2005). A single researcher (the author) shadowed
ten patients in seven different clinics (n = 70), each
for 12 consecutive hours on an ordinary
rehabilitation day (from 07:00 h to 19:00 h).
Shadowing took place in all spaces accessible to
patients except their rooms and therapy rooms.
While the observed patient was in therapy, the
researcher used this time for breaks or to check the
shadowing notes taken so far. The researcher had
meals at the same time as the observed patient.
Patients’ paths throughout the clinics and the areas
where they encountered an event related to way-
finding were recorded and described using paper
floor plans and time log sheets. For the purpose of
patient shadowing, a wayfinding-related event was
defined as “the difficulty with finding the right way,
mistaking the corridor or the floor, or asking for
directions.” The events when patients were visiting
certain scheduled areas (e.g., a particular therapy
room) for the first time or only searching for the
room number in the right corridor segment were
not included as wayfinding-related events in this
study. The focus of observations was on wayfinding
behaviour in the familiar environment and the influ-
ence of the building’s layout. When able (due to
post-stroke impairments) and willing to complete
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it, the observed patients also filled in a survey
(n = 60). Patients were asked whether they ever
got lost in their clinic and, if answered affirmatively,
where this happened. They were also asked if they
experienced any barriers in the built environment of
the rehabilitation clinic.

Table I. Characteristics of the participating clinics.

Settings

Patient shadowing took place in seven rehabilitation
clinics in Germany. The participating clinics had different
spatial configurations (Table I) and were comparable in
size and number of beds. These clinics were dedicated

Clinic Typical floor plan Size Layout characteristics

A e, Number of beds: 240 Several separate buildings with different spatial
= Total surface: 19.703 m? configurations are connected via the
:_%L Typical floor surface: underground floor with therapy areas.
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Number of beds: 210
Total surface: 18.025 m?
Typical floor
surface: 3.539 m?

Number of beds: 225
Total surface: 17.505 m?
Typical floor surface:
5512 m?

Number of beds: 188
Total surface: 13.056 m?
Typical floor surface:
1.661 m?

Number of beds: 250
Total surface: 22.731 m?
Typical floor surface:
4,025 m?

Number of beds: 207
Total surface: 15.293 m?
Typical floor surface:
3.405 m?

Number of beds: 218
Total surface: 20.694 m?
Typical floor surface:
2,016 m?

3.829 m?

Radially distributed four wings connected via the
central wide corridor with the vertical
circulation core.

Separate radial intensive care unit and the wards
connect onto each other and form an
elongated layout.

Two wings on the upper floors (left), with the
addition of the third therapy wing on the
basement floor (right) that connects to the
orthopaedic clinic.

A separate building for mobile patients (left), an
intensive care unit (central area), and the
rehabilitation wards (right).

Compact and symmetric layout with three
courtyards.

Radially distributed three wings, two with patient
rooms and one with additional common/
therapy areas.
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post-acute rehabilitation facilities. Patients were not lim-
ited to the environment of their ward; they were expected
to independently go to therapy rooms, dining rooms, and
other common or diagnostics spaces often placed in
different building areas and on various floors.

Participants

Seventy stroke patients undergoing recovery as inpati-
ents in rehabilitation clinics participated in the study
(Table Il). Using the given inclusion and exclusion criteria,
the medical staff selected ten participants in each clinic.
Inclusion criteria were that: (1) the potential participants
were in rehabilitation after a stroke, (2) they were inde-
pendently mobile in the clinics (with or without the use of
mobility aids, such as a wheelchair or a walker), and (3)
they gave their written or verbal consent for participating
in the study. The study excluded patients suffering from
dementia, severe communication and cognitive impair-
ments, severe multi-morbidity (somatic, psychiatric, or
psycho/geriatric), significant mobility impairment before
the stroke, and orthopaedic, neurological, or other condi-
tions of consequence for the study.

