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Abstract. This scoping review addresses the role of functional limitations on evacua-

tion performance of adults in public buildings. Although this topic has been addres-
sed in evacuation research, no linkage is currently available between functional
limitations, the predominant activities affected by them and evacuation performance.
This review strives to open a debate on the need to classify the impact of disability in

terms of functional limitations on evacuation performance according to methods
adopted in health science. This paper reviews literature concerning evacuation from
public buildings with adults aged ‡ 60 years and/or adults aged ‡ 18 years with func-

tional limitations. The International Classification of Functioning, Disability and
Health has been used to identify predominant activities during an evacuation and to
perform a structured classification at different levels of resolution to address self-

evacuation possibilities. Results of the review are presented in a tabular form linking
predominant activities in terms of the International Classification of Functioning,
Disability and Health and six categories of functional limitations with the engineering
evacuation time-line. The suggested classification can facilitate the assessment of the

evacuation-related issues in buildings in relation to the population under considera-
tion. The main research gaps identified include the lack of studies concerning the
impact of cognitive limitations on egress, and the need to add the temporal dimen-

sion to the methods adopted in accessibility research to allow for their use in the
egress field.
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1. Introduction

The ability of people to egress in case of an emergency scenario is a well-estab-
lished scientific field, with several applications, including performance-based
design of fire evacuation [41] and crowd management. This is often called evacua-
tion, while the term egress refers to the movement out of a building/infrastructure
in normal conditions.

The ageing process might worsen the ability of an individual to perform self-
evacuation and demonstrate the importance of taking specific needs into consider-
ation when functional capacity decreases and disability increases [69]. This is con-
firmed by the trends in fire-related deaths highlighting the vulnerability of older
people, i.e., they have been shown to be at higher risk of dying in fire accidents
[15, 30]. For example, Boyce states that chronic conditions linked to ageing such
as cardiovascular disease, stroke, diabetes, cancer, arthritis and osteoporosis,
along with obesity, could prevent people from performing evacuation activities
successfully [8]. Given the projected worldwide demographics with an increasing
ageing population and associated chronic conditions that cause disability, this
issue will most likely become even more relevant in the future [71].

Despite the efforts from a regulatory perspective [11, 31, 62] made over the
years to address the needs of people with different levels of functional capacity,
several issues still remain unsolved. In fact, limited guidance is available on the
specific needs of people with disabilities in case of evacuation [13]. Evacuation
research in fire safety engineering refers often in general terms to the needs of
‘‘people with disabilities’’ [4], instead of addressing a variety of functional limita-
tions. The term functional limitations used in this paper is commonly adopted in
the health science domain and defined as restrictions in performing fundamental
physical and mental actions used in daily life [72]. A classification of functional
limitations can thus be instrumental to distinguish the issues people may experi-
ence in performing basic activities. Previous research efforts in evacuation have
focused on quantifying the ability of people with mobility limitations to perform
evacuation tasks, e.g., see a recent compilation of data available in [19]. These
data provide useful inputs for evacuation models and allow inclusion of quantita-
tive variables of evacuation performance [23]. Nevertheless, a further step is nee-
ded to increase the knowledge about the various needs of people with different
functional limitations in evacuation activities and subsequent evacuation perfor-
mance. Detailed linkage between classified functional limitations and the predomi-
nant activities affected by them and evacuation performance has not been
performed. In contrast, detailed classifications are used in the field of accessibility
[67].

The idea behind this work is therefore to take advantage of existing research in
the field of health sciences and accessibility research [67] and adopt a well-estab-
lished classification, which is new in the field of fire safety, to assess the role of
functional limitations on evacuation performance. To the authors’ knowledge, this
approach has never been used in evacuation studies. In addition to using the con-
cept of functional limitations from the Disablement Process [72], the International
Classification of Functioning, Disabilities and Health—ICF (World Health
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Organization [75]) provides a well-defined universal terminology. ICF describes
disability as a wider term for impairments, activity limitations and participation
restrictions which represent ‘‘problems an individual may experience in involve-
ment in life situations’’ [75]. Impairment is defined as ‘‘loss or abnormality in
body structure or physiological function (including mental functions)’’ [75]. The
term activity means execution of a task or an action by an individual. Activity
limitations are ‘‘difficulties an individual may have in executing activities; an activ-
ity limitation may range from a slight to a severe deviation in terms of quality or
quantity in executing the activity in a manner or to the extent that is expected of
people without the health condition’’ [75]. That is, for an individual to exit a
building or to reach a safe place, a series of evacuation activities is needed, e.g.
locating exit signs and finding architectural elements.