Procedure

In the first step, the medical staff of the clinic identi-
fied possible study participants. A familiar staff mem-
ber approached the patient and informed them about
the research study. Patients were then asked if they
wanted to participate. In the case that the patient
expressed an interest in participating, they were
given a large-print information sheet and a consent
form. Once this was done and the patient accepted to
participate, the shadowing day was scheduled.
Patients were also given a large-print survey on the
observation day to complete during the researcher’s
stay in their clinic.

Data processing and analysis

The first step in data analysis was to digitalize the
shadowing data recorded on the floor plans. In the

Table Il. Patient participants’ characteristics.
Participants (n = 70)

Characteristic

Age > 60
Gender
Female 32 (45,7%)
Male 38 (54,3%)
Mobility level
Using a wheelchair 16 (22,9%)
Using a walker 23 (32,8%)
Independently walking 31 (44,3%)
Barthel Index (BI) for mobility
5 11 (15,7%)
10 16 (22,9%)
15 43 (61,4%)
Length of stay (days) Md = 19.5
Range 3-139

next step, each patient’s path (from point A to point
B) was analysed to determine whether a wayfinding-
related event occurred on it, what exactly happened
and where, and how the patient found the right way.
Furthermore, each path was examined for its charac-
teristics regarding the number of choice nodes
(Peponis et al., 1990), level changes, and the angle
between the possible corridor choices. The open-
ended survey responses were translated from the
German language and coded using NVivo11 software.

The presented results combine a narrative descrip-
tion of observed patients’ behaviours related to way-
finding (and their survey responses) with reporting
the frequency and characteristics of the wayfinding-
related events. Each patient was assigned a code
name (a letter and a number). The letter relates to
the clinic where the patient was observed (A to G),
and the number represents patient’s number in the
order of observations (1 to 10).

Results
Frequency of wayfinding-related events

On the day of the observation, about a third of
patients in each mobility level group experienced
a wayfinding-related event (Table Ill). The occurrence
of these events was not specific to a single patient
group, they were observed in all groups regardless of
patients’ mobility level. One or more wayfinding-
related events were observed in 24 out of 70 partici-
pating patients (10 female and 14 male). There were
42 occasions when a wayfinding-related event was
observed among these 24 patients. Out of those 42
events, 35 happened in corridors of the clinics. The
other seven happened when the patient had mista-
ken a floor when going out of the elevator.

In their survey responses, 29 patients reported
never getting lost in their clinic, 14 got lost once,
and 15 got lost more than once. Hence, half of the
patients that answered this question reported getting
lost in their clinic at least on one occasion.
Furthermore, some patients might have been reluc-
tant to report getting lost in the clinic since there was
a discrepancy between shadowing data and their
survey responses. Six out of 29 patients who reported
never getting lost in the clinic encountered at least

Table Ill. Number and percentage of wayfinding-related
events observed for each mobility level (n = 70).

Mobility level
) Using Using Independently
Number of patients a wheelchair  a walker walking
Total (n) 16 23 31
With wayfinding 5 8 1
events (n)
Prevalence (%) 31,3% 34,8% 34,5%
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Table IV. Characteristics of the observed events of wayfinding-related events (n = 42).

No. of Situation No. of No. of
Destination events (patient ...) events Strategy for finding the right way events
therapy area 28 makes a wrong turn 18 backtracking 22
therapy area/ to patient’s room 9 stops and looks 12 asking for directions 13
dining room 3 mistakes the floor 7 verbal/physical help from staff 3
main entrance 1 wants to make a wrong turn 3 verbal/physical help from visitor 2
reception 1 keeps turning around 1 changing direction 2

goes towards a mirror 1

one wayfinding-related event on the day when they
were shadowed.

Locations and overcoming strategies

Wayfinding-related events most commonly happened
on the patient’s way to therapy or going back from
the therapy area to their room (88,1% of all observed
events). Patients relied on backtracking (22 events)
and asking for directions (13 events) to find their
way in most cases (Table IV). The common situations
when patients encountered a wayfinding-related
event were making a wrong turn in the corridor (18
events) and stopping and looking around (12 events).
In one example, the patient had trouble finding his
way due to a tall mirror used for treatments that was
hung on the wall. The patient started walking towards
the mirror before realizing that the corridor had
ended and that he was heading in the wrong
direction.

Spatial configurations

The lowest number of wayfinding-related events was
observed in clinics B and G (3 and 2 respectively), with
patients in clinic E encountering the most wayfinding-
related events (11 observed events), followed by clinic
A (7 events), clinic F (7 events), clinic C (6 events) and
clinic D (6 events). This difference is most likely driven
by differences in the spatial configuration complexity
of clinics.

Clinics B and G have a central vertical core with
wards organized radially around it. Even though the
spatial configuration is simple, patients make errors
when exiting the elevator since all floors are arranged
in the same way. One patient of Clinic B “left the
elevator on the wrong level” (B2), and another
reported: “I wanted to go back to my room and
went to the wrong ward.” A patient of clinic
G “confused basement and ground floor” (G4) and
another patient from the same clinic “mixed up floors,
mixed up wards” (G7).

On the other hand, Clinic E was modified from
a tuberculosis sanatorium and had a more complex
spatial configuration, with a central intensive station,
long patient wards, and a separate building for
mobile patients. Therapies are spread throughout
the clinic, and several therapy rooms are also placed

on the basement level. One patient reports getting
lost “[...] on the way to the gym. | then asked the
staff. On the way out of the elevator, signage is very
confusing” (E9). Another patient also encountered
a wayfinding-related event “in the basement when
going to the entrance hall” (E7). The third patient
reported getting lost in the clinic “only at the begin-
ning, in my first week” (E4).

Clinic A, similarly, has a complex spatial configura-
tion with separate buildings since it was adapted from
a different function (centre for brain-injured soldiers
after WWII) and has grown over time. These separate
buildings are connected on the basement level, which
most patients have to use to reach therapies. Patients
find this environment challenging for wayfinding,
reporting getting lost “in the basement” (A8) and
“finding therapy rooms” (A6). Another patient
reported getting lost “in the basement, | approached
someone and asked for directions” (A1). A third
patient reported: “I got lost once in the basement;
a physician had helped me to find my destination.
| got lost two times on the first floor. A nurse helped
me to find the right way” (A9). One patient also
offered advice for providing “better wayfinding” in
the clinic’s architecture by “adapting to dependent
patients and considering their needs” (A4).

Surprisingly, clinic F was also where a high number
of wayfinding-related events were observed. This
clinic was opened in 2014, and it is the newest of
the participating clinics. Patients of Clinic F describe it
as challenging for wayfinding, reporting that “it is
difficult to find your way, | always have to look left
and right” (F2) and that “everything looks the same”
(F4). “Corridors are all the same; | often don’t know in
which corridor | am. Visitors also get lost. Maybe
colour or signs would help.” (F8). Since this clinic has
a remarkably compact and symmetric layout with
three courtyards, this distinct symmetry might have
contributed to challenging wayfinding. Furthermore,
the patients often did not notice the minimalistic
signage design adopted in this clinic (thin black let-
ters on white walls, Figure 1).