To integrate functional limitations and the ICF into the fire safety domain, an
interdisciplinary research project has been initiated by a team of experts in disci-
plines such as fire safety engineering, gerontology, epidemiology, occupational
therapy, psychology and public health. A key goal of the project is to provide a
detailed classification of the links between evacuation activities, functional limita-
tions and predominant activities in light of ICF. In this context, the term egress-
ibility is used to represent the accessibility of means of evacuation. This will help
improve the design of safe evacuation for all people, identify research gaps and
inform regulatory work in fire safety.

2. Method

The articles for this scoping review were primarily retrieved from the Science
Direct and Scopus databases. The search was based on a set of keywords:
‘‘egress’’, ‘‘evacuation’’, ‘‘people with disabilities’’, ‘‘old people’’, ‘‘impaired’’,
‘‘public buildings’’, ‘‘fire safety’’ resulting in a total of 6780 Science Direct and
427 Scopus papers. In addition, 60 papers were included based on suggestions
provided by experts in the relevant field and by screening the references of the
papers included. The research work was conducted in the period from February
2019 to August 2019. Most papers were retrieved in the first two months and the
search was regularly updated up to the end of the study period. For papers to be
included, they had to address evacuation from public buildings with adults aged ‡
60 years and/or adults aged ‡ 18 years with functional limitations. The choice of
investigating public buildings was made to focus on buildings which are of com-
mon interest, thus possibly representing a starting point for future regulatory
developments. Given the scope of the review, papers were excluded if they only
focused on policy, only used/presented evacuation modelling methods, or were
done in residential or nursing homes as the main focus in this work was on build-
ings where self-evacuation takes place. For details, see the flowchart in Fig. 1.

Information about the evacuation process of people with disabilities was extrac-
ted at a behavioural level. This included reviewing evacuation activities performed
depending on functional limitations and identifying the links between the situa-
tions and the activities as classified by ICF. From the selected literature, the speci-
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fic evacuation activity and its relation to specific functional limitation were extrac-
ted. This means that the activities and functional limitations were not simply anal-
ysed at the basic detail level (e.g. evacuation activity—walking; functional
limitation—mobility impairment) or in general. The extracted data were instead
presented considering the activities potentially hard to perform and their relation
to each specific functional limitation (e.g. activities such as moving on horizontal,
moving on incline, opening doors; functional limitation—separating mobility
impairment and upper extremities impairment). The exact types of functional limi-
tations and their effects on evacuation performance found in each paper were then
categorized by the first author. In case of uncertainty, a group discussion with the
co-authors was initiated to consolidate the process. This categorization was per-
formed along with the identification of functional limitations relevant for safe
evacuation. To add an environmental dimension to this categorization, potential
barriers for populations with disabilities were extracted from the body of litera-
ture.

Based on ICF, the list of activities that could be challenging for populations
with disabilities during evacuation—in relation to the associated barriers—were
identified. Disabilities were classified according to the type of functional limitation

Figure 1. Flow chart of the approach adopted for the literature
review.
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(e.g., cognitive, visual, mobility, etc.). Links between ICF activities and participa-
tion (i.e. ICF classification components [75] and issues affecting evacuation perfor-
mance were identified. In the ICF, activities and participation are divided into the
chapters (e.g., Learning and applying knowledge, Communication, Mobility, etc.).
Chapters are subdivided into ‘‘blocks’’, as a convenience to the user (e.g. Purpose-
ful sensory experiences, Applying knowledge, Communicating—receiving, Com-
municating—producing, Changing and maintaining body position, Carrying,
moving and handling objects, etc.).Within each chapter, under the ICF blocks
there are two, three or four level ‘‘categories’’, representing the more detailed level
of description of activity or participation (e.g. Watching, Listening, Solving prob-
lems, Making decisions, Conversation, Changing basic body position, Transferring
oneself, etc.) [75]. In the present paper, a two-level classification was adopted to
simplify the analysis and allow an easier evaluation of the linkage between ICF
and evacuation activities. An ICF block and an ICF category were assigned to
every evacuation activity found in the body of literature as potentially affected by
functional limitations. This process is presented in Fig. 2. ICF does not classify
people but rather describes the situation of each person within an array of health-
related domains [75]. Since ICF refers to normal conditions (i.e. not during a fire
or other catastrophic events), specific characteristics of fire emergencies and evacu-
ation were taken into consideration. The outcome is the linkage of evacuation
activities to ICF activities and the type of functional limitation affected.