Clinic C has an elongated floor plan with con-
nected wards, and all the floors are not the same. As
a result, the elevators do not connect all the building
parts. Having to take different elevators to reach dif-
ferent building sections on the same level created
a wayfinding challenge for patients of this clinic.
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One patient reports: 'Elevator stopped on the wrong
floor. | ended up on the 2nd floor.” (C4), and another
patient got lost in the clinic “mostly when using the
elevator” (C1). An additional patient got lost on the
way to therapy, which required using a different ele-
vator to the one closest to the patient’s ward (C6).
Even though Clinic D has a simple two-wing floor
plan on the upper floors, the basement floor is the
location of all therapy rooms, and it is shared with the
nearby orthopaedic clinic. Two wayfinding-related
events were observed on the upper floors when
a patient had mistaken the floor upon exiting the
elevator. The rest of the observed cases occurred in
the basement. One patient reported getting lost
“when changing from one to the other clinic area”
(D4), which was on the building’s basement level, and
another “in the basement, then someone from the
ward came to help” (D3). A third patient from this

clinic “walked in the wrong direction, down the corri-
dor, instead of to the nearby elevator” (D5). Another
patient shared their general experience with wayfind-
ing in this clinic: “Wayfinding is difficult. Everything
seems chaotic to me” (D2).

Visual communication and signage

The participating clinics had different approaches
regarding visual communication and signage design.
The two main strategies that could be identified
(Figure 1) were (1) using colours to guide the patients
(assigning each floor a different colour, colour stripes
on the walls) and (2) the minimalistic signage design
(black letters on white walls/signs). During patient
shadowing, it was observed that the minimalistic
signs were often not noticed by patients, while the
colourful wall-stripe design in clinic D was confusing

)

Physiotherapie > > [
Sprachtherapie > > !

Physikalische Therapie > > \

Clinic C

-

ClinicD Clinic G
e Arztpraxen
Physiotherapie
Innenhof
Stat?on 6 M i 1 Hausérztliche Notdienstzentrale
(= Stationen 7+8 T Kiinik fur Neurologie ¥:£:E|§3i2d;:riiche%
(& Llogopadie , Hauswirtschaftsleitung
Neuropsychologie - Labor
" A T Therapiebereich 3 2.UG 4
ClinicB Clinic E Clinic F

Figure 1. Examples of visual communication and signage strategies in participating clinics.
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for patients, who sometimes got lost in this area (4
observed events). One patient in this clinic mentioned
“the labelling of the wards in the elevator and label-
ling of the rooms in the therapy area” as barriers in
the clinic’s built environment (D4). In one of the clinics
with a minimalistic signage design (clinic E), a patient
also reported signage as a barrier, stating that “the
signs are not visible or not there” (E7). One patient in
clinic F suggested that the use of colours might be
helpful for wayfinding (F8). In contrast to this, clinic
E adopted the approach of colour coding for different
wards, and patients still found it confusing (E9) and
unclear (E2). In clinic A, which has a complex config-
uration resulting from growth in stages, colour coding
of the floors was used as a signage strategy. One
patient in this clinic stated that “room numbers are
misleading, there is too little signage” (A6). A patient
of clinic G reported a similar experience: “Information
is too small/not quickly recognisable. Numbering of
the rooms is not immediately logical” (G4). Most
observed patients did not even look at the signage
while travelling through the clinic, as they were
already staying there as inpatients for some time,
and this was a relatively familiar environment.

Characteristics of patients’ paths

As 42 wayfinding events were observed among the
shadowed 70 patients, the characteristics of the paths
where these events occurred were explored. An aver-
age path where patients encountered wayfinding-
related events had four choice nodes (four places
where a choice had to be made on which direction
to turn). The most common number of possible
choices in the node where they encountered wayfind-
ing-related events was two (Table V). There was also
one level (floor) change on an average path. When
the deviation angle (measured angle between the two
possible corridor choices in the choice node) was
examined, the corridors were in a straight line (form-
ing a 0° angle) in twenty cases; they formed an angle
lower than 90° in three cases and a 90° or larger angle
in twelve cases (Table V). These results indicate that
the patients had to choose between going left or
right or between continuing straight or turning (left
or right) in the choice node in most observed cases. In
cases when the observed patient had mistaken the
floor, the patient would look out and decide that this
was the floor where they needed to get out when the

Table V. Characteristics of the wayfinding-related events in
the corridors (n = 35).

Measured parameter Mean Median SD

total choice nodes (n) 4.03 4 1.67
possible choices in the node (n) 2.03 2 0.38
changes of level (n) 1 1 0.54
deviation angle (°) 5.23 0 65.26

elevator door opened (due to someone else calling
the elevator on that floor).

It was also observed that the corridor segments in
the decision nodes were often similar in basic dimen-
sions and visual characteristics (e.g. length, width,
wall colour). When the wayfinding-related event was
observed in each case, this choice node was marked,
and the corridor segments that were possible choices
were measured for their length and width difference
in the floor plan. The average width difference
between the possible corridor segment choices was
0.34 m (Mo = 0 m, Md = 0.04 m), and the average
length (depth from the observer's point) difference
was 10.04 m (Mo = 2.1 m, Md = 6.01 m). In all cases,
the wall colour was the same in each corridor seg-
ment from the choice node.

Additional covered distance

When a patient encountered a wayfinding-related
event in 27 of 42 recorded cases, they covered
a longer distance than necessary to find the right
path. This was more frequently the case when the
wayfinding-related event occurred in the corridor
(compared to the events of exiting the elevator).
These events increased the expected distance
between patients’ starting point and destination by
adding an additional segment where the patient was
going in the wrong direction and then backtracking
to find the right path. This search for the right path
and subsequent backtracking resulted in an average
added distance of 44.43 m, ranging from 0.5 to
184.75 m (Table VI). This finding implies that patients
commonly took a long time to realize they were on
the incorrect path and had difficulty retracing their
steps following a wrong turn. When patients exited
the elevator on the wrong floor, they quickly realized
their error and walked an extra 8.76 m on average
(ranging from 5.9 m to 13.8 m).

Discussion

This research study investigated the wayfinding beha-
viour of stroke inpatients in rehabilitation clinics.
There were five main findings: (1) wayfinding-related
events were frequently observed and reported in
stroke patients, regardless of their mobility level, (2)
patients most commonly experienced these events on
the paths between patient rooms and therapy rooms,

Table VI. Characteristics of wayfinding-related events
observed in corridors and between floors (n = 27).

Corridor Floor
Covered distance Mean Median SD Mean Median  SD
Total (m) 142.58 140.61 6572 14030 139.03 74.93
Additional (m) 4443 2103 5576 876 655 35
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(3) patients mainly relied on backtracking or help of
the staff to find their way, (4) they had to cover
a substantial additional distance as a result, and (5)
the complexity of spatial configurations and the simi-
larity of corridor segments likely contributed to chal-
lenging wayfinding. Compared to most research
investigating wayfinding, where the participants
would have to find their way in an unfamiliar environ-
ment, this study adopted a different approach. Stroke
patients’ behaviour was observed on their typical
inpatient day during recovery after some time spent
in a rehabilitation clinic (median length of stay was
19.5 days on the observation day). This approach
provided real-life insight into the characteristics of
wayfinding-related events that patients experience.
The results show that stroke patients still experience
navigation challenges, even in an environment that is
not entirely new to them.

The finding that many stroke patients have difficul-
ties finding their way is in line with research studies
using very different methods, such as the self-report
survey (Van Der Ham et al, 2013), Floor Maze Test
(FMT; Hamre et al., 2020), wayfinding performance
tasks (Asselen et al., 2006) or Virtual Tubingen test
(Claessen et al., 2017). In this study, around a third of
participating patients were observed to encounter at
least one wayfinding-related event, and half of the
participants reported getting lost in their clinic at
least once. This finding suggests that a careful design
of wayfinding systems (e.g., layout, visual communica-
tion) in rehabilitation clinics is important for the
stroke patient population. Challenging wayfinding
combined with patients’ specific stroke-related
impairments such as cognitive impairments (Jokinen
et al, 2015) and visuospatial neglect (Maxton et al.,
2013) might make patients dependent on the staff
members to bring them from one location to another.
This practice was observed in the clinics participating
in this study, and it could further contribute to
patients’ feeling of loss of control (Bendz, 2003) and
limit the possibilities for exercising mobility and
independence.