Figure 2. Flowchart of the linking process of the evacuation
activities, ICF classification and functional impairments.
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To provide a temporal dimension to the analysis, the engineering evacuation
time-line [56] was used to build a connection between the situations people may
face during an emergency and their actual functional limitations. Every evacuation
activity was therefore linked with three different evacuation phases [62]. (1) The
alarm time (A) is intended as the time from detection of the threat to the general
alarm going off. (2) The pre-evacuation time (P) consists of the sum of the recog-
nition and response times. The recognition time is how long it takes for people to
become aware of the alarm and start to respond. The response time starts after
occupants become aware of the alarm and start responding and ends when they
make a purposive movement towards a safe place. (3) The travel time (T), there-
fore starts when a person has made up their mind and starts their purposive
movement until they reach a safe place [62]. It should be noted that alternative
terminology of the phases of the evacuation time-lines are available in the litera-
ture (e.g. the term pre-movement is often used instead of pre-evacuation or the
term movement time is used instead of travel time [56]).

The link between the activities to be performed and the given evacuation phase
is deemed to add a time dimension to the problem, which is a key factor for safe
evacuation. In other words, it highlights not only the fact that people may or not
be able to perform a task based on their functional limitation (as is currently done
in accessibility research), but also how long that task would need to be performed;
this implicitly considers the extent to which a functional limitation can affect evac-
uation performance.

3. Results

The selection of articles was classified in three groups: case studies, evacuation tri-
als and egressibility studies. Papers containing information about past evacuation
events and inquiries focusing on causes of fires and fatalities in context of older
adults or people with disabilities were categorized as case studies. Statistical data
such as percentage of older people and people with disabilities among the total
number of victims/survivals and the percentage of fires caused by them was
extracted along with data on prevalence of impairments and disorders. Papers
with data about human behaviour, walking speeds, testing and assessment of
evacuation performance activities of target groups (through experiments and/or
interviews on their experience) were classified as evacuation trials. Egressibility
studies refer to papers addressing how accessible the means of egress are for older
people and/or people with disabilities. This includes information about the use of
assistive devices for movement and way-finding aids for populations with mobility
limitations. The final number of resulting papers was 75 of which 25 were eventu-
ally used to perform the link between ICF and evacuation activities. Those inclu-
ded 11 qualitative studies, 8 quantitative studies and 6 studies that used both
qualitative and quantitative methods.

The identified evacuation activities and their links to the phases of the evacua-
tion time-lines are provided in Table 1. A more detailed analysis of the informa-
tion extracted from the papers is presented in a spreadsheet as supplementary
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information. Due to the complexity and variability in the emergency scenarios,
evacuation activities were sometimes placed in more than one evacuation phase.

The evacuation activities Hearing alarm, Smelling emergency cues and Seeing
emergency cues are assigned both to alarm time and pre-evacuation time. An
alarm can be heard as soon as it starts, and emergency cues (e.g. including seeing
and smelling) maybe sensed from the moment of ignition, which qualifies these
activities as alarm time (e.g. seeing/smelling smoke). On the other hand, these
activities are also categorized as pre-evacuation phase since they can represent the
delay time, information gathering or any activity before purposive evacuation
movement [62]. Locating exit signs belongs to pre-evacuation time as it is defined
as information gathering. This activity can be performed while following the evac-
uation path and therefore belongs to travel time as well. The activities Orientation,
Maintaining/changing direction and Finding architectural elements are assigned to
all three evacuation phases. Although they mostly refer to movement while being
performed, this movement can occur also while gathering information (during
alarm or pre-evacuation) or moving along the evacuation path (travel time). Get-
ting out of bed is an activity mostly associated with trying to gather more informa-
tion and is here classified within the pre-evacuation phase. The evacuation activity
Opening doors can be performed in every stage of evacuation, and it can be linked
with different purposes. Therefore, it is assumed to belong to all three evacuation
phases. All remaining activities in the table are assigned to travel time. They all
refer to movement for the means of egress.