Building layout considerations

Many aspects of the built environment of healthcare
facilities may influence wayfinding, such as maps,
signs, logical clustering of functions, furniture, logical
pairing of interior architecture elements, structural
elements, architectural features, and other design ele-
ments (artwork, furniture, plants, wall colour, display
boards and vending machines; Pati et al., 2015). Our
study observed the influence of the building’s layout
(spatial configuration) and corridor’s visual character-
istics on patients’ wayfinding performance. Research
focusing on wayfinding performance of stroke patient
population in relatively familiar inpatient healthcare

settings is lacking, but some similarities can be
observed with results from other contexts. In patients
with dementia, who commonly experience cognitive
decline that affects their navigation ability, the layout
of the circulation system was identified as the most
influential environmental factor impacting wayfinding
(Marquardt & Schmieg, 2009). In this study, people
with dementia were able to find their way easier in
the case of a straight circulation system compared to
layouts that included numerous shifts in direction. In
another study outside of the healthcare context,
routes that seemed straighter and closer to the target
were preferred by people navigating (Van Tilburg &
Igou, 2014). In our study, the building’s spatial config-
uration (e.g., radial, compact), the number of choice
nodes on the path (corridor intersections where the
patient had to choose a direction) and the angle
between the possible choices in the node were iden-
tified as some of the main factors influencing the
wayfinding performance. This finding shows similari-
ties with the studies focusing on other user groups
and indicates that the building’s layout plays a role in
stroke patients’ wayfinding.

The lowest amount of wayfinding-related events
were observed in clinics with a central vertical core
and radially distributed wards (3 or 4 building wings).
The radial layout was likely the simplest to navigate
due to the reduced number of choice nodes on the
paths—the patient only had to choose the correct
building wing when exiting the elevator. Similarly,
studies in virtual environments suggest that fewer
choices at nodes and fewer rather than more routes
and corridors may facilitate successful wayfinding
(Cubukcu & Nasar, 2005; Slone et al., 2015). The prin-
ciple of reducing the number of choice nodes could
be used in layout planning for new buildings, espe-
cially for connections between patient rooms and
therapy areas. Given that patients’ daily lives mainly
consist of attending multiple therapies per day, it is
not surprising that most wayfinding-related events
were observed on the way from the patient’s room
to therapies and vice versa. The connections between
these two functional units within a rehabilitation clinic
should be given special attention since patients must
visit therapies multiple times per day. Wayfinding
challenges between these two areas are likely to
impact patients’ quality of daily life in rehabilitation
clinics and the healthcare processes. Here, the num-
ber of choice nodes (corridor intersections/choices in
navigation) should be reduced to three or fewer.

One of the most challenging aspects of spatial
problem-solving is dealing with symmetrical architec-
tural environments (Remolina & Kuipers, 2004). In
a study by Baskaya et al. (2004), 63.2% of the partici-
pants in a symmetrical building felt “completely lost”,
in contrast to only 6.5% of those in an asymmetrical
setting (p. 851). A similar influence of symmetrical
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layouts was observed in other contexts (An et al,
2019; Holscher & Dalton, 2008). Therefore, wayfinding
could be negatively affected by the use of symmetry
and the repetition of similar elements (Baskaya et al.,
2004). This is comparable to the findings of this study,
where the corridor segments in the decision nodes
(where the wayfinding-related events were observed)
were similar in basic dimensions and appearance.
Unsymmetric spatial configurations should be
explored in rehabilitation clinic design from the stand-
point of easier wayfinding, and corridor symmetry in
the choice nodes should be avoided by architectural
differentiation of the corridor segments. This can be
achieved using various orientation cues, such as
widening the corridor at a certain point and creating
a more open space, creating distinctive environments
with the use of windows, plants, art, seating areas,
materialization and colour. The hierarchy of corridors
and their role in a clinic’s circulation system, analo-
gous to the hierarchy of urban streets in a city, should
be considered in the design (Allison, 2007).

Furthermore, different building floors should be given
different visual identities as well. This study offered some
new insights into the multilevel wayfinding behaviour of
stroke patients. As most wayfinding research focuses on
single floor levels and not level changes (Holscher et al.,
2006), this aspect of the built environment is still not
explored sufficiently. Still, one of the most common
sources of confusion about one’s direction and location
in a building is the level changes (Holscher et al., 2013).
Wayfinding can be particularly difficult in multistorey
buildings because of the way the floors are arranged
and since there is no visual reference between the floors
(Holscher et al., 2013). Understanding these challenges
may help designers make decisions that enable more
successful wayfinding (Devlin, 2014). For example, each
clinic’s floor could be given a specific architectural and
visual identity around elevator exits to minimize the way-
finding challenges observed in this study. Various corridor
configurations and dimensions, corridor widenings and
space openings, different views, or various landmarks
could be used to establish these different identities for
each floor, visible from the buildings’ vertical circulation
(elevators and stairs). This strategy might help patients
recognize the floors and make fewer wayfinding mistakes
when travelling vertically through the building.

Signage and auditory information considerations

The participating clinics used different signage and col-
our coding strategies to aid wayfinding, and no auditory
information was used. Therefore, the influence of visual
and auditory signage could not be assessed in this
study. Still, some patients reported the signage to be
confusing, unclear, and in the case of minimalistic
design—not visible or not at all there. As buildings
become larger and more complex, providing adequate

wayfinding using only signs and other cues becomes
more challenging, particularly if the indicated directions
conflict with how people understand and use the space
(Dogu & Erkip, 2000). The principle of a building's spatial
organization needs to be communicated to the way-
finding users by the structure itself since signage often
cannot compensate for architectural failures (Arthur &
Passini, 1992). Signage, furnishings and lighting could
be used as additional supporting components, but they
should not be relied on to compensate for inadequate
architectural design (Marquardt, 2011). Consequently,
signs and maps do not fundamentally solve wayfinding
problems (Jamshidi & Pati, 2021).

It is essential to strategically plan the buildings’
spatial configuration in the early design stages since
this can directly affect patients’ wayfinding, indepen-
dence, and daily lives during rehabilitation. This is not
always possible, especially in the case of existing
buildings. Here, minor changes in the form of signage
and colour coding of the wards/floors could poten-
tially improve the wayfinding performance of
patients. In this study, the common strategy of using
colourful lines on the wall (or floor) in healthcare
facilities was observed to create confusion among
study participants. The need to remember the colour
of the particular arrow along the route might be
a challenge for people with different abilities and
impairments (Morag et al., 2016). Therefore, signage
needs to be simple, readily available, legible, and
structured to aid navigation, and pictograms should
be considered as many patients might be unable to
read (Marquez et al., 2017). Creating distinct land-
marks may also be particularly important in existing
buildings with symmetrical layouts (Baskaya et al.,
2004). Various technologies could also be considered
to guide patients along the way, e.g., auditory signals
in elevators already commonly used in healthcare
facilities. Dynamic displays could present relevant
information along the route and guide the person,
using different fonts or language, according to their
needs (Hashim et al, 2014), or a dynamic system
could guide each person with arrows projected on
the floor (Morag et al.,, 2016). Mobile wayfinding appli-
cations could also be explored for wayfinding pur-
poses, combined with signage and other navigation
strategies (Harper et al., 2020). All these strategies
need further evaluation for their impact on the way-
finding performance of stroke patients who can
experience complex impairments limiting their ability
to read the signs or understand environmental cues.