The classification of visual, hearing, mobility, upper extremities or cognitive
limitation demonstrated the complexity of the evacuation process. For example,
the separation of upper extremity limitations from mobility limitations is used to
distinguish the ability to move in general from the ability to handle objects with
hands; e.g., a person may be able to move in general but may experience difficul-
ties in grasping the door knob or pushing the door itself. Other functional limita-
tions refer to impairments related to speech and smelling.

The activity Hearing alarm refers to ICF block Purposeful sensory experience,
category listening. Several issues have been identified in the literature concerning
the audibility of sound alarms. People may have problems hearing specific ranges
of the sound spectrum, e.g., older people may have issues hearing > 2000 Hz fre-
quencies [53]. For instance smoke alarms may not be suited for people with mod-
erate to severe hearing impairment given the fact that they are generally emitting
signals in the mid to high frequencies [27, 31, 43, 53]. These issues can have an
impact on the human response in the alarm and pre-evacuation phase, i.e. delay-
ing the response of people with hearing impairments.

The evacuation activity Smelling emergency cues belongs to ICF block Purpose-
ful sensory experience. While the sense of smell is often reported in case studies
[38] as clearly influencing human behaviour during the alarm and pre-evacuation
phases [9], no research studies were found on how functional limitations linked to
the sense of smell might affect evacuation performance.

The evacuation activity Seeing emergency cues also belongs to ICF block Pur-
poseful sensory experience. It can represent any cue associated with the ability to
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see and become aware of danger during the alarm or pre-evacuation time (e.g.,
seeing smoke [34], fire, observing behaviour of other people, etc.).

Further, Locating exit signs also refers to ICF block Purposeful sensory experi-
ences and Watching/listening/other purposeful sensing as categories. Issues associ-
ated with this activity depend on the degree of functional limitation (mild,
moderate, severe or complete [75]). The use of exit signs designed to address the
needs of populations with visually and hearing impairments is widely discussed in
the literature, and different way-finding systems have been suggested [4, 49, 55, 67,
68]. Other purposeful sensing refers to the ability to feel tactile surfaces [75]. For
instance, tactile surfaces can make information accessible for blind and visually
impaired people. Their preferred evacuation path may be along walls and tactile
surfaces [68].

An additional ICF block assigned to this activity is Communicating—receiving.
Within this block, assigned categories are: Communicating with—receiving—spoken
messages; Communicating with—receiving—nonverbal messages; Communicating
with—receiving—formal sign language messages; Communicating with—receiv-
ing—written messages. While this activity can also refer to visual and hearing limi-
tations, this category is associated with cognitive limitation here. Different
cognitive disabilities can cause difficulties in reading, understanding and interpret-
ing information [5, 67] and therefore affect the ability of people to locate exit
signs during emergencies.

As concluded by Passini and Proulx [49] in a way-finding experiment with blind
people, maintaining and changing the walking direction as well as spatial orienta-
tion for people with visual limitations is especially hard in public places where the
background sound and noise can cover informative sounds and when occupants
are not familiar with the particular space. In addition, congenitally blind people
are not able to visually experience and memorize space [49], which makes per-
forming evacuation activities even harder. In a case study on how people with dis-
abilities perceive fire safety in historical buildings, people with visual impairments
state the importance of a simple building design, so they can make a mental map
of space and overcome issues with orientation [31]. Cognitive limitations linked to
neurodegenerative disorders (e.g. Alzheimer’s disease) affect the ability to memo-
rize space, orientation and way-finding, thus making evacuation challenging for
people with these types of cognitive impairments. Being able to make a decision
or plan a series of activities in order to evacuate will depend on the severity of
cognitive impairment as well as on space familiarity [48, 50]. In Table 1, the evac-
uation activities Orientation and Maintenance and changing direction are classified
as ICF block Purposeful sensory experiences and categories Watching and Other
purposeful sensing. In addition, Orientation is classified as Communicating—receiv-
ing ICF block as well as Communicating with—receiving—nonverbal messages and
Communicating with—receiving—written messages categories. In this case, it refers
to people with cognitive limitations experiencing difficulties in orientation and
finding the exit without reference points or easily understandable and accessible
information [48]. Furthermore, the ICF block Applying knowledge and the cate-
gories Solving problems and Making decisions relate to people with cognitive
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impairments and their limited ability to plan and perform an evacuation effec-
tively.

Finding architectural elements is classified as ICF block Purposeful sensory expe-
rience with Watching as category and it refers firstly to difficulties for people with
visual limitations to find the architectural elements that are a means of egress (i.e.
staircase [31]) and make a decision where and how to move [49]. Secondly, this
can refer to finding elements that can help occupants in orientation, which is often
overlapping with the first interpretation.

Communication with rescue services in order to hear instructions to be rescued
from a facility can be a relevant activity in case of a defend-in-place evacuation
strategy, which is a commonly adopted strategy for impaired occupants [52, 58].
Five different blocks of predominant activities were assigned to it: Purposeful sen-
sory experiences—for hearing impairment; Communicating—Receiving—hearing
impairment and cognitive impairment; Communicating—producing—speaking impair-
ment, Conversation and use of communication devices and techniques—speaking and
cognitive impairment, Carrying, Moving and handling objects; upper extremities
impairment in the case of need for using communication devices. In this context,
the categories assigned are Listening/Communicating with—Receiving—Spoken
messages/Speaking, Conversation/Using communication devices and techniques/Con-
versation and use of communication devices and techniques, Other specified and
unspecified, and Fine hand use.

The evacuation activity Using stairs is a very common issue addressed in the lit-
erature for people with functional limitations. This includes both issues related to
their own movement ability as well as issues for other occupants because they can
represent a constraint on stair flows [2]. This activity is connected with visual,
mobility and upper extremity limitations and several relevant ICF blocks and cat-
egories can be assigned to it (see Table 1). With regard to use of stairs, the ICF
block Purposeful sensory experience includes two ICF categories: Watching and
Other purposeful sensing. It is stated in several studies that people with visual
impairments move slower on staircases due to their impairment, due to the com-
plex shape or absence of tactile surfaces to help them navigate (see [5, 7, 52, 61,
68]). The key evacuation issues could be the determination of each tread/end of
stairs and transferring from one flight to another [68]. In a case study on the
experiences of people with disabilities in Sweden considering the evacuation of his-
torical buildings, people with visual and mobility impairments reported the issues
of assessing the shape of stairs and the lack of handrails [31]. Support from hand-
rails is indeed mentioned as one of the most important factors for visually and
mobility impaired people while using stairs by Boyce et al. [7]. In this context,
visual and mobility limitations combined with upper extremity limitations (Pur-
poseful sensory experiences/Other purposeful sensing, i.e. grasping) could affect the
ability of people to use stairs safely [7].

The effect of mobility limitations on the use of stairs is highly dependent on the
type and degree of limitation. People with complete loss of ability to move need
assistance to use stairs, and their evacuation depends on a rescue team or help
from other occupants and/or descending devices [10, 26, 28, 35–37, 42]. Using
stairs in the context of mobility limitations is defined in ICF as the block
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Changing and maintaining body position including categories as Changing basic
body position/Maintaining body position/Transferring oneself and the ICF block
Walking and moving including categories as Moving around different locations/
Moving around/Walking/Moving around using equipment. Mobility limitations are
examined in more detail in the literature. Different health conditions may cause or
significantly increase mobility limitations. Chronic conditions associated with age-
ing include cardiovascular diseases, diabetes, cancer, arthritis and osteoporosis,
which can increase the prevalence of various disabilities [8]. Respiratory problems
and obesity can be the main reasons for the need to rest during building evacua-
tion in case evacuees need to travel longer distances [2, 18, 69, 70]. This issue is
particularly associated with physical exertion [33, 63]. Obesity is common in devel-
oped countries, causing severe or complete loss of mobility [19, 69].