Considerations for patients’ diverse abilities

People who have limitations in their health or cognitive
abilities are more reliant on their external environment as
they cannot always adapt their surroundings to their
particular needs (Lawton & Simon, 1968). This is why the
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way the buildings’ layout and signage are designed is of
great importance for stroke patients during recovery. At
the same time, challenging wayfinding and longer cov-
ered distances observed as one of the results in this study
might not solely be a negative aspect of the built envir-
onment for some patients. Patients in the advanced reha-
bilitation phases might benefit from a more challenging
environment that prepares them for going back home
and the built environment barriers they might experience
at home or in the community. The patients’ daily paths to
and from therapies could be valuable for exercising way-
finding in a more controlled environment. For this reason,
patients’ abilities and needs in different recovery stages
should be considered in the design and placement of
patients in the wards that are differently positioned in
the building. Patients in the beginning stages of rehabili-
tation would benefit from a barrier-free and easy-to-
navigate environment that supports their independence,
while patients in the later stages could benefit from more
complex environments for wayfinding training. The
clinic’s spatial configuration and connections between
the two main functional areas: patient rooms and therapy
rooms, might greatly influence patients’ wayfinding abil-
ity. Ideally, the therapy areas should be located on the
same level as the wards for patients with severe impair-
ments in the beginning stages of rehabilitation to reduce
distances and the number of choice nodes, and allow
them to find their way easily and independently.

Strengths and limitations

The main strengths of this study are that: (1) it offered
insights into the usual daily wayfinding behaviour of
stroke patients in seven large multilevel rehabilitation
clinics, (2) focusing on one patient at a time over an
extended period (one whole day) provided informa-
tion on the wayfinding challenges they encounter, as
well as how they overcome them, and (3) employing
two complementing research methods allowed for
the exploration of two different perspectives on the
phenomenon studied. This research study also has
some limitations that need to be mentioned.
Participants’ behaviour might have been altered due
to close and extended observation. To minimize the
behaviour modifications, patients were only told that
their paths were being observed and not that the
study focused on their wayfinding behaviour.
Furthermore, only one day in the recovery journey
of a stroke patient was observed and their navigation
ability and needs might change over time. Moreover,
excluding patients with dementia, severe communica-
tion and cognitive impairments and other specific
conditions removed the representation of their way-
finding experiences; their spatial needs also require
special attention. An additional limitation is the miss-
ing cognitive assessment of the participants, which
might have provided helpful information for

understanding their wayfinding abilities. It was also
not possible to assess the influence of signage on
wayfinding performance in this study. Furthermore,
none of the participating clinics used audio signals
to announce the floors in the elevators, and the influ-
ence of such strategies could not be observed. Even
with the highlighted limitations, this study offers
novel insights into the wayfinding behaviour of stroke
patients. Future research could use additional meth-
ods such as eye-tracking in virtual reality environ-
ments to examine the patients’ wayfinding
behaviour in relation to their post-stroke cognitive
impairments or in-depth interviews to further explore
their wayfinding experiences.

Conclusion

There is still a lack of understanding of how the built
environment of rehabilitation clinics might affect the
behaviour and activities of stroke patients in rehabilita-
tion clinics. This study suggests that challenging way-
finding is commonly experienced by patients during
their inpatient stay and that the building’s layout
might play an important role. As the building’s layout
organization is frequently chosen in the early design
stages, the implications of each layout type need to be
considered already at the start of planning. Each build-
ing’s layout type likely introduces a set of wayfinding
challenges that the planners need to be aware of and
apply targeted mitigation strategies. Even minor design
interventions implemented during building renovations
could improve the ease of wayfinding. Newly built
clinics and the existing clinics might benefit from further
research on the relationship between the built environ-
ment and stroke patient wayfinding. Therefore, when
carefully planned, the built environment of rehabilita-
tion clinics could potentially improve stroke patients’
daily experiences of wayfinding during recovery.
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