Getting out of bed is one of the main activities reported as causing falls in older
populations [74]. Considering different degrees of mobility impairments, this can
be significant for the pre-evacuation phase of occupants. The block of predomi-
nant activity assigned to this evacuation activity is Changing and maintaining body
position. Changing basic body position and Maintaining body position are assigned
as categories.

Evacuation activities Moving to wheelchair, Moving to escape mattress and Mov-
ing to stair descent devices (e.g. evacuation chair) refer to Changing and maintain-
ing body position as block of predominant activity and Changing basic body
position/Maintaining body position/Transferring oneself as categories. The perfor-
mance of these activities is highly dependent on the assistance and preparation
period, which differs from one helping device to another. For instance, the prepa-
ration times for the use of escape mattress, evacuation chairs or a wheelchair vary
greatly [21].

Moving on horizontal, Moving on incline and Traversing 90� bend were investi-
gated in an experiment with participants with severe loss of mobility and wheel-
chair users, assisted and unassisted, mainly for the purpose of defining their
movement speed [5, 32, 69]. These three activities refer to ICF block Walking and
moving and ICF categories Walking/Moving around in different locations (i.e. incli-
ne—ramps, stairs) and Moving around using equipment (meaning helping devices).

Using evacuation elevators is often a means of evacuation for people with mobil-
ity limitations because it allows for independence while using a mobility device.
Nevertheless, egressibility issues may arise for people with limitations in mobility
or upper extremities if the elevator is in an enclosed lobby with heavy entrance
doors [10]. For this reason, this activity is classified as a predominant activity
block Carrying, moving and handling objects and Hand and arm use/Fine hand use
as categories. Another block of predominant activity—Walking and moving—and
categories Moving around in different locations; Moving around using equipment is
also assigned to this activity since the elevators are a common means of egress for
people with mobility impairments who are not able to descent the stairs indepen-
dently [40]. Therefore, non-accessible evacuation elevators would represent a con-
straint [24]. Using elevators can be challenging for people with dementia [48].
People with dementia may be confused when using elevators and have difficulty
understanding the right commands. They can also experience issues with recogniz-
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ing the floor to get out of the elevator and show a certain level of nervousness
while using elevators [48]. In Table 1, this is classified as cognitive limitation and
as Applying knowledge on the block of predominant activities and Solving prob-
lems and Making decisions categories.

Opening doors as ICF block Carrying, moving and handling objects and Lifting
and carrying objects/Fine hand use/Hand and arm use as categories are related to
visual, mobility and upper extremity limitations. Understanding how to use open-
ing devices is reported as an issue for some blind persons [31], and people with
upper extremity impairments can experience difficulties turning door knobs (grasp-
ing, releasing, manipulating) or pushing and pulling heavy doors (manipulating)
[5, 6, 32]. The ICF block Walking and moving and Walking/Moving around in dif-
ferent locations as categories refer to going through a door, which means crossing
door saddles and keeping the door open while manoeuvring walking services [5,
6].

No data was found on limited ability to sense smoke, although smoke is one of
the key signatures that can help to detect a fire [9, 39]. The impact of smoke on
movement and behaviour has been investigated in the literature [16, 17, 29, 54,
60], but no dedicated studies were found. In Table 1, the evacuation activity Smel-
ling emergency cues predominant activity Purposeful sensory experiences is the
block assigned, and Other purposeful sensing as category. The lack of data on
impairments causing difficulties in performance of this activity is marked as a
research gap connected to other impairments.

The least explored limitation is the role of cognitive impairments due to the
demanding design of experiments involving people with these impairments as well
as ethical issues. A limited body of experimental research related to cognitive limi-
tations (with a low number of participants in the reviewed experiments) has been
found [48, 50], and these studies are often very general, as they do not address
specific types of cognitive impairments [4–7]. Furthermore, the impact of cognitive
impairments on Communication with others/rescue services or similar activity
involving understanding of information, processing and replying has not been
examined, but it can be crucial in different emergency scenarios [1].

Communication is usually first associated with speaking, but no data was found
connecting any kind of speech impairment to evacuation performance in fire sce-
narios. It would certainly affect the Communication with others/rescue services
activity and should be considered and researched in order to provide effective
solutions for people with speech impairments. In Table 1, this impairment is
marked as research gap classified as other impairments.

The evacuation activity Finding architectural elements as guidance through evac-
uation routes is discussed in the body of literature in terms of visual limitations
(see Table 1) but could also be seen as challenging for people with upper extremi-
ties limitation (e.g. not being able to grasp the handrail of stairs or another ele-
ment in order to navigate themselves or hold on to it during the evacuation).
However, dedicated research on this evacuation activity-impairment scenario was
not found.
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4. Discussion

There have been a few attempts in recent years to meet the needs of people with
functional limitations in evacuation scenarios. They have included the pre-evacua-
tion and movement phases, assisted evacuation and self-evacuation, as well as the
relationship between reception, perception and realisation of evacuation tasks [8,
20]. Nevertheless, a universal classification of functional limitations in the context
of fire safety and evacuation has not yet been made. Following a review of exist-
ing literature, this paper presents a detailed categorization of six functional limita-
tions based on a state-of-the-art method adopted in health sciences and
accessibility research. Using ICF, the functional limitations were linked to pre-
dominant activities during the evacuation phases.

This work allowed the identification of a set of issues. First of all, it is impor-
tant to distinguish the needs of people with different types of mobility impair-
ments, i.e. those that have the limitations of upper extremities and those with
limitations in lower extremities. People who have difficulties in activities such as
grasping, holding and pushing, might have problems when interacting with egress
components in certain facilities. Limitations in lower extremities, referred to as
mobility impairments in the current study, refers to people with reduced spine or
lower extremity function, wheelchair users and people walking with mobility devi-
ces such as sticks, rollators, etc. This classification is deemed to better inform
designers in assessing the needs of these two groups, as these functional limita-
tions are associated with different evacuation activities. The review also high-
lighted a set of functional limitations that has not been largely investigated. For
instance, despite knowing that the ability to smell smoke is a cue in fire emergency
scenarios [38], no research has been found related to this functional limitation.
Despite the fact that speaking is one of the main means of communication, there
are no dedicated studies investigating how speech impairments affect evacuation
performance (e.g. communication with rescue services or other occupants). Simi-
larly, given the great variety of conditions and disorders causing cognitive impair-
ments, which may impact the ability to get orientated and communicate with
others, limited research has been found on this issue [31].

Although the role of mobility impairments on evacuation activities is the most
investigated issue (e.g. activities Using stairs, Getting out of bed, Moving to wheel-
chair, Moving to escape mattress, etc.), a better understanding of the needs of peo-
ple with different levels of functional capacity would require the study of a larger
variety of specific mobility impairments. While both engineering and medical
research address limitations of stamina, [2, 18, 63, 66, 67, 69, 70] and difficulty in
reaching with arms and stretching [4, 21, 66, 67], data concerning limitations
linked to poor balance, lack of coordination, difficulties in moving head, difficulty
in bending, kneeling, etc., loss of upper extremity skills [67] are found only in
medical studies. Dedicated fire safety engineering research should consider mobil-
ity impairments at a more detailed level linked to different evacuation activities.

The interaction between groups with functional limitations and the environment
can be perceived as an existing barrier for every evacuation activity [75], which
represents the static dimension of this relationship. For example, in the literature,
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the ability of people with functional limitations to negotiate doors, i.e. turn the
door knob, cross door saddle, keep the door opened has been analysed [6] but with
limited sample sizes, which may not be considered representative of the great vari-
ety of actual limitations affecting this evacuation activity. Turning the door knob,
crossing door saddle, keeping the door opened are the environmental barriers for
the evacuation activity Opening doors (see Table 1). The level of activity perfor-
mance depends on the interaction between the person with functional limitations
and the specific environmental demands, i.e. if the environmental demands
become barriers or the individuals manage to deal with them. The importance of
including the concept of barriers in future research is also reflected in addressing
the variety and complexity of functional limitations. For the activity Opening
doors, in relation to the barrier turn the door knob, the third level of ICF can be
assigned, e.g. Grasping for the ICF category Fine hand use, and Pulling or Pushing
for Hand and arm use. This way, the barriers help perceiving certain activity per-
formance linked to specific functional limitation on even more detailed level,
which can help better understanding the needs of vulnerable groups.

Depending on the degree of mobility loss, people with mobility limitations may
need to use assistive devices for evacuation. Different studies (evacuation drills,
experiments, egressibility studies) have been conducted on the types of assistive
devices for assisted and non-assisted evacuation [4, 21, 24, 28, 36, 37, 42, 45, 65].
These studies provide data about the amount of time needed to prepare assis-
tance, velocities of the assistive devices, total evacuation time depending on the
type of device, their size and weight, physical demands on supporters and optimal
number of people to manage devices during the evacuation. However, there are
limited data on the activities that people with functional limitations need to per-
form to prepare for this type of evacuation. They will differ on several factors
such as whether the evacuation is assisted or not (e.g. the activities getting out of
bed and moving to a wheelchair are harder to perform without assistance) or the
experience of the person(s) giving assistance [12], causing frequent delays in the
evacuation [51]. Additionally, the type of functional limitations will affect the
activity performance and the type of assistive device that is most efficient for a
given impairment. Further research should therefore be conducted to investigate
the relationship between these variables.

Besides the static analysis of the evacuation activities in relation to functional
limitations conducted in the present work, future research should include dynamic
analyses to account for the variability present in different emergency egress situa-
tions. This could include the time required to go through an egress component, or
interpret and use a means of escape. For example, in contrast to the accessibility
domain, during an evacuation, conditions affecting the accessibility of the means
of egress may vary substantially over time both in terms of the population (e.g.
using medications, substance abuse, assisted vs. self-evacuation) as well as the
environment (e.g. lighting, presence of smoke/heat) [14, 57]. In particular, sub-
stance/medication use has been scarcely investigated in terms of its impact on
evacuation, even though the impact of substances has been identified as an issue
in the evacuation domain [3, 59]. This is also an issue because groups of older
people with functional limitations making use of medication are a high risk group
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in fire scenarios [64]. In this context, we believe that the ICF can facilitate the
evaluation in dynamic conditions and expand the knowledge on the subject.

Another issue identified is that most studies look at the impact of a given
impairment in isolation. In contrast, people may have multiple impairments, and
public buildings can often be very crowded, thus adding another layer of complex-
ity to the specific evacuation needs of people with functional limitations. In crow-
ded places, the evacuation performance of heterogeneous groups, including people
with several functional limitations and able-bodied populations, will highly depend
on the interactions between these groups and the space they are surrounded by
[14, 19, 22]. In a study on the movement of heterogeneous groups trough bottle-
necks, it is shown that the higher mixing ratios of wheelchair users and pedestri-
ans affect the moving efficiency and increase congestion. The degree of this impact
is also depending on the design (i.e. the angle) of the bottleneck [46]. In general,
the underlying dynamics of social groups can indeed have a significant impact in
emergency scenarios [44, 73].

This study indicated a scarcity of information on the role of cognitive impair-
ments on evacuation activities. This was expected given the difficulties in collecting
such data due to ethical and practical constraints. Therefore, the suggested classi-
fication has a limited application in this domain. While the evacuation activities
and functional limitations listed in Table 1 are extracted from the literature,
future research could focus on predicting the activities which are potentially
harder to perform and which may have a greater impact on evacuation perfor-
mance. This can depend on the nature of the population and the environment.
Thus, future research should aim to develop an egressibility scale able to catego-
rize and rank the spaces from an egress standpoint in relation to the specific pop-
ulation under consideration. Taking a further step in this research direction would
involve developing a list of barriers for every evacuation activity, so that the func-
tional limitations—the negative aspects of the interaction between an individual
(their health condition) and the environment—can be analysed in-depth in a given
space.

5. Conclusion

This paper introduces the use of ICF to identify predominant activities during an
evacuation. In addition, six groups of functional limitations have been listed and
linked to the evacuation activities included in the evacuation time-line. The sug-
gested classification can facilitate the assessment of evacuation-related issues in
buildings in relation to functional limitations of the population under considera-
tion. The main research gaps identified include the lack of studies concerning the
role of cognitive limitations during egress, and the need to combine the dynamic
issues that characterize the temporal dimension of an evacuation scenario to allow
for the use of methods from accessibility research in the field of egress. This effort
is deemed to provide a useful starting point for fire safety engineers designing
public spaces. The end goal of this work is to provide the basis for the safety
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assessment of buildings that considers the whole spectrum of functional limita-
tions which may be present in a population.
